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Novel PSV-FLCDs with High Response Speed, High Optical Throughput,
and High Contrast Ratio with Small Voltage Shift by Temperature:
Application to Field Sequential Full Color LCDs

Funsawa Toru, Havasut Masanao, Hasese Hiroshi, Takeuchr Kiyofumi, Takarsu Haruyoshi, and

Kosayasur Shunsuke

By doping newly synthesized photo-curable monomers into FLC media and performing an
appropriate photo-curing, we succeeded in fabricating novel Polymer-stabilized FLCDs exhibiting V
shaped switching (PSV-FLCDs) with = =100 s to 200 s and with a free from the temperature
dependence of operating voltage within 3 mV/C in the range from -5C to 50C. We also
demonstrate a field sequential full color LCD with 4 inch diagonal and 254ppi that is capable of
displaying moving images without blurring and color break.

1 INTRODUCTION

Owing to the recent advances in LCD technologies,
LCDs have become to be capable of providing high
information content -more and more higher pixel
density and high definition. We believe that LCDs with
such a high information content should be eco-friendly
by their low power consumption. The above-
mentioned issues already made LCDs popular.
However, still it has not met our demands for display
performance, particularly their response times even in
the well-developed LCDs such as VA, IPS, OCB LCDs
for TV applications. This is the common problem of all
the existing LCDs owing to the existence of the strong
demands for new generation LCDs for displaying
moving video images without blurring and with high
resolution and also low power consumption.

The objective of our research is to fabricate a truly
useful LCD that has high speed response with =100
s to 200 s, a continuous gray scale operation, a high
optical throughput reaching 90% of that of a paired
polarizes, low voltage operation without temperature
dependence, a high resolution over 254ppi, and low
power consumption.

As a solution for these important requirements, what
we have achieved is to fabricating a novel polymer-
stabilized FLCDs exhibiting a continuous V-shaped
grayscale operation,” called PSV-FLCDs, and to
adopting our PSV-FLCDs for implementing a field
sequential full color (FS-FC) LCDs featured by low
power consumption. To achieve these tasks we have

synthesized new photo-curable monomers for our
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PSV-FLCDs and we have adopted newly developed UV
irradiation technique. Our research has been
conducted by analyzing above mentioned background
and tasks in the current LCDs.

FS-FC LCD using FLCD and a narrow gap TN-LCD
was first demonstrated by Hasebe and Kobayashi in
1985.2 Our PSV-FLCDs are promising for implementing
FS-FC LCDs for displaying fast moving video images
with low power consumption. The present paper will
report the results of our research on the display
characteristics of our PSV-FLCDs and the performance
of an FS-FC LCD with 4 inch diagonal and the
specification of SVGA 800x600 pixels.

2 Experiments

We have prepared materials for PSV-FLCD that are
composed of a ferroelectric liquid crystal mixtures and
several photo-curable monomer mixture.

As FLC materials, M4851/100 (AZ-Electronic
materials) and those synthesized by our research
group were used. Along with these FLC materials,
newly synthesized photo-curable monomers with a
photo-initiator were used; they were doped into host
FLC materials. After that by performing photo-curing
we fabricated PSV-FLCDs showing a V-shaped
switching. For preparing of test cells, polyimide RN-
1199 (Nissan Chem. Ind.) films, which are useful for
fabricating zigzag defect free FLCDs, are coated onto
glass substrates as alignment layers and then baked at
180°C for 1 hour. After the curing, the substrates were

rubbed with an appropriate condition so that
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Fig. 1 Driving voltages as a function of temperature in the
PSV-FLCDs of the frist generation.
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Fig. 2 Influence of newly developed monomers on the
reduction of the driving voltages at 25C in the PSV-FLCDs
of the new generation.

appearance of zigzag defects can be removed. Then,
the prepared FLC mixture was injected into an empty
cell with 1.9 of cell gap at isotropic phase temperature
via capillary action. After the injection, the cell was
cooled gradually at a cooling rate of 2°C/minute to
room temperature at which the SmC" phase is
observed. And then, the FLC mixture was photocured
with a 5 mW/cm? of UV light source at 365 nm for 5
minutes to form aligned polymer networks and
polymeric nanostructure in the SmC" phase; a square
wave voltage of =5 V at a frequency of 2 kHz was
applied simultaneously during the UV exposure in
order to obtain V-shaped switching.

The electro-optical properties of the test cells were
evaluated at the temperature ranging from -5C to 50C
using a polarizing optical microscope with a hot stage

and a photodiode.
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Fig. 3 Successful experimental results on the PSV-FLC of
the new generation, the operation voltage of the novel PSV-
FLC remain constant in the temperature range from -5C to
50C.

3 Results
3.1 Driving voltage

The polymer stabilization ferroelectric liquid crystal
designated as the first generation using M4851+6wt%
UCLO003 (Dainippon Ink & Chemicals Inc.) shows a
strong temperature dependence of driving voltage as
shown in Fig. 1. The driving voltage at V90 increases
more than 10 volts as increasing the temperature from
5T to 60C.

The increase of the operating voltage appearing in
the PSV-FLCDs of the early generation® may be
attributed to the decrease of the spontaneous
polarization as raising the temperature and it vanishes
at SmC™-SmA transition temperature. However, we
succeeded in finding the condition that the operating
voltage becomes lower by using a newly synthesized
FLC material and newly synthesized photo-curable
monomers as shown in Fig. 2. We designate these new
PSV-FLCD as those of the new generation.

Furthermore, we have found that the operating
voltages for our novel PSV-FLCDs remain almost
constant (3 mV/C) in the temperature range of -5C to
60C as shown in Fig. 3. These phenomena may be
attributed to a balance and competition between the
following two effects: one is the effect of the decrease
of the spontaneous polarization with raising the
temperature, and the other is the decrease of
interaction strength between FLC molecules and the

polymer networks or a polymeric nanostructure.
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Accordingly, this change of driving voltage as a
function of temperature is controllable by the
adjusting the composition newly developed
monomers.

It may be claimed that newly synthesized photo-
curable monomers play a role in producing a weak
interaction between the FLC molecules and polymer
networks; and this results in the reduction of the
operation voltages and in the temperature
dependenceless operation voltages in the temperature

range from -5C to 50°C as shown in Fig. 3.

3.2 Tilt angle

The tilt angle is an important parameter determining
the optical throughput and the brightness of PSV-
FLCDs.®

The effect of newly developed monomers against the
apparent tilt angle is demonstrated as shown in Fig. 4.
The variation of tilt angel within 5 volts is
approximately three times sensitive to the applied
voltage than that of the first generation of PSV-FLCDs.
This dramatic improvement with regard to the voltage
dependence of tilt angle meets the requirement of an
active-matrix TFT driving.

Fig. 5 shows a temperature dependence of tilt angle
measured at 9 volts of applied voltage. Although a
well-known ideal value obtaining maximum
transmittance is 45 degrees, the tilt angle more than 35
degrees may be satisfied in practical uses. The tilt
angle more than 20 degrees is observed in the
temperature range from -5C to 40°C. These values
could not meet the requirement for LCDs with color
filter. However, it is possible to apply the field
sequential full color LCDs, because there is no light
absorption by color filters. We claim that these
properties of tilt angle will be improved by raising a
higher SmC*-SmA of transition temperature in FLC
mixtures and synthesis of a more useful FLC materials
to increase a tilt angle, the results will be reported

elsewhere.
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Fig. 4 Applied voltage dependence of apparent tilt angle on
the first generation and the newly developed PSV-FLCs at
25C.
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Fig. 5 Influence of temperature dependence on the tilt
angle of the new generation. +, - indicate the polarity of
applied voltages to measure the tilt angles at 9 Volts.

3.3 Response times

The response times of the novel PSV-FLCDs are 100
#s to 200 us at 25°C. The increase of response time
with decreasing temperature is observed as shown in
Fig. 6. This tendency is a similar phenomenon in
nematic LCs. However, PSV-FLCs that exhibits a fast
response time less than 1000 xs even at -5C is
completely different from switching time for nematic
LCs. Accordingly, it is suggested that novel PSV-FLCs
satisfy the specification of field sequential full color

LCDs in a wide temperature range.
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Fig. 6 Response times at V90 as a function of temperature,
tr represents the rise time for a change of transmittance
from 0% to 90%, and td represents the decay time for a
change of transmittance from 100% to 10%.

3.4 Field sequential full color LCDs using
novel PSV-FLCD

Using a newly developed PSV-FLCD, we fabricated a
field sequential full-color (FS-FC) LCD with 4 inch
diagonal and SVGA (800x600) specification that makes
it possible to display high quality moving video images
without blurring and without significant color break
due to the fast response of our PSV-FLCD.

Fig. 7 shows a photograph of images displayed on
our prototype FS-FC LCDs.

We chose the frame frequency as 60 Hz as a default
frequency, and use an LED array backlight system
emitting three monochrome lights in the sequence of a
red, green, and blue light at intervals of 1/180 seconds,
where the frame period of 1/60 is divided into three
subframes: R, G, and B of monochrome images. These
emissions of monochrome lights are synchronized
with the addressing period and erase period for PSV-
FLCDs. The black frame produced by the erase period
prevents a generating overlap of colors between the
subframes. PSV-FLCDs are a normally black LCDs
based on V-shaped switching.” The polymer stabilized
FLC molecules aligned to the rubbing direction exhibit
the black state without applied voltage. This FLC
alignment shows the zigzag defect-free FLCDs
allowing a high quality of black on the screen. When
the voltage depending the gray scale of display is
applied within 9 volts, the change of apparent tilt angle

as shown in Fig. 4 leads to the continuous gray scale

Fig. 7 A photograph of displayed images on the screen of
the prototype field sequential full color LCDs using PSV-
FLCD. Specification: 4 inch diagonal and SVGA (800x600
pixels)

operation. As the results we attain the high quality

images as shown in Fig. 7.

4 Conclusions

We have developed newly synthesized photo-curable
monomers and newly synthesized FLC materials to be
suitable for PSV-FLCDs. The FLC mixture doped with
the novel photo-curable monomers allows to fabricate
polymer-stabilized V-shaped switching FLCDs with the
freedom of the temperature dependence on the driving
voltage from -5C to 50°C for the first time. It will be
expected that the operational temperature range will
be possible to extend by development of FLCs with a
wide temperature range in SmC" phase. By using a
novel PSV-FLCD, we have succeeded in fabricating a
field sequential full color LCDs with the specification
of 4 inch diagonal and SVGA (800x600 pixels) that is
capable of displaying a high quality full color images of
not only high resolution still images but also fast
moving video images without motion blurring and
almost color break less due to the fast response speed
of our novel PSV-FLCD and due to the insertion of a
black state every time between the subframes
switching with plus or minus polarity of voltages for

addressing.
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Poly(butylene succinate-co-lactate) and the Organo-modified
Montmorillonites Treated with Alkyltrimethoxysilanes

The montmorillonite treated with hexyltrimethoxysilane (HTMS) or octadecyltrimethoxysilane
(OTMS) was further ion-exchanged by N-lauryldiethanolamine (LEA) hydrochloride. The
composites of biodegradable poly(butylene succinate-co-lactate) (PBSL) and the obtained LEA-
modified montmorillonites treated with HTMS or OTMS (HTMS-LEA-M or OTMS-LEA-M) were
prepared by polymer melt intercalation method. Although the obtained composites had little
difference in the quantity of intercalated polymer as compared with PBSL/LEA-modified
montmorillonite as a result of X-ray diffraction analysis, transmission electron microscopy studies
of the PBSL composites revealed that the extent of clay dispersion is certainly improved. Especially
the PBSL/OTMS-LEA-M composites had a very fine and homogeneous dispersion of clay. The
storage modulus at the rubbery state and tan ¢ peak temperature by dynamic viscoelastic
measurement of the composites increased by use of HTMS-LEA-M or OTMS-LEA-M. The use of the
alkyltrimethoxysilane-treated clay was also effective for the increase of tensile modulus. Especially,
the PBSL/OTMS-LEA-M nanocomposites with inorganic content 5 wt% and 10 wt% had 2 and 3.5
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Morphologies and Mechanical Properties of the Nanocomposites of
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times higher tensile moduli than the control PBSL, respectively.
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Fig. 4 XRD patterns of clays and the PBSL/clay composites.
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Table 1 Interlayer Spacing of Clays and PBSL/Clay Composites as Determined by XRD Analysis

Clays Inorganic content XRD peak position 2 6 (* ) Interlayer spacing [001] (nm) Ad(nm)
(Wt%) In clay In composite In clay (d+) In composite (d-) d--ds
MMT 3 7.02 6.66 1.26 1.33 0.07
5 7.02 6.42 1.26 1.38 0.12
10 7.02 6.76 1.26 1.31 0.05
LEA-M 3 4.88 2.84 1.81 3.1 1.30
5 4.88 2.96 1.81 2.98 1.17
10 4.88 3.22 1.81 2.74 0.93
HTMS-M 3 7.40 6.60 1.19 1.34 0.15
5 7.40 6.44 1.19 1.37 0.18
10 7.40 6.74 1.19 1.31 0.12
HTMS-LEA-M 3 4.92 2.72 1.79 3.25 1.46
5 4.92 2.84 1.79 3.1 1.32
10 4.92 2.92 1.79 3.02 1.23
OTMS-M 3 9.12 8.70 0.97 1.02 0.05
5 9.12 8.94 0.97 0.99 0.02
10 9.12 9.10 0.97 0.97 0.00
OTMS-LEA-M 3 4.76 3.00 1.85 2.94 1.09
5 4.76 2.92 1.85 3.02 1.17
10 4.76 3.02 1.85 2.92 1.07
(a) (b)
N, ¢
1l gm
R34 1R O
(©) gl wm s, 2utid] | (d) &
. " e by A g = ek
;‘ - o S \ . F v
) \ , < .-.. Py ‘i¥ : 'f .
5 Fa R § ’ . 1o
2L P RN kT PR
Haak L8 ';f ; 7 1’; f 4 A= 7
- p ¥ f r
3 2 39 7 1y, P i T
Y Oy e N et {1 % A
y Tle b arned, e
< \ o > g X
i : o Ak L o
> I '.’.'\f .\'. _':" '- e
l um [Lab .'{ : / %2 o 100 nm
A &, PNy Yol -:. !‘2" e
(9) 3 Ter (f) %,
. ) LETN ST
h L L ' i Wy "l
. < ‘\.‘}’
¥ 4 . A - L
2 b Sy ' Yo N i 2
" . ’ -‘._ R
- ¥ “ \‘ -o . P
Y i ) }'
- y % - - |
5 L % v, by
— " ” - ,"‘\_.‘I' —— &
Il gm = ° . 100 nm k

Fig. 5 TEM images of PBSL/clay composites with inorganic content 3 wt%:
(a), (b) PBSI/LEA-M; (¢) , (d) PBSI/HTMS-LEA-M; and (e) , (f) PBSIL/OTMS-LEA-M.
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Fig. 6 Dynamic viscoelastic properties of PBSL/clay composites: (a) PBSL/clay composites with

inorganic content 3 wt%, (b) PBSL/HTMS-LEA-M,
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Fig. 7 Tensile properties vs. inorganic content for
PBSL/clay composites.
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Quick Molecular Weight Determination of Polyester-Polyurethane Soft Blocks
with Phenylisocyanate Using High-Frequency Heating Technique

Nakamura Masahiro, Tsuchrva Fumiyo, Kurmara Kenji, and Takanasar Makoto

The chemical degradation method of polyester-polyurethanes using a high-frequency heating
technique was investigated. Model polyester-polyurethanes were prepared from 4, 4'-
dicyclohexylmethane diisocyanate (H12MDI), poly (butylene adipate) or poly (ethylene adipate)-
polyols and isophoronediamine as a chain extender. The number-average molecular weights of their
polyesterpolyols were 3500 Da. Phenylisocyanate was an effective reagent to decompose the
urethane bond selectively without cleaving the ester bond. After 30 mg of a polyurethane sample
was heated at 25°C in a mixture of phenylisocyanate in a sealed glass tube, the urethane bond was
decomposed after 30 minutes under this condition. After the reaction, the molecular weight and the
composition of the polyesterpolyols were determined by MALDI TOF-MS and SEC. The separation
between the peaks of the main series consisted with repeated polyesterpolyols units. The ions
consisted of a polyester chain with N-phenylurethane terminal groups from MALDI spectra. SEC
chromatograms of degraded samples were consistent with the model N-phenylurethane-terminated
polyester. The combination of selective degradation with SEC, MALDI and a high-frequency heating
technique, using phenylisocyanate, is a viable method for easy and quick polyurethane polyol

characterization.
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Fig. 1 Sample preparation method.
1: sample, 2: phenylisocyanate, 3: ferromagnetic alloy.
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Fig. 2 Phenylisocyanate degradation reaction of
poly(butylene adipate)polyurethane.
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Fig. 3 MALDI mass spectra of polyurethane degraded using
phenylisocyanate.

A: heating temperature 220°C, heating time 30 minutes,

B: heating temperature 255C, heating time 30 minutes.
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Fig. 4 MALDI mass spectrum of poly(butylene adipate)
with N-phenyl urethane terminal groups.
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Fig. 5 SEC chromatograms for poly(butylene
adipate)polyurethane (- - -), poly(butylene adipate) with N-
phenyl urethane terminal groups (----) and poly(butylene
adipate)polyurethane degraded using phenylisocyanate (—).
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Fig. 6 SEC chromatograms for poly(ethylene
adipate)polyurethane (---), poly(ethylene adipate) with N-
phenyl urethane terminal groups (----) and poly(ethylene
adipate)polyurethane degraded using phenylisocyanate (—).
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Development Trend and Updates on Production of Chemicals by Bioprocess

Nisumastr Hideji

Bioprocess is expected as a necessary technology for a sustainable comfortable society. In this
review, the current technology, the problem and the future way of production of chemicals by
bioprocess are described. Moreover, as updates, it introduces about the technical development for
production of polyester polyols, biphenols and polyphenols by enzymes that worked in the
"Bioprocess Commercialization Development FY2004-FY2006" supported by NEDO*.

*NEDO is Japan's largest public R&D management organization for promoting the development of advanced
industrial, environmental, new energy and energy conservation technologies.
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— Fv v 72T, BEANOMELE LT, 20254EF T
B4k & b LT a2 2 D20% (5IEH)
ENAF T O AERRT A E L TWh,
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% 4C, BUROH L 2 OMEN, & L bR
WBIFBENLF 7O ADEHEDH Y JIZONTIHR
%o F72, 20044E 2> 520064F 20T T, FIATEEA
LA F— - EEFAMR AR (NEDO) DOB)

BHEFE [NA A4 7o ZEMBSE] O—8E LTH
BONPMYMATL [HEREVER ) =~ =MD/ 1 A+ T

AN L BBGERPAMT ORI ] THONIZHRO %
B PEY 7 AL LTRY,

2 N FAT7OtZXDEH

NAFTar AL, AR, #iE WEOERET,
NNAFT 7 /0y —%EHTAI L, F721320H
ol & N4 F 727 /0y =8ISR "OhTESR
ENTWb, £/, 20438 LTI, DEMHLS
i - EREMEME DR, DAY LNl (BEE
wrte) OEEHA, 3)FEFEWSELME, NA 4~ AF]
FHEA, (S ENBY, ZORTILESEE BT
BNAFTURR &AL, WY BRI O A Rl
ThrMHECTHHLWEER T o ATH b, N1
F 70 AR A LD L BT 5 L Table 10 &
HNREND , BERGIZ—MAICE T 4V F — s
THY, Tz, KISHFREENEV, —J7, EERES
A I EE S O TEEFEVE I RIRE S S B,

Table 1 The Features of Biocatlystic Reaction and Chemical Catalystic Reaction”

enzyme reaction

chemical reaction

reaction conditions

reaction energy

room temperature, room pressure

energy based on conformational change of oxygen molecular heat energy

high temperature, high pressure

solvent water (rarely organic solvents containing water) water or organic solvents
specificity
reaction specificity high low
substrate specificity high low
regiospesificity high low
stereospecificity high low
concentration of substrate or product low high
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Table 2 Recent Industrial Applications of Microbial Reactions in Japan (1984-2003)"

Item Product Year Organization
Amino acid D- p -Hydroxyphenylglycine 1979/1995 Kyoto Univ. & Kaneka
Aspartate 1984 Ajinomoto
DOPA 1986 Mitsubishi Chemical
Hydroxyproline 1994 Kyoto Univ. & Ajinomoto
1997 Kyowa Hakko Kogyo
Nucleotides 5-IMP & 5'-GMP 2003 Toyama Pref. Univ. & Ajinomoto
Sweetners Paratinose 1984 Shin Mitsui Sugar
Astartame 1987 Tosoh Corporation
Lactosucrose 1990 Hayashibara
Galactooligosaccharide 1990 Nissin Sugar mfg.
Maltotriose 1990 Nihon Shokuhin Kako
Engineered stevia sweetner 1993 Toho Rayon
Theandeoligosaccharide 1994 Ashahi Chemical Industry
Treharose 1995 Hayashibara
Nigerooligosaccharide 1998 Nihon Shokuhin Kako, Kirin Brewery &
Takeda Food Products
Oils Pysiologically functional oils 1989 Fuji Oil
Polyunsaturated fatty acid 1990 Kao
1998 The Nissin Oil Mills
1998 Kyoto Univ. & Suntry
Vitamins Stabillized Vitamin C 1990 Hayashibara
Nicotinamide 1998 Kyoto Univ. & Lonza Group
Vitamin C-phosphate 1999 Kyowa Hakko Kogyo
Pantothenate intermediate 1999 Kyoto Univ. & Daiichi Fine Chemical
Chemicals Acrylamide 1988 Kyoto Univ. & Mitsubishi Rayon
Chiral epoxides 1985 Japan energy & Canon
Pharma intermediates ‘Herbesser’ intermediate 1992 Tanabe Seiyaku
Chiral alcohols 2001 Kyoto Univ. & Kaneka
Others Casein phospho peptide 1988 Meiji Seika
Hypoallergenic rice 1991 Tokyo Univ. & Shiseido
Hypoallergenic protein 1991 Meiji Milk Product

3 NAMF7O0tXICLBLFRERE
DIFIK

BEREHR T ADOERLE LT, HHEKFORK
BIZIZ X D 27TREBAIREN TS (Table2) Yo &
NERLE, 7378, HEE, €53y, EEPH
ke &, ALZFEETIEERDTHWEE 2, LaEVEORE, 5
DEMTENIFZEAETH D, LFMmE LTI, K
EMET AR ¥ N (1985%E) L7297 I F (1988
) OO ATH Y, JUHGE LTEBRED 1S
B E 7,
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Conventional manufacturing
(copper catalyst )

ETTae

R hydrated A
preparation . separation
of catalyst ;;%tc:'gon at of catalyst

Bioprocess manufacturing
(microorganism catalyst )
keeping

concentration of
‘5"'2.0% /concentration of

acrylamide

Immobilized cells that have
nitrylhydratase in
polyacrylamide gel beads

Rhodococcus sp.

conversion
over 99.9%

separation removal
of residue ﬂ of copper
acrylonitril ion l

Kyoto University —Nitto denko(1985)
Mitsubishi rayon(1991)
Mitsui chemicals (recently)

product of
acrylamide

CH,=CHCONH,

30,000t/y

max.50%
hydrated
°/ M) | reaction at mm) | separation 3 . '| product of
under10°C of catalyst ‘l decoloring ‘-l concentration |mE) acrylamide

Fig. 1 Comparison of the bioprocess manufacturing of acrylamide and the conventional manufacturing.
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Carbohydrates

l amylase

glucose

Glyceraldehyde 3-
phosphate
Glycerol
Glycerophosphoric dehydrogenase
b glycerol —_
\;
yeast bacteria

((=\\

1,2-propanediol
dehydrogenase
_—
Glycerol

dehydrogenase
—_

"——

recombinant bacteria

1,2-propanediol X

1,3-propanediol 1,3-propanediol

Fig. 2 Process for making 1,3-propanediol from carbohydrates using mixed microbial cultures and using a recombinant

microorganism.
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Fig. 3 Application of succinic acid.”
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Phosphoenolpyrubic acid

\ lactate dehydrogenase(/dh)

/ co,
I\lADH . pyrubic acid —I—P lactic acid

malic ;. Pyrubate formate-lyase(pfl)
enzyme s +*
v ..¢" acetyl CoA
.-"‘ ___._\ acetic acid
" é__ = - -
J' x P citric acid formic acid
malic acid TCA cycle ethanol
N I o

¥ succinic acid 4—»‘/

Fig. 4 Production of succinic acid by a recombinant Esherichia coli.
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Fig. 5 Enzymatic polymerization of €-caprolactam.”
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Fig. 6 Enzymatic polymerization of a cyclic acid anhydride and a glycol catalyzed by lipase.'?
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HO,C(CH,),CO,H + HOCH,(CH,),CH,0H

CAL-B,-H,0
_— R'*EOCHz(CHZ)mCHIOCO(CHz)nCOO}R2
40~60°C
R'=CO(CH,),CO,H; R*=H diacid
R'=H; R>=(CH,),,CH,0OH diol
R!= R>=H hydroxyacid

For adipic acid, n=4
For butane-1,4-diol, m=2

Fig. 7 Enzyme-catalysed condensation of diol and diacid.*”
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Fig. 8 Comparison of polyester polyols synthesis by immobilized cutinase and by immobilized CAL-B.
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Fig. 9 Hydrolysis examination of polyester polyols at 70C.
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Fig. 11 Oxidative reaction and green chemistry.*

Table 3 Possibility of Biocatalysts to Oxide Reaction (Carboxylic acid)®

Source Product Enzyme
aldehyde carboxylic acid aldehyde dehydrogenase
aldehyde oxidase

aliphatic aldehyde carboxylic acid alkanal monooxygenase
decanoic acid, octanoic acid

methane methanol methane monooxygenase

aliphatic hydrocarbon aliphatic alchol

unsaturated hydrocarbon epoxide

alkane alchol alkane 1-hydroxylase

glucose glycerol yeast

glycerol 3-hydroxypropylaldehyde glycerol dehydratase

3-HPA 1,3-propanediol dehydrogenase

benzene cis-cyclohexa-3,5-diene-1,2-diol benzene oxygenase

aromatic rings of toluene, naphthalene corresponding 1,2-diol

nicotinic acid 6-hydoxynicotinic acid nicotinic acid dehydrogenase
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Table 4 Feature Expected of Enzymatically Polymerized Resins*”

Difference of structures

-CH.- bond isn’t in enzymatically polymerized resins

Copolymers that have oxyphenylene unit

Feature of manufacturing

Easy low environmental load manufacturing of de-formalin resins

Function expected of phenylene unit

Electric conductivity —  fuel cell separator
Low smoking

Low thermal conductivity

Application expected of oxyphenylene unit | PPO engineering plastics

Conventional phenol resins

CH; n
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Fig. 15 Chemical synthesis of 3,3',5,5'-tetramethyl-4,4'-biphenol.

Table 5 Comparison of Dimmer Conversion Activity between Oxidoredactases

MnP Lac CIP HRP LiP (VA+) LiP (VA+)
conversion (%) >99 82 61 15 13 7
max time (s) 152 583 748 3600 852 1097
max abs 1.402 1.0169 0.75172 0.1801 0.16571 0.091057

(enzyme concentration 10 nM, substrate concentration 0.05 mM)
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Fig. 16 Proposed mechanism for the oxidation of 2 6-dimethoxyphenol by the MnP system.*”
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Fig. 17 Biphenol synthesis systems using oxidoreductase.
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Table 6 Molecular Weight Comparison of Polyphenol Products by Oxidoreductases

Oxidoreductases
Lac MnP HRP
Raw materials
phenol Mw : 1,500 Mw : 1,500 Mw : 2,200
guaiacol Mw : 1,600 Mw : 1,700 Mw : 2,500
o-cresol Mw : 4,300 Mw : 2,200 Mw : 2,400
m-cresol Mw : 1,300 Mw : 2,700 Mw : 2,900
p-cresol Mw : 800 Mw : 700 Mw : 1,200
p-methoxyphenol Mw : 650 Mw: 710 Mw : 920
p-ethoxyphenol Mw: 780 Mw : 940 Mw : 1,400
p-isopropylphenol Mw : 1,200 Mw : 1,000 Mw : 1,400
p-t- butylphenol Mw : 1,100 Mw : 1,200 Mw : 1,300
p-chlorophenol Mw : 1,600 Mw : 1,300 Mw : 1,400
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Development of Micro Reaction Process for Industrialization

Murata Hideyuki, Ismivama Fumihiko, and Hizawa Takeshi

High efficiency and environmentally-friendly micro reaction processes were developed for fine
chemicals and fine-particle productions. Based on microfabrication technology such as etching and
laser beam machining, DIC original micro devices were developed, which include micro mixers and
micro heat exchangers. By applying these micro devices to build micro reaction systems for bi-
phenol synthesis, yield and selectivity were successfully improved, while reaction time was
dramatically reduced because of rapid mixing in the micro mixer. Micro reaction processes for fine
particles of polymers and organic pigments were also developed. These newly developed processes
proved to be more efficient in terms of both productivity and quality than conventional processes,
and to contribute to reduce solvent consumption and waste.
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Fig. 1 Micro channels etched on steel plates (left) and
microscopic observation of the channels (right). channel
width : 200 » m.
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Fig. 2 Plate stacking blocks bonded by diffusion bonding
(left) and microscopic observation of the side view of the
bonded plates (right).
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Fig. 3 Fluoroplastic micro particle coated micro channels
observed by laser microscope.
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Fig. 4 The non-isothermal micro mixer.
(channel width : 400 z«m, plate number : 14)
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micro channels
for heat transfer
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micro channels
for process fluid A
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7

micro channelsT micro channels for
for process fluid B I heat transfer medium

stacked plates with housing blocks
bonded by diffusion bonding

inlet of
process fluid A

fabricated non-isothermal
micro mixer attached
with inlet and outlet pipes

inlet of
process fluid B

outlet of mixed
fluid A+B

Fig. 5 Fabrication step of the non-isothermal micro mixer.
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Fig. 6 Observed temperature distribution of the non-
isothermal micro mixer by a thermo tracer.
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plate for process fluid

plate for heat
transfer media

Fig. 7 The integrated double-zone micro heat- exchanger
(center) and build-in plates for both process fluid (left) and
heat transfer media (right).
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Fig. 8 Numerically analyzed temperature distribution in
the integrated double-zone micro heat-exchanger (3D
simulation).
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Fig. 9 Other functional micro mixers.

back pressure regulator

_\-

Fig. 10 The temperature and back pressure controllable
micro mixer.
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Fig. 11 Observation of Y-shape mixing point for two
reactive fluids on a glass based micro reactor (channel
width:500 xm).

Fig. 12 Observed Temperature distribution of a micro
mixer by a thermo tracer.

Temoaestion 2 Moy 35, 2004
UENT 8 1 (30, sagmgaie:

Fig. 13 Numerically analyzed temperature distribution in
the integrated double-zone micro heat-exchanger.
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Enzyme Reaction for Mn** Synthesis by Mn Peroxidase
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Micro Reaction for Bi-phenol Synthesis by Radical Coupling

Fig. 14 Reaction scheme of Bio/Micro hybrid process for
bi-phenol synthesis by radical coupling in aqueous solution.
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Fig. 15 Temperature dependence of the reactivity of Mn*
as radical coupling initiator.
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Fig. 16 Deactivation curve depend on temperature and
time.
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Fig. 17 The micro reactor system for bi-phenol synthesis
by biochemically prepared Mn?* in aqueous solution.
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Fig. 18 Temperature dependence of product yield and
residue and influence of Mn*/DMP ratio.
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Fig. 19 The pilot plant of microreactor system for bi-
phenol synthesis, which includes eight units of the micro
mixer and the micro heat exchanger. Each series has

1 I/min processing capability.

52 SAFHKHFER~70E7OtEX
~A 7 ufbE T O A0 KL T 0 e AR
IR L, R ST E oW ERE T ok 22 h
WHTRETH B, BIZIE~ A 7 aBscifneiz w2 &
FSHNZ X 2 70 23R Ak 7 2 2F
HMCTH D, Ut TIZEE, BB &MEAINA L L
TEELRT v 7 AW TEH~ A 7 2t 712t 20
ML ERL TV o, FEOMEAE LT XY iz
v 7 AWKTHRDENTHBY, FOERLAN)VIFL
pmBUFIZELTW S, SIS LTHRERDT v 7 2
Wk R L AL LIZE—X 3V
EHOWIRRE T O IS TEESNTEL, L2rLE
MOHERD FHTE TG EREE RN D 5 720, Fi
TR LIS & F D, R CIORCR T
PR LR, ZORFIIRD HIRIE L 23 a,
BAEDOERGE AIE LA WIRIIC R ) 20 5,
FITEBLII~A 7 oL % v - 2 ik
CEAav A 7 a7 ar AR gL, 73 ra
A =D v 7 Ak FEfE L 729 Fig. 20
27 REFREEZIRT, A7 042 ATIEBERDZHS
i - WEH~ A 7 aacifdy (Fig. 7) 2fH L Tw
bo R A 7 UBREO A O TIEBIEIZ L ) 7
v 7 ADER, WREED ISR, Zhashn
MO CTABGHINTY v 7 Ak 25HrH§
%o Fig. SOBfEY I 2L —va IO L L, <4

44

7 OBSTHZEPNC TR ARG ENC L 0 T v 7 2Ok
FHREDHERTHDT, TONHLEIZIZEALRE
T5Z &% CHRE S, PEREICH L TG kAt
BoNb, KA 70l Cld~ A 7 niscifisg A
0 A O BRI EE AY507C  (HETIENE0C DK % 5 k)
DEE, Ty ABEOTREIFEE L 7215~75g/min
DEFHPIZB TR AL pmBh T 2 L7
(Fig. 21)o F72156N727 v 7 Ak 1-1dFig. 2212/R
L7z & 9 ITIRIZERIEC, MR TR IR T &% 4
WOT, BRRE LD TERL TV,

Fig. 20 Experimental apparatus of wax particle synthesis
by crystallization method in the integrated double-zone
micro heat-exchanger.
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Fig. 21 Flow rate dependence of average diameter of wax
particle manufactured by crystallization method in the
integrated double-zone micro heat-exchanger.
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Fig. 22 SEM image of wax particles manufactured by
crystallization method in the integrated double-zone micro
heat-exchanger.
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Fig. 23 The micro reactor system of organic pigment
synthesis.

Fig. 24 SEM image of Cu phthalocyanine synthesized in the
micro reactor system.
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Wide Color Gammut Printing System “DIC Six Color System”
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High Tg Hyperbranched Imide Resin for Coatings “UNIDIC®V-8000” Series
ZHRASMWRAENTIN—T I FAIRBEI =71y 7°V-8000] ") — X

BIHR S — BT AER
ME = —/# EF
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bk, Ozl ENIFREERLE T,

Fig. 1 Model Structure of Hyperbranched Imide Resin
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Fig. 2 Hyperbranched Imide Solution and Film
(solvent: Diethylene glycol mono methyl ether acetate)
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Table 1 Specification of Hyperbranched Imide

UNIDIC

V-8000 V-8001
Appearance Clear Yellow Clear Yellow
N.V.(%) 44 - 50 45 - 55
Viscosity(Pa-s, at25C) 45-75 1-20
Acid Number (solution) 38-48 50-70
Solvent Diethylene glycol mono y —Butyrolactone

methyl ether acetate

Characteristic High Tg Ultra High Tg
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Table 2 Film Performance of Hyperbranched Imide Cured with Epoxy Resin

UNIDIC
V-8000 V-8001 Phenol Novolac

Epoxy resin % on solid 33 33 70

Film Appearance Pale Yellow Pale Yellow Pale Yellow
Pencil Hardness 2H 3H 2H
Elastic Modulus(GPa) 1.9 21 1.5
Elongation(%) 5 5 2

Tg(C, tan § max, DMA) 260 >300 160

Curing condition: Epoxy:o-Cresol novolac epoxy (epoxy equivalent = 215 g/eq), Epoxy curing catalyst 1 wt%,

Film thickness 70 xm, Preheating 100°C X30 min, Heating 170°C X60 min
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Y74 v 7V-8000" RGNV T LY — ) /KR
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JOCNTY LR % o ORI L, 100TEL Ed &
HTY, 512, “2=F 41 v Z7V-8000" 1Z150C %
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290 |

270
i = v-8000
230 |

.
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170 .’//P":‘i"j‘ﬁ"",/"

140 160 180 200
Curing Temperature (°C)

Fig. 3 Film Tg vs. Curing Temperature
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350 > 300 °C
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Fig. 4 Cured Film Tg of UNIDIC V-8000 / Several Epoxy Resin
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Pressure Sensitive Adhesive Tape for Mobile Phone “DICTAT®”,

“DAITAC®”Series
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5 7 AT AR
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F L7, RN A — 7 — &L, SRl S5
b ERYLOWIIZ, LOEZE->TWwET, Th
S AR ITIE, FRA ZHERMPEH STV
o B % Fig. 112R L 3,

AH, Ty r7oERICLY, FORBMEIEZI A~
FA=N=L SO RDIKMEAID D T, WS
ANERET DL A7) =280V, T 7)) ViR
WG CHIEO S VIR L 7 7 A DRI E - T
Wi,

WL, HEHEEA — I — OB — X2 W
LR 8L, #amko [HAEf] & [ Lk
bl ICEBAT & 2457 #ah “DICTAT”, “DAITAC”
D) =AxnREEHLE L,

< BEEDEH>

O [(ERRESKENDKREEELEIR] MEBHLEA
N—RO—r§57%& 74V L“DICTAT HC1100”
Vi, LT A7) — XK OUHEEE L
TBEDREEEE L, T AKEIHMASZ LT,
[MBENCREEBG L ERE] & [T A5hBEEm B 235

Double-sided adhesive Double-sided adhesive tape for Lens |

tape for rubber parts

Anti-scaltering adhesive film ]

Double-sided adhesive
tape for water proofl
sheet

Protection adhesive film

Double-sided adhesive tape
for LCD cushion

Double-sided adhesive
tape for KEY shect and
heat conductive sheet

Fig. 1 Application of Adhesive Tapes for Mobile Phone
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T& L85 7 1 )V 2 “DICTAT HC1100” % BA%S L
L F L7, “DICTAT HC1100" DR % Fig. 212,
BB 1 fE % Fig. 3, 4% Table LIS/R L 97,
“DICTAT HC1100” (%, #'J AmEMmICH SN S
ZEDD, [GBo3#S] TabbEN R
FUORENFE T, MthiE, FrEICB % L 7RI % o
FEREEEN— PO — MRl R Z AT IV T 1)V 4
KEICHHEI—T 17352 LT, hEFIMFET
FER I EKEED [ RESHEME2HL, F] OERICHK
DLFE L7
EPNHEWHEDL A —h — 1, BEMOEIHH T A
IXAIVRIENS, FREBH LKA 7 1 v 2 O Mifd % #r
FHTH Y, “DICTAT HC1100” 13HETERE A — 7 —
FHTEVEHTZ 2T E T,

/ Hard coat layer10 4m

95 ym «~— Polyester film75 um

~— Special adhesivel0 ym

+—— Release liner50 4m

Fig. 2 Construction of DICTAT HC1100

0azinch
S

oyt HC 1100+Glass Glass only

Hhright of gl brokes:30CM

Ocm

Fig. 3 Anti-scattering Ability of DICTAT HC1100

Table 1 Properties of DICTAT HC1100

Unit HC1100

Tape thickness um 95
Adhesion (IG3) N/25mm 6.0
Pencil hardness (JIS-K-5600) - 3H
Pencil hardness [with adhesive](JIS-K-5600) - 2~3H
Wear resistance test (JIS-K-5600) - good
Transparency (JIS-K-5600) % 93.0
Haze (JIS-K-5600) % 0.1
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200 4 m N Special polyolefin form

+— Special adhesive

~— Release paper

Fig. 4 Construction of DAITAC #8402B Black

Table 2 Properties of DAITAC #8402B Black

Unit #8402B Black
Tape thickness pum 200
Peel strength ABS N/20mm 15.0
Push stregth ABS N/4cm? 140
Holding Power (40°C, 1kg) mm/1hr 2>
Water resistance test” [IPX] Class 7

* Mobile phone manufacture tested

@ [#EY— MTRIKMEMRS] ERREER
mEET—7 “DAITAC #8402B7 0"
“DAITAC #8402B~ 1" %, WHAISSIARES Ol

M A CEN L5557 7 ) VARKEA % 32— 7
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TN S AREE % A T 5 B PRSI E A O 8k 12 &

D, RS OMIMIBE LB Y - VR

EHE L £9, “DAITAC #8402B72 1" %31 L 72445

WKL, HEIEREAK L OV DJISEEKBIRE TIPX 7480 |

R L TWET CHEROR A — 7 — 12 X ) o

@ [ERZEKENEI+EHE] HENHEHEE

&7 — 7 “DAITAC #8603TNW-10"

R ICEE SN L MMICIE, REBMAEHT 2
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AP D728, Bk H 7 AL E LARIRAL & 8 5 0K
B 79774 80— %, FEEGERELFEIIZIG 5 Xt
KOpERLTWEST, L2L, 79774 =1
B OREREHEL v, 79774 Y —
FE2BORES - PNTT I A= LAIRTHEM
ENTVWIET, II2— ML YWERDHEINT 57
O, REGZR)EFOME Y — MPEZSI T
L7

Lk, BB -7 1 v ST R R L E R RS
KEEDIE Z10 pm % Z K L - BER OMEES T — 7
“DAITAC #8603TNW-10" %# B LWL F L7z EN
YrofEmim KO HEALICE# L TV T, “DITAC
#8603TNW-10" DOHER % Fig. 512, 4% % Table 312K
LT,

DIC Technical Review No.13 /2007

~—— Release liner

10 m Polyester film3 um

+— Special adhesive

#—— Release liner

Fig. 5 Construction of DAITAC #8603TNW-10

Table 3 Properties of DAITAC #8603TNW-10

Unit #8603TNW-10
Tape thickness pum 10
Peel strength SuUs N/20mm 8.0
at 180° PC 7.5
Holding Power (70°C, 0.5kg) mm/24hr 1>
<KERDOELE>

e BRI S b “DICTAT”, “DAITAC” @
B, REEFIERA N Fa— MKE7 1L 4
“DICTAT HC1100”, #HAESE@AmmES 7T — 7
“DAITAC #8402B7 1 ”, MM W H %A 7 — 7
“DAITAC #8603TNW-10" |Z2OW T ZTHAML F L7z,

INOHBEMI, WHEFA I —OERTH 2
[ZhEEEfL] = [#AUL] ICHBTE 2 EHTH D &
ELTWET,

2008 DAL HA ) Y ¥y 7, 20100 LiEFE %
Hafz, RO ESETLOSELRES T S
TWwWET,

WAtkEAE S, “DICTAT”, “DAITAC” ¥') — X,
HRTHICMFTES R LR EHAZHIEL TN E
S

BEIVWEDEE
BETH
2y AT AN ER
HBENIMER T IV—T
TEL:048-722-8318
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Pressure Sensitive Adhesive Tape for Flat Panel Display Television

“DAITAC® #8810MB-W, #8810TDR”

EE > L EHAmmELET — 7 [DAITAC® #8810MB-W, #8810TDR|
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OB ZFig. WORLET, B LTI, Kl
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MR OEFT AT, o THiAEMICS BN -HAE
MBI E RS TwET, S5, HE
H=— ZADOEAE XA D TH A 2D T D,
Hae RO BIRESEEH SN LE LD ) £7,
70, REBEIVVA 7 VEONAITR Y v 7Ny Afik
e CBEEE, w4, BEEEAORE D ERksh, HiE
HBIZoWTY, 7LV UERERROME O L Y S
(VA 27 Vi) vy 2T ADRERWE & Sh
LHERIVAT VT FR MVI Y% EVOC (FEFMA
BALEY) DEEARDENOOH Y 7,

YL, TROSHERMTFLEX—H —RHEBEZDOK
O 5 HAEGREME, L OB R BN S
#5757 — 7 “DAITAC #8810MB-W”, V) H A 7 )Lk
ERvVoCE M. L-WHAi%E 7 — 7 “DAITAC

Double-coated
adhesive tape for |
insulating sheet DOUhlIC-Coak-d
adhesive tape

for felt

-

Double-coated i

adhesive tape for £

speaker net Printed
label stock

Fig. 1 Application of Adhesive Tapes for Flat Panel TV
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#8810TDR” % BA%E L L % L 72,

<BEGDEHE>
QEEEHEME, mMIEME, BEEM SEHELM) (C

Bh3AE—H—%v NEEHAAEWNET —7

“DAITAC #8810MB-W”

Wik, A¥—=h—Av bOREEMIC, HEAEHE
P ML PE B, REIME#EE TH AT
B LRI AL TAE - —% v POER
A& L L 72 ERs 2 7 — 7 “DAITAC #8810MB-W”
% L L FE L7z, “DAITAC #8810MB-W~ D,
%Fig. 212, 574 LVE%Fig. 312, $5% % Table 1127R L
EQ

Cabinet of TV side

Brown release paper liner

Acrylic adhesive (black)
Non-woven fabric

Acrylic adhesive (lusterless black)
White release paper liner

S er net side

Fig. 2 Construction of DAITAC #8810MB-W

#8810MB-W Conventional
= Y

Lusterless black adhesive #Speaker net laminated by double-sided

adhesive tape

Fig. 3 Degree of Luster on the Surface of Adhesive

Table 1 Properties of DAITAC #8810MB-W

#8810MB-W

Unit Brown release | White release

paper liner side | paper liner side

Peel strength at SUS | N/20mm 15.0 13.6
180" angle HIPS 13.8 1.5

PET 13.7 12.0
Holding power (40C,1kg) | mm,/hr 1> 1>

Adhesive strength at 90°
angle and constant stress 23C, | mm./’hr 10.0 18.0
0.3kg/10mm SUS
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i T — 70BN > TR A D720, BIRMED
HS, HiAEmMOSEN LSRRI NE T, L,
Wi H DN 7 Gat &g R S R BRI X D,
EHMREZE COMEmOMN L2 RETs2 &
WL F L7z,

B ORI T L EClE, WoKIaNT €7V % i
BRRAOEBEDOD 5 7 A Y HHFHENRTED,
A= =2y FOEERHLEEHEINL 2D
“DAITAC #8810MB-W” A ¥ — 7 — % v b OEIE
M ECEBRL T E T,

@)Y A 7ILENEEEVOCEMILL A Y1 7ILER
MEEHREERE T — 7 “DAITAC #8810TDR”
M, BRI MM BN OBEEEEL T L E

RAREOMELOF B L & (R %34z,

WO, Yy INTADFERYEEEINSL PV Y%

FEEELTHwRW MV y 7)) — Bk E T —

7 “DAITAC #8810TDR” Z#BiZ L L ¥ L 72,
“DAITAC #8810TDR” DK % Fig. 412 WEH%T

— 7 55EET AVOCH % Fig. 512 ﬁﬂ%@

I Special acrylic adhesive
140m | - = = — = — - ; E (Toluene and xylene free type)

Special non-woven fabric

+— Release paper liner

Fig. 4 Construction of DAITAC #8810TDR

e o M

LT

#8810TDR Conventional

Amount oftoluene (uge‘lﬂﬁcrﬁ)
[=:]
oS 888 XL

Fig. 5 Amount of Toluene Vaporized from Double-coated
Adhesive Tape

Removable without

adhesive residue

i E

Fig. 6 Removability of DAITAC #8810TDR
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Table 2 Properties of DAITAC #8810TDR

Unit #8810TDR

Peel strength at SUS N/20mm 15.0
180° angle ABS 16.0
HIPS 15.0
PC/ABS 16.0
Holding power (40°C,1kg) mm,”hr 1>
Adhesive strength at 90° angle and
constant stress 23°C, 0.3kg/10mm ABS mm,hr 6
Removability Galvanized steel Good
after 7 days PC/ABS Good
at60C - 90%RH HIPS Good

Fig. 612, ¥PE% Table 21277 L 97,
“DAITAC #8810TDR” &, FIVZ > 7V —HITH

0 3 S FHUC TS L 7@ ksl aE A & v B AN
DMLY, TEROMIHRE T — 7 L A% DOEAERE
FEME & FEREEE A ER L F L F/2, HAZ T YD
7574 (N RAR=ZE) 12X 58450 250
EBIZTC, MVIZUVORENIEAELWT EEFEFEL
TwEF,

RBEETMA — B — KX, TERD ) H A 7 VEkEH
mz <, 8 53EET 5 VOCHEKIZ b AT Lﬁﬁ
THBY, “DAITAC #8810TDR” 1, #AlF L ¥ alh
DL L-FHERREMICBIT S A4 7 VE 5 K%
UVOCIRIZEBL L TWE 3,

<FERODEL>

Ltk HALT L YL, 20084E0dt A ) Y E v 7,
0114EDT7 a7 T LERER TR EICLD, &5
AN ORENTH SN TWE T, 72, KE#EAL,
HRALS X DL DO PRSI, HAERMIC,
mﬁﬁwﬁﬁ_ﬁo%%ﬁﬂ«mégﬁéﬁm%,%
at, BB THA Y ORRFHAREEANOBIL % E AR
OHENTWVET,

WL, WA EGORE YD, AT L ok
B B EAEFENE, BEEME, VA 2 VEEom
RVOCOMPIZERLL TV FHFET T,

BEIVWEDEE
BETH
2y AT AN ER
HBENIMER T IV—T
TEL:048-722-8318
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Light Diffusion Film “LUMISTAR®” Series Pursue the Improvement of

Uniformity of LED Back Light Unit

LED/ Ny 751D RRZ B R E&BK T BHIE T )VATLUMISTAR® |2 —X

IR AT R AR
I B, R RE—

<AXONE=

W71 ATV A1, WHERETFLELZOTEMIZ
Bl S N5/ 7T ha=v b (BLU) »5HEHS
nNCwFE 3, MR T4 A7 L A FIBLUDRER M %
Fig. WAL E 7, MInH 7 « Vo, el (s
44— F (LED)) 75386k % - CTHEF & 500
LS L 222X, BLURN TOMEE %31t
5 EFEBC, ERFHOMEZ N LSS58 %
HoTWnFET,

L2 L% S, LEDWIED RS CIEHE O &\ E T
WEATBINCIET B 72, HNTOMEZEDOH %
EHIIEO THEZME %M LS 2 R
RODBENTWET,

LTI, 29 LAREZMEOM LERISHD
LT, BlEANT AT ERIEHT 4 V24
“LUMISTAR #50KS52B” L @GR~ T 14 7fF &5
7 4 Vv 4 “LUMISTAR #50KS52M” @ 2 i 7% %
FZSLE L7z,

704" kb

| ®HS 14-} (LED)

WA |
K-+

Fig. 1 /N5 T 1+ 2 7L 4 AIBLUD KX
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JePEH 7 4 v A O W X % Fig. 21278 L £ 35
“LUMISTAR #50KS52B” |, Rz MmEzm L&+
% 72912, “LUMISTAR #50KS52” (Fig. 2(a)) O
WMoNy 7EO—FHICERi BB 2 MR L 72K
Yo # Fl - e L7z b T (Fig. 2(b)) o — 7,
“LUMISTAR #50KS52M” 1%, AistiEeE Licx 51
TR 2 ER) - R L 72 b O T (Fig. 2(c)) o Z1
FNOBFEOEMIZONT, THAKLET,

@R KRAMERL

“LUMISTAR” > V) — X% ffifl L7221 > FLED-
BLUD M 534 & M (FIK & 9 pr o F¥fiE)
%Fig. 31k L ¥ 9, F72, “LUMISTAR” ¥ — X%
fEH L 72 OBLUN @ B4 G5 O W IO T
Fig. 41278 L E 9,

SehiEe 7 4 )V 2012 “LUMISTAR #50KS52” % fii J{
L72bdlx (Fig. 3(a)), KFIOLED (4 £T) Yeifures
TREZADEL oTWHONbR2Y T3, I,
O TORD G FEOLE L TR 7 1 Vv
LEREASZFOFEFEMTL720TT (Fig. 4@)o —
77, “LUMISTAR #50KS52B” # MM L7zd Dix, A
KAMEDIMELTWDEZ e DAY 7 (Fig. 3(b)) o
UL, BHICEK L7 &S bEEOELRE 25 7% 2 W E
2 BAL SR B DR E I T % 72T (Fig. 4(b)) o

ORRZRER L ESHEE 2L

WAL BL 7 4 )V 412 “LUMISTAR #50KS52M” %
AL7bold, REZWMELZMESE RS, T
WEAET L R EMELOMIZ ZERKL TV
ZEbrh T (Fig 3). ZIULENRE IS
L 72 BT 2SLED % & G & 7= & RO &
LCEBRICE L THAMPLTWwS720CF (Fig.
4©)o
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(a) LUMISTAR (b) LUMISTAR (c) LUMISTAR
#50KS52 #50KS52B #50KS52M
BEAT- 4 iy B % i R
Sk O
1
(O XX ) 26428506
Hebt -+
?) (@] L » () [4 [ @] [4] (@] 4
¥
2302 K
16 R M S R (277 6 - FIRIT) w6 B R (776 HIND
Fig. 2 JGILH7 4 )V ALUMISTAR > V) — A DI [fi[X]
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Levsn i
e AT
X EE 2, 405 cd/ni 2,153 cd/nf 2, 373 cd/nf
(HIHE 1) (100%) (90%) (99%)

Fig. 3 Y4l 7 4 )V ALUMISTAR > ) — X % {fi ] L 72BLUDFEEE 7310 & “FHy i

(@) ) ©
00000000 N o
LED P[7 LED P LED PN
BB
KAZEDF F & JESRE 256 % W SEPEZE PO & A

Fig. 4 BLUN® G655 0 &

QLEMEI TV

“LUMISTAR #50KS52B”, “LUMISTAR #50KS52M"
DEERGECRE B X ORI, 7T EYH
RICHEAMEFERoTwET, A7) — VEIRIE
RO BRIERRI E Ry, AEESCHEATD L
Vo2l TAHMEF 2 $ 7, Fig. 512a— )VIRIZfE k
FTONTHRERONEREZRLET,

<FFFDEL>
Wi TlE, HEOLCDIZHIE L7 GIEE 7 4 v A

#50KS52B

. ..'Iﬂ DK S52M “LUMISTAR” ¥V — X% HICTHALTBY 9,

Ated 2= XTI L8 ML TS0 7,

BEVWEDESE
Fig. 5 LUMISTAR #50KS52B & #50KS52M D4}l BETE SRERME TR IEALE
EM-2702 17 b
TEL:048-614-6510
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Self Adhesion Polypropylene(PP) Protective Film “DIFAREN® K8000”
PPRECHEERE 7 )L L [DIFAREN® K8000 ]

AAEHATATER
HwIE o=z, =k JE—

<AXONE=

RET A VAL, SREOWWN, 77 AF v 7K
FORERICIEA S, RERE, WkREOREN &
LTHHENDE 74 VATY, R#ET 1V 2 DREE
2, RYTAFNV, RYTFL > (PE) HEXKMED
TANVLEMICHERNE I—T 10 7 LT,
BLOZFL Y —FERYE = VILESHIIE (EVA) %
O HTOMEE A3 5 2T MR 2 PE & 6 L
HOHAERMD2Y 4 T3H ) T3,

BT VA DOWHIIE, BEL CTEXREM, &
KD BT, HEHEOIDHSH ) 325, HFEIET7 T
v RSANVT 4 AT LA DOHEGREICET S, &
IR T A AT LA (LCD) (A} % Hula 2 7 1
VA DOFHENIER L TWE T, LCDIZIEE < DRkEE
P74V ADMER S, K4 OETECHERIC
W#ET A NVLDPHHENRTVT T, &2 AH, HE
MRS A VBRI D D TROZEL S, ek b
B BVREDPEREIND LD T Lz, HicH
WERBETE T 4 v AR AR R TR A E NS,
T ANV LIEMOFEY) O L s (PP) {basEiic
FLTWET,

PE/EVADIEEN TR TH 5 HOKAER TIX, 7
4 viaT7A (FE) BFiESoBinss, 12IZHHT
A fbEhTBY, BHELZPPLOBI X IR O T
Ao L2>LPE/EVAMED 7 4 VA TIE, HEED
LM Z R L 7oA S, TR CRE R
BT BOMENO LR Lo LR Tw»
T3, I TANVLDERTH D0, HBEH~D
BiE#EED LD £5,

—J), LCDTi%;TIdEmfifitg D T2 L. FITHE
TLTVWET, A—F—TREMDIA T V%
SR CEN, BETAVLAICBWTIEIAMNEGT
AR BOHERNOBTEASEE > T T J,

M, BAREE o -2 LT & PP B n] A
g D B H AT, KO8 L WPPRAE A R 2 0 L 72
MAHEMEZEHL, AOMER T RRREREEOZE
LIz d_ ¢ “DIFAREN K8000” % BiZ il
L7z,
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<BEGDEHE>

“DIFAREN K8000” &, #i%E (al) /F:#/@
(a2) /KM (a3) D3EHENS %D (Fig. 1), &
Wi, AR (EPP RV BAVERI R, HhA5 K8 (LR ERPP
ABIROREE, S > TWwI$, HOMEMD T
M Tdh HPE/EVADIEEIZII L, &EPPRET S
ZETRD L) A H Y T,

a3
| L 1 a2
a Z

a : Self Adhesion Protective Film K8000
al: Adhesive Layer
a2: Base Layer
a3: Surface Layer

Fig. 1 Multi Layer Structure of DIFAREN K8000

QK54

LCDE# 2T U & L7z, &R - BT, el EH
BTIE, WAEMOMERFE L, Ri#E T 1 V24 DRTG
FEDHRO TEEIZR ) F9,

“DIFAREN K8000” 13, EVARBIE L 13241,
LFHEE %2 E LI WPPREIR 2 THEEE LTWw
BT EDS, WEMETORBEEMEICERLTVET,
PMMA I ICZFEDIRET 4+ VAR MEE L, HEROE
iR % B L 72354, “DIFAREN K8000” X7 ~
IHEDETANE N Ebr) 9 (Fig. 2)o 2
NI EBEMEROFLE LW 2B L TED,
e M CEIRI S O 2RI LA S A 4, R T
HBHIERRBLTNET,

DIC Technical Review No.13 /2007



L Hr AR A

42
E 40
2
E 381
= §
2 36f |
& K
w34 /
= i
= -
2 32 4
sc H : o : ; : I y =
PMMA  KB000 EVA1 EVA2 Coating Coating
blank typel type2
Types of Protective Film
Fig. 2 Wetting Tension Change of PMMA Surface
@M & *hEIFE

MR IR L Cw b 55PPid, UH OPPEE &
TLYRTAHIETHIBNEHIEST S LT
To FEA SNIHERBBIIEORM T ADSC (REE
HEERN) CTHIET AL, JUHPPEIIRORIR Y — 2~
WEA LW EDRDbroTWET, ZIIIIFERPP
&Y, JUHAPPEHROMEMEATHE S N TV AWV
EERLTVWET, D728 “DIFAREN K8000” 3,
60~ 120 C DO FE\VEJEE % 21 CTHRE 0%t (k
) NS L, BB ICEN A A A L
TwET (Fig.3)o

—8— K8000
——PE/EVA

— ra
w o
\>

Adhesive Strength [N/25mm]
& =
L .

|

initial 23°C X 1day  60°C X 1day 120°C X 10min
Heat Treatment

Fig. 3 Change of Adhesive Strength after Heat Treatment
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“DIFAREN K8000" 1%, PPAMIEHEIK D 72 o B
sPE DS <, RESEOERMEICEN T T (Table 1),
F o 5MRE, RuiEOBIREZEICLY, @EIEREIEC
S22 L HIHRETT,

Table 1 Properties of DIFAREN K8000

Properties Units K8000 PE/EVA

Thickness pum 50 50

Secant Modulus | MPa 510 380

Haze % 15 18
<IFRDEZL>

75y PRIV T 4 AT VA WS, T A~
2Nz, HBEELRSED &\ o 72K L 0 il & AT
LTBY, BEEkElH b0 LT T,
WG e, TR, SRS ORI A L) iR
L2 LB, MENOMRZ L HFESEL LT,
Z—HF—DERIHE LTV 2751 B 2 RS
TV HHETT,

BEIVWEDEE
BEFTAER
T IWLERTIV—T
TEL : 0480-48-1974
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Novel Flame Retarded Epoxy Resin “EPICLON® HP-5000”
R SEHRMET R X 21808 [EPICLON® HP-5000 |

PERETE R ) < HATALR
e I, R AR

<AXONE=

IR F UBHIRIE, BAGE&ME, BAEME, AN,
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BHTIIZIDOL ) RBEROT, BEFIEL72HE,
I TOE R % BRI & Table 112R L725EH
PRI BEN - 7 TR % V8 IF “EPICLON HP-5000"
DRFITRI L E L7,

Table 1 EPICLON HP-5000 45
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- SERERE

<pFEXEt>

REFHOSTHEE (BESX) %Fig. 1WWRLE T,

MaIRENT: [HEREHT 5 EHK] O
A2, TNFEFTERGFHTIIH LML Z L0500
Slrdl == RAKEMEAEHLE L,

GTRRENC B 2 8 L ik, BERE & LB
X O ENE (7T AEBIRE) OMKERIZH 54
MBEFMEELZ LT,

IRF VBIROMMRILIIE, TRIFEMED S V5%
PEDIRFLVEZFBLEIELEVEHTT D, K
B, BEETH A TRFVEOWZ, WM E
HAEREOET 25726 LFT, TOZRFY
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4
e B

C: FEREEH T

Fig. 1 EPICLON HP-50009 %3 T-fifi & i &

Table 2 EPICLON HP-5000D 1%, Z Ik A

HP-5000 N-655-EXP-S*
SLER KEEEE AEEE
IR¥IHE g/eq 250 201
#ibm T 59 59
TBRLFSFE (ICI/150C) dPa-s 0.7 1.3
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<BEGDEFEH>

AR O FNEIRAE % Table 2127 L ¥ 97, -8k
ik, MEIREZ M7 27 7 —WETITV,
MOT 4T FEEAMT L0, TRX IR,
WIRTHETE, WIER AR E CREi ik icEn S 2 &
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Table 3 EPICLON HP-5000 D REALH#1k: (7 14 & v 27 ffifk) *

HP-5000 N-655-EXP-S

HERE class V-0 V-1
(UL-94V, 1.6mm bar)

H7 2EGBRE T 128 148
(DMA)

R % 0.9 1.2
(85°C/85%RH/300hrs)

BRI R MPa 28 52
(260°C/DMA)

EEEE KN/m 6.9 35
(Cu peer)

IR IRIREL <Tg ppm/C 57 62

>Tg ppm/C 190 190
FER  (100MHz) 3.2 3.3
FHEIEHEE (100MHz) 0.011 0.015
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Hydrophilic Bipolar Plates “PX PLATE 510” for Polymer Electrolyte

Fuel Cell
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Table 1 PX 7L — F510D 1k
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