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Relation between Chemical Structures and Characteristics on Epoxy Resins

Ocura Ichiro

This paper presents the study of the relation between chemical structures and characteristics of
epoxy resins with respect to the technological trends in recent electronics epoxy applications and
DIC novel high performance epoxy resins. The aim of this study was to reveal this relation in order
to quickly and efficiently develop novel high performance epoxy resins without a lot of trial and
error. We reanalyzed and rearranged the data obtained by previous R&D activities from the
viewpoint of this theme in order to frame the theories described in this paper.
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Fig.1 Basic chemical structures of glycidyl ether type
epoxy resins.
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Fig.2 Relation between molecular weight and softening
point / melt viscosity on BPA type epoxy resins.
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Fig.3 Relation between molecular weight and softening
point / melt viscosity on cresol novolac type epoxy
resins (ECN).
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Fig.4 Chemical structure of dicyclopentadiene (DCPD)
type epoxy resin.
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Fig.5 Relation between softening point and melt
viscosity regarding ECN and DCPD type epoxy
resins.

Table 1 Effect of Hydrogen Bond on Viscosity
1
e OO { A O EO

R M.W. Viscosity *

-H 1,800 470 mPas

—ﬁ—CH3 1,800 380 mPas

ity : 40wt.% Buthylcarbitol solution, 25°C
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Fig.6 Chemical structure of tetra-functional

naphthalene type epoxy resin.

Table 2 Difference of Molecular Structures of Multi-
functional Naphthalene Type Epoxy Resins Derived
from DHN Isomers

Epoxidation
—_—

cat.
X + HC=0 -H0 Y ECH Z
X Z Molecular Melt viscosity at 150°C
structure Molecular distribution
H GoOG 3 dPa.s
2,7-DHN 6= < AA—J
“- oH \17 >100 dPa.s
Ho—ZS
\ [/
Except for 2,7-DHN g /WU'\/ {
/
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epoxy resins with different epoxy groups
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Vibration Vibration wave

dimension number mp =172°C il

y z em-1

mp =174°C

Al 40 -18 0 1421
B] 33 -13 0 1421
[l 35 -11_ 0 1417

All values in this table are calculated by the

prog of
and MolStudio(NEC)

Fig.7 Adjustment method of crystalline type epoxy
resin's mp by using the resonance effect among
different kinds of epoxy resin with similar structures.
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Table 3 Comparison of Gel Time between Naphthalene
and BPA Type Epoxy Resin

Gel time

Epoxy resin Acid-anhydride * Imidazole **

oI

° 321 63 sec.
>0

o)

‘l’>\/°—®—§:—3©—°\/<? 605 230 sec.

e Hardener : Acid-anhydride(MeTHPA ) ,EPICLON B-570
* Acid-anhydride Stoichiometric ratio

o Accelerator : BDMA 0.8 phr

o Curing temperature : 121°C

e Hardener : 2E4MZ 2.0phr
e Curing temperature : 150°C

** Imidazole

Fig.8 Three-dimensional chemical structure model of
naphthalene type epoxy resin with smaller steric
hindrance (plane skeleton).
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Table 4 Effect of Substituted Group at Epoxy Group on
Curability

Epoxy resin Gel time

N ° 58 sec.
(o)

Rl
o 85 sec.

CHy

e Hardener : Phenol novolac resin, PHENOLITE TD-2131(SP=80°C)
Stoichiometric ratio
e Accelerator : TPP 0.7 phr

e Curing temperature : 175°C

8r n=0.1, EEW=188

n=2.1, EEW=480

lon viscosity

f@fw@"‘@%

0 20 40 60 80 100
Curing time sec.
e Hardener : Phenol novolac resin, PHENOLITE TD-2131(SP=80°C)
Stoichiometric ratio

e Accelerator : TPP 1.0 phr
e Curing temperature : 175°C

Fig.9 Effect of epoxy group content (EEW) on curability.
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Curing time sec.
e Hardener : Phenol novolac resin, PHENOLITE TD-2131(SP=80°C)
Stoichiometric ratio

e Accelerator : TPP 1.0 phr

e Curing temperature : 175°C

Fig.10 Effect of functionality on curability regarding

phenol novolac type epoxy resins (EPN).
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Table 5 Effect of Hydroxyl Group on Curability

OO OO

n OH Gel time
0.0 400 ppm 230 sec.
0.1 6,000 ppm 130 sec.
e Hardener : 2E4MZ 2.0phr
e Curing temperature  : 150°C
GHy OH
_®_ _Q_ Do Hydrolyzable CI
CHy
o GHs OH
Q\/O—O—E;@—o\ Ll oH a - Glycol

Acid-anhydride

200 175
190 o Hardener :
170 EPICLON B-570(MeTHPA)

E Stoichiometric ratio

180 o Accelerator :
BDMA 0.8 phr
s e Curing temperature :
0.00 002 004 006 0.08 0.10 150°C
o - Glycol meqg/g

Gel time sec.
Gel time sec

0.00 0.02 004 006
Hyd.Cl meqg/g

Fig.11 Effect of impurities (Hyd.Cl and a -Glycol) on
curability.
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Table 6 Comparison of Tg among Naphthalene, BPA
and BPF Type Epoxy Resin

. Tg
Epoxy resin 5 cig.anhydride * Imidazole **
0/\<1
170 219 °C
{H-@-w 152 183 °Cc
oY a2 153 °c

e Hardener : EPICLON B-570(MeTHPA), Stoichiometric ratio
* Acid-anhydride e Accelerator : BDMA 0.8 phr
e Curing schedule : 110°C/3hr+ 165°C/2hr

o Hardener : 2E4AMZ 2.0phr

** Imidazole o Curing schedule : 150°C/2hr
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Table 7 Comparison of Tg between Tetra-functional
Naphthalene and ECN Type Epoxy Resin with
Same Viscosity

Tg

Epoxv resin Phenol novolac * Imidazole **

P/\ oo/\q

o o< 243 326 c
0O

R
Sl
n

189 214 °C

-  Hardener

* Phenol novolac
o Accelerator

: PHENOLITE TD-2131 (SP=80°C)
Stoichiometric ratio
: TPP 1.0 phr

® Curing schedule : 175°C/5hr

L]
** Imidazole Hardener

1 2E4MZ 2.0phr

e Curing schedule : 150°C/2hr

Table 8 Comparison of Tg between Normal and

Hydrogenated BPA Type Epoxy Resin

Tg
Epoxy resin Acid-anhydride * Imidazole **
OO 152 183 ¢
?>\,o-@—$'3®—o\/<? 126 70 °C

CHy

e Hardener
* Acid-anhydride e Accelerator
e Curing schedule

e Hardener

** Imidazole e Curing schedule

: EPICLON B-570( MeTHPA), Stoichiometric ratio
: BDMA 0.8 phr
: 110°C/3hr+ 165°C/2hr

: 2E4MZ 2.0phr
: 150°C/2hr

Tg (Imidazole) - Tg (Acid-anhydride)

o éy\o ’

4 Acid-anhydride

® Hardener : EPICLON B-570(MeTHPA)
Stoichiometric ratio

@ Accelerator : BDMA 0.8 phr

e Curing schedule : 110°C/3hr+ 165°C/2hr

CHy

?>\/°®—cm @0\/4’

@ Imidazole

60 -40 -20 0 20 40 60  G,ngschedule : 150°Ci2hr
Tg °C

Fig.12 Difference of Tg between imidazole system and

acid-anhydride system.
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Table 9 Comparison of Tg between Two Kinds of BPA
Type Epoxy Resins with Different E.E.W.

e O LA LA <

Tg

n E.E.W. Phenol novolac * Imidazole **
0.1 188 gleq. 145 183 °c
2.2 480 gleq. 120 130 °C
o Hardener : PHENOLITE TD-2131 (SP=80°C)
* Phenol novolac Stoichiometric ratio
e Accelerator : TPP 1.0 phr
e Curing schedule : 175°C/5hr
. e Hardener : 2E4AMZ 2.0phr
Imidazole o Curing schedule : 150°C/2hr
220
210 | | A\ ~CHa
——CH
o 200f 2
o
190
Ay
180 -
170
160 1 L 1 1 1 1 1 )
0 1 2 3 4 5 6 7 8
Functionality (=n+2)
e Hardener : Phenol novolac resin, PHENOLITE TD-2131(SP=80°C)
Stoichiometric ratio
e Accelerator : TPP 1.0 phr

e Curing schedule : 175°C/5 hr

Fig.13 Relation between functionality and Tg regarding
ECN.
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200 | DCPD ® ECN

°C

180 |

Tg

161

=3

é@o@@%é 4\—%

140 L

0 6
Cross-llnkmg densuty mmol/ml
e Hardener : Phenol novolac resin, PHENOLITE TD-2131(SP=80°C)
Stoichiometric ratio
e Accelerator : TPP 1.0 phr

® Curing schedule : 175°C/5 hr
Fig.14 Relation between cross-linking density and Tg
regarding ECN and DCPD type epoxy resin.
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10411
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CH3
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CHj CH;  CHs

Fig.15 Chemical structures of various alkyl phenol
novolac type epoxy resins.
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E.EW. gleq.
o Hardener : Phenol novolac resins, PHENOLITE TD-2131 (SP=80°C)
Stoichiometric ratio
o Accelerator : TPP 1.0 phr

o Curing schedule : 175°C/5hr * Moisture condition : 85°C/85%RH 300hr

Fig.16 Relation between E.E.W. and moisture
absorption.

20
e\e
-
2 A : Phenol
S 151 B: Cresol
=
£ C: PTBP
g 1of D: OSBP
_g :
o E: PTOP
3 05 .
B F: PCP
2 G: PDP
0.0 L 1 L L L 1 1 1
0 1 2 3 4 5 6 7 8
Hydroxyl group content in cured resin wt.%
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e Accelerator : TPP 1.0 phr
e Curing schedule : 175°C/5hr * Moisture condition : 85°C/85%RH 300hr

Fig.17 Relation between hydroxyl content in cured
resin and moisture absorption.
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Table 10 Effect of Hydrophilic Group on Moisture
Absorption

Epoxy resin

o. §Ha o
1.6 wt.%
LS :
[*]
Il

o~ )t~ oS 2.4 wt.%

Moisture absorption

o Hardener : Phenol novolac resins, PHENOLITE TD-2131 (SP=80°C)
Stoichiometric ratio

o Accelerator : TPP 1.0 phr

e Curing schedule : 175°C/5hr « Moisture condition : 85°C/85%RH 300hr

Table 11 Comparison of Moisture Absorption of Various
Naphthalene Type Epoxy Resins Derived from Mono-
and Dihydroxy Naphthalene

Epoxy resin Moisture absorption
'd ®\°/\<4‘7
b\/\(g() 1.4 wt.%
Mono-

L b% 1.5 wt.%

( MJC&Q’ 2.1 wt.%

Di- L ; <
L W 23 wt.%

o Hardener : Phenol novolac resins, PHENOLITE TD-2131 (SP=80°C)
Stoichiometric ratio

o Accelerator : TPP 1.0 phr

e Curing schedule : 175°C/5hr * Moisture condition : 85°C/85%RH 300hr
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o Hardener : Phenol novolac resins, PHENOLITE TD-2131 (SP=80°C)
Stoichiometric ratio

e Accelerator : TPP 1.0 phr
e Curing schedule : 175°C/5hr « Moisture condition : 85°C/85%RH 300hr

Fig.18 Relation between Tg and moisture absorption.
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e Hardener : Phenol novolac resins, PHENOLITE TD-2131 (SP=80°C)
Stoichiometric ratio
e Accelerator : TPP 1.0 phr

o Curing schedule : 175°C/5hr * Moisture condition : 85°C/85%RH 300hr

Fig.19 Relation between Tg and moisture absorption
regarding ECN and DCPD type epoxy resin.

Table 12 Molar Polarization and Molar Volume of

Various Functional Groups

Functional IM?Ia:_ M|° lar
group polarization volume
[ v
- 1.8 10.9
s 5.6 23.9
TCH 4.7 15.9
- 25.0 65.5
e 15.0 23.0
B 10.0 13.4
o 5.2 10.0
—OH 20.0 9.7
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e Hardener : Phenol novolac resins, PHENOLITE TD-2131 (SP=80°C)
Stoichiometric ratio
e Accelerator : TPP 1.0 phr
e Curing schedule : 175°C/5hr * Measurement condition : 25°C, 1MHz
Fig.20 Relation between E.E.W. and dielectric
constant.
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o Curing schedule : 175°C/5hr « Measurement condition : 25°C, 1MHz

Fig.21 Relation between hydroxyl content in cured
resin and dielectric constant.
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Fig.22 Relation between Tg and dielectric constant.
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Fig.23 Comparison of relation between Tg and dielectric constant
between alkyl phenol novolac type and DCPD type epoxy resins
(with different functionalities).

Table 13 Causal Relationship between Features of Chemical Structures and

Characteristics Regarding Epoxy Resins

Features of chemical structure

Characteristics

1.  Molecular weight
Stiffness / Flexibility
Symmetry

Steric hindrance
Functional group content
Functional group number

Hydroxyl group content

® N o o & W D

Impurities (Hyd.Cl / Glycol)

Resin characteristics (S.P. / Visc.)

Curability (Curing speed)

Tg

Moisture absorbing characteristics

Dielectric characteristics
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Surface Modification of Polymers by Fluorosurfactants

Takano Kiyofumi and HasHimoTo Yutaka

Fluoro surface modifiers are widely used for creating various functional surfaces based on the
unique properties of the perfluoro alkyl (Rf) group. This surface modification has the advantage that
the essential properties of the matrix polymers are not lost because the functional surfaces can be
formed by adding a small amount of surface modifiers to them. The major driving force of forming
the surface structure on this surface modification is the low surface tension of the Rf group. Two
kinds of surface modifications using the Rf group are discussed with some examples. One is that the
Rf group segregates on the top of the surface. The other is that the other functional groups except for
the Rf group segregate on it. The surface structure should be determined by a balance between the
enthalpic effect and entropic one. It is also important that the response to the ambience and the
durability of the surface structure are considered in both cases.
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Table 1 Characteristics of Hydrogen, Fluorine and Chlorine®

H F Cl
Electron configuration 1st 2s22p° 3s23p°3d°
Van der waal's radius (O ) 1.20 1.35 1.8
Electronegativity 21 4.0 3.0
lonization energy (kcal/g atom) 315 403.3 300.0
Electron affinity (kcal/g atom) 17.8 83.5 87.3
Polarizability(X,)  (10%*cc) 0.79 1.27 4.61
C-X bond distance (@) 1.091 1.317 1.766
C-X bond energy  (kcal/mol) 99.5 116 78
C-X polarizability  (10*cc) 0.66 0.68 2.58
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Table 2 Surface Composition and Critical Surface
Tension (yc)**?

Surface composition Y ¢ (MN/m)
-CF, 6
-CF,H 15
-CF,CF,- 18.5
-CF,CFCI- 31
-CH, 24
-CH,CH,- 31
-(Si(CH,),0).- 24
n
N "o N
(CHz)s (éHz)a
[
N(CHa)%cI© NCHa)a” $08
- NaCl 0. O
(2) Complexation
505 Na® 0 ©
o o GHa)z  (Gho)y
o o (?Fz)s ((I:F2>5
| | CFa CFy
((IJHz)z (C':Hz)z
(C|)F2)5 (? Fa)s
CF3 CF3

Fig.1 Scheme of complex formation: (1)poly[(acrylamido
propyl)trimethylammonium chloride]; (2)sodium[bis(per
fluorohexylethyl)-2-sulfosuccinate]; (3)stoichiometric

poly electrolyte surfactant comple]*.
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Fig.2 Packing distance of the different lengths of
side chain in poly(perfluoroalkylethylacrylate).
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Fig.3 Dynamic contact angles on the films
of poly(perfluoroalkylethylacrylate)®.
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Fig.4 Fis / Cis values of PFAA /AA copolymers in the
drying and hydrating state by freeze etch XPS.
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Fig.5 Schematic representation of the surface modification by Rf group; (a)surface
modification Rf group segregates on the top of the surface. (b)surface modification
the other functional group except for Rf group segregates on the top of the surface.
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Table 3 Atomic Content(atm.%) on Modified Fluoro
Paint Surfaces Detected by the XPS Analysis

F O C Si

Fluoro paint 28.0 10.0 62.0 -
Fluoro paint +FEO-1 32.9 8.5 58.6 -

Fluoro paint + silicate 129 317 471 83
Fluoro paint + silicate + FEO-1 9.2 38.3 423 10.2

Fluoro paint *C-0
*CFz-(CH3)

Intensity (au.)
nN

Fluoro paint + silicate

284 202

200

88

Fluoro paint + silicate + FEO-1

FEO-1 : Fluorinated acrylic oligomer
with polyethylene oxide chain

Binding Energy (eV)

Fig.9 C. spectra by XPS on modified surfaces of fluoro

paint.
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Fig.10 Preparation route of the fSgEO copolymers,
where the styrene and grafted units in the backbone
copolymer were distributed statistically®.
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Fig.11 Percent EO units vs sin(TOA) as determined
from data in the C region. The dashed line indicates
bulk concentration®. TOA; Takeoff angle.
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Pretreatment of Analytical Samples with High-Frequency Heating
KuriHArRA Kenji, TsucHiva Fumiyo, Takaba Kanako and SHoa Tadao

We have developed a new method for the extraction of low molecular weight compounds in a polymer
resin and created a new convenient instrument for this method. This method assists us with the
identification of a sample and its ingredients by quickly heating the sample in the instrument. The
procedure called’ thermal extraction” is elucidated as follows: first, the sample is inserted into the
bottom of a small glass tube vessel. The inlet is then sealed and a small strip of ferromagnetic alloy
is placed around the tube containing the sample. Next, a high-frequency is generated around the
alloy for several minutes. The temperature of the sample in the tube rises to a constant temperature,
which is determined by the characteristics of the alloy sample. Finally, the opposite end of the tube
is cooled and it is cut off at the center. Condensed low molecular weight compounds, vaporized
during the heating process, are collected and diluted with solvent. By applying this technique to
resins, we have extracted many compounds, such as fatty acids, UV absorbents, antioxidizing
agents, and plasticizers. These compounds were identified using the gas chromatography-mass

spectrometric method without any damage to the instrument.
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Fig.2 Procedure of sample treatment with
“ QUICKER 1010” .
1: Sample, 2: Glass wool, 3: Ferromagnetic alloy,
4: Gum-tip, 5: QUICKER 1010, 6: Safety guide,
7: Vaporized ingredient, 8: Cooling, 9: Cut off,
10: Solvent.
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Fig.3 Total ion chromatogram of an extract from a
polystyrene treated at 28001 for 15min. The extract
was trimethylsilylated with Bis(trimethyl-
silyl)trifluoroacetamide.

1: Trimethylsilyl hexadecanoate,
2: Trimethylsilyl octadecanoate.
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Fig.4 Total ion chromatograms of extracts from three
containers made of Polycabonate treated at 2800 for
15min.

0 p-Hydroxyacetophenone,

0 2,6-di-tert-Butylphenol,

0 Unknown, O p-tert-Butylphenol,
O Diphenyl carbonate.
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Fig.5 Total ion chromatograms of fatty acid methyl

esters extracted from a Polystyrene resin, which

contains fatty acids, and metal salts of fatty acids by

methanol addition thermal extraction method (3150

/5min).

Upper: Methanol added thermal extraction

Lower: After methanol added thermal extraction,
methanol was removed from the extract, followed
by trimethylsilylation with Bis(trimethylsilyl)tri-
fluoroacetamide.

A: Methyl hexadecanoate, B: Methyl octadecanoate,

C: Trimethylsilyl hexadecanoate,

D: Trimethylsilyl octadecanoate.
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antioxidant in a Polyethylene/Ethylacrylate resin by
methanol added thermal extraction at 3150 for
3min.

1: Methyl hexadecanoate, 2: Methyl 3-(3,5-di-tert-
butyl-4-hydroxyphenyl) propionate (MP), 3: Ethyl 3-
(3,5-di-tert-butyl-4-hydroxyphenyl) propionate (EP),
4: Methyl octadecanoate, 5: Ethyl octadecanoate.
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Fig.7 Total ion chromatograms of a Polybutylene
terephtalate resin by alcohol addition thermal
extraction at 2800 for 3min.

A: 1,4-Butanediol, B: Dimethyl terephthalate,
C: Diethyl terephthalate.
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Fig.9 Schematic diagram of evolving gas analysis
method from materials using a gas detector tube
with “* QUICKER 1010” .

1: Carrier gas, 2: Gas-flow controller, 3: Stand,
4: Sample, 5: Pyrofoil, 6: QUICKER 1010”,
7: Gas detector tube analyzer.
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Fig.10 Trace gas analysis of phosphine from a
resin using a gas detector tube analyzer with
“ QUICKER 1010” .
Sample amount: 260mg, flow-gas: He
30ml/min, temperature/time: 2550 /10min.
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Table 1 Quantitative Analysis of Tinuvin 327 from
Polyethylene Resin Extracted with 1ml of Hexane at
1600

Exp No. E_xtracti_on Contents Recovery
time (min) (ppm) (%)
1 30 2330 104
2 30 2260 100
3 30 2240 99.6
4 90 2220 98.7
5 90 2230 99.1

Sample amount: 20mg (freeze powdered)
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Fig.12 Total ion chromatograms of a trimethylsilylated
hindered phenol,
Bis(trimethylsilyl)trifluoroacetamide by "QUICKER
1010".

Reaction condition: 1.3mg of a sample, 0.25ml of

trimethylsilylated with

acetonitril and 0.03ml of
Bis(trimethylsilyl)trifluoroacetamide at three
temperature and time conditions: rt/100min; 1700
/5min; 1700 /15min.
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Physical Properties of Fluoro-Substituted 4-Cyanophenyl-4-Alkylbenzoates and

their Application to STN-LCD

Subo Go, Kaneovya Masakazu, Kurivama Takeshi, Kawakami Shotaro,

TakeucH! Kiyofumi and Takatsu Haruyoshi

The physical properties of fluoro-substituted 4-cyanophenyl-4-alkylbenzoates have been Measured.
The effects of the introduction of fluoro-substituents on Ae , the viscosity and frequency dependence
of Ae are discussed. Moreover, the LC mixtures for STN-LCD with a low driving voltage, fast
response time, less temperature and frequency dependence were obtained.
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Table 1 Structure of Fluoro-Substituted 4-Cyanophenyl-4-Alkylbenzoates

X1 Y
R COO CN

X2 Y
Component a b c d e f g
X H H F F H F F
X, H H H F H H F
Y. H F F F F F F
Y, H H H H F F F
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Table 2 Composition and Properties of a Host
Mixture

Mixture Ratio
(wt%)

R—@—(‘EC—@—OR 10

Structure

T CO 95.8
An 0.129

Ae 5.0
VthO VO 2.49
M mPalsO 12.3
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ooomooooOoooOoomoooooooan
O0de O000O0OO0O0OO0OOOODOCOODOOOO
Oo0OoooooocovthDOoOOO000Ae OO
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Table 3 Properties of Sample A-G

Sample A B C D E F G
TwO OO 89.0 84.6 85.9 82.0 82.4 82.0 79.3
An 0.133 0.131 0.130 0.127 0.128 0.128 0.125

Acg 7.1 8.0 8.2 8.3 9.5 10.9 9.6
VthO VO 2.06 1.89 1.82 1.79 1.69 1.62 1.63
n OmPalsO 13.6 13.3 13.6 135 13.3 13.3 135
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Table 4 STN Characteristics of Mixture M,-M, at 250

Ma Ms Me M Me M Mg

Vith(V) 1.76 1.46 1.41 1.45 1.39 1.44 1.38
V50(V) 1.84 1.52 1.47 1.50 1.46 1.50 1.44
Vsat(V) 1.89 1.54 1.49 1.52 1.49 1.53 1.47
y 1.069 1.054 1.056 1.049 1.072 1.063 1.065

T (msec) 173 199 222 243 198 160 188
Vop(V) 1.92 1.59 1.52 1.55 1.52 1.54 1.50

Table5 STN Characteristics of Mixture M.-M, at -200]

Ma Ms Me Ma Me M Mg

Vith(V) 2.07 1.81 1.78 1.76 1.65 1.52 1.46
V50(V) 2.11 1.86 1.82 1.81 1.70 1.59 1.53
Vsat(V) 2.13 1.90 1.86 1.84 1.74 1.62 1.56
y 1.032 1.047 1.046 1.047 1.056 1.060 1.068

T (msec) 7737 7976 10221 9852 6676 4423 5414
Vop(V) 2.18 1.93 1.91 1.85 1.77 1.66 1.60

Vih =7_C\/K11+(K33—2K22)/4 0@
&A €
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Fig.1 Frequency Dependence of Ag .
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Table 6 Temperature Dependence of Vth

Ma My M. My Me Ms My
Vthz" (V) 1.76 1.46 1.41 1.45 1.39 1.44 1.38
Vth2 (V) 2.07 1.81 1.78 1.76 1.65 1.52 1.46
(Vth#"-Vth#")/450 1000
6.9 7.8 8.2 6.9 5.8 1.8 1.8
Omv/O0
Table 7 Frequency Dependence of Vth
Ma Mb Mc Md Me Mf Mg
Vthioorz (\/) 1.84 1.60 1.54 1.58 1.44 1.46 1.42
Vthsoorz (\/) 2.62 2.33 2.28 2.30 2.00 1.74 1.68
Vthsooon_VtthOOHz
( ) 0.42 0.46 0.48 0.46 0.39 0.19 0.18

/ Vth 1000Hz
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Design and Optical Property of Polymerizable Rod-Like Liquid Crystals

Kawamura Jouji, Hasese Hiroshi and Osi Naoki

Optically anisotropic materials play an important role in some information technologies. We can
obtain many kinds of high performance optically anisotropic materials such as retardation films by
in-situ polymerization of oriented polymerizable liquid crystals. Thick retardation films made from
some of the liquid-crystalline monoacrylates show relatively high haze. We synthesized a novel
swallow-tailed UV-curable liquid-crystalline compound in order to decrease the haze. Compositions
containing liquid-crystalline monoacrylates and a swallow-tailed compound show nematic phase at
room temperature. Optical anisotropic films made from these compositions show significantly low
haze. We studied influence of curing processes including UV intensity and total UV light energy for
the curing on the transparency and retardation of the films. Diffusion transmittance reduced as
increasing either intensity or total energy of UV irradiation. It was suggested that haze was caused
by light scattering from small regions of differing refractive index. Retardation of these films
decreased as increasing not only intensity but also total energy of irradiated UV light. Retardation
and total transmittance showed opposite behavior against intensity and total energy of UV

irradiation.
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Table 1.1 Chemical Structures of Liquid-Crystalline Monoacrylates

M1
VJ\O/O_O/\/\

M

M2
M4 o
e OO

Table 1.2 Physical Properties of Liquid-Crystalline Monoacrylates

Compounds (wt%)
M1 M2 M3 M4 Tni (°C) An
" A |50 50 56.7 0.075
.§ B |333 33.3 33.4 54.2 0.126
g C 50 50 46.3 0.152
g D 40 40 20 64.8 0.186
© E |- 475 475 5.0 52.0 0.160

Tni: Nematic-Isotropic phase transition temperatured A n: Birefringence
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Table 2 Chemical Structures and Phase Transition Temperature of Liquid-Crystalline Diacrylates

Chemical Structure Phase Transition

O™ o@_o O
M5 /T °‘©_<o O@M \‘rf\ C 115 (Sc 87) N 155 I

O H
M6 /\lg o+ )4 O@OWO\H/\ C87Sx145N 1701
(o} (o}

M7 o Q S"@“’) <:> o C86N 1161
Z NN TN NN AN
/\n/ o S 4 o \ro]/\

(e]

o—
O
M8 /\fo( ° . . °)_©_o/\/\/\/0m/\ C82Sc85Sx91N 1021
(o] o

C: Crystal, Sc: Smectic C phase, Sa: Smectic A phase, N: Nematic phase, I: Isotropic phase,
(Sc87): Monotropic smectic C phase reveled at 87°C during cooling process
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Fig.4 Chemical structures of novel liquid-crystalline multifunctional monomers.

Table 3 Physical Properties of Novel Liquid-Crystalline
Composition and Haze of the Optically Anisotropic Films

Weight Ratio Tni An Haze
(Wt%) @) (%)
F C:M9=90:10 47 0.147 6.2
G C:M9=80:20 48 0.146 2.1
H C:M9=70:30 50 0.143 15
| C:M10=90:10 47 0.15 12.2
g J C:M10=80:20 49 0.15 5.6
£ K C:M10=70:30 51 0.15 7.9
é— L C:M11=90:10 50 0.156 | 115
8 M C:M11=80:20 55 0.161 9.7 Composition C Composition H
N C:M12=90:10 49 0.155 | 16.8 Fig.5 Microscopic observations of the optical
0 C:M12=80:20 56 0.161 | 12.9 anisotropic films.
P C:M12=70:30 61 0.163 55
C C=100 46.3 0.152 13
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Physical Properties and Morphology of the Pigmentation Polypropylene

Composite

SHiraiwa Nobuhiro, UcHimi Hideki, Gotou Hiroki, Matsumoto Shigeru and Amemiva Akiko

Polymer composites with unique attributes are becoming popular for industrial products. The PPF
composite developed for automobile component parts consists of polypropylene, an elastomer and
talc and is desired to have improvements in the physical properties, parts performance, process
ability by high pigmentation as well as coloration. The effect of various pigments on the physical
properties, morphology and parts performance was estimated in this report. Organic pigments
change the mechanical properties, the dimensional stability of the PPF composite and the change
influences the design of automobile parts with respect to mechanical properties, lengthwize accuracy
and others. An NMR analysis and morphology investigation using a transmission electron
microscope showed that pigments are distributed only in the ingredient elastomer but have a great
influence upon crystallization of another ingredient, polypropylene.
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Classification Hue Chemical structure Cl Pigment No. Abbreviation
Inorganic Pigment

White Titanium dioxide rutile TiO2 Pigment White 6 W6

Yellow Titanium yellow (Sb,Ni,Ti) oxide  Pigment Yellow 53 Y53

Yellow Titanium yellow (Sb,Cr,Ti) oxide = Pigment Brown 24 Br24

Brown Ferric oxide Fe203 Pigment Red 101 R101

Black Ferric oxide Fe304 Pigment Black 11 Bk11
Organic Pigment

Yellow Isoindolinone yellow Pigment Yellow 137 Y137

Red y -crystal form Quinacridone Pigment Violet 19 y V19

Violet Dimethylquinacridone Pigment Red 122 R122

Violet B -crystal form Quinacridone Pigment Violet 19 B V19

Green Chlorinated phthalocyanine Pigment Green 7 G7

Blue Monochlorinated phthalocyanine  Pigment Blue 15:1 Blul5
CarbonBlack

Black weak alkaline Carbon black Pigment Black 7 Bk7B

Black acidic Carbon black Pigment Black 7 BKk7A

Table 2 Test Method for Mechanical Properties & Melt Flow

ltems Unit

Test method & test piece shape

Mechanical property

notch:after molding

Flexural strength MPa
piece width:1/4"
Flexural modulus MPa
piece width:1/4"
Izod impact strength J/m ASTM D256, 230C
piece width:1/4"
Heat distortion C ASTM D648, load:1.82MPa
temperature(HDT) piece width:1/4"
Melt flow
Melt flow rate(MFR) gr/10min ASTM D1238

equipment:melt indexer
melt temp.:2300C, load:2.16Kg

ASTM D790, 230C, strain rate:2.5mm/min

ASTM D790, 230C, strain rate:2.5mm/min
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Table 3 Test Results of Mechanical Properties & Melt Flow for Coloured Composites

Material MFR Maximum flexural strength  Flexural modulus  1zod impact strength HDT
gr/l0min % MPa % MPa % J/im % g %
N-COMP 32.8 100 35.9 100 2560 100 235 100 68.9 100
PEO.5 33.3 101 36.0 100 2490 97 243 103 67.2 98
PE1.0 324 99 355 99 2390 93 269 114 68.8 100
“W6-COMP 318 97 361 101 2510 98 249 106 683 99
Y53-COMP  31.3 95 35.9 100 2460 96 240 102 67.0 97
Br24-COMP  31.7 97 35.7 99 2460 96 241 103 69.0 100
R101-COMP 32.3 98 36.3 101 2540 99 242 103 70.0 102
Bk11-COMP 32.6 99 36.0 100 2510 98 242 103 67.5 98
Y137-COMP 307 94 378 105 2600 102 238 101 712 103
y V19-COMP 31.5 96 35.2 98 2280 89 287 122 67.8 98
R122-COMP  28.2 86 36.5 102 2470 96 218 93 68.8 100
B V19-COMP 30.2 92 36.8 103 2560 100 218 93 68.8 100
G7-COMP 34.8 106 35.7 99 2400 94 252 107 68.9 100
Blul5-COMP 31.9 97 35.8 100 2440 95 234 100 68.2 99
Bk7B-COMP 311 95 357 99 2390 93 283 120 675 98
Bk7A-COMP 324 99 354 99 2370 93 281 120 67.8 98

COMP:extruded uncolored composited PEO.5:L MWPE 0.5wt% added composite
PE1.0:LMWPE 1.0wt% added composite[] O -COMP:pigment0.5wt%+LMWPE 0.5wt% added composite

LMWPED Low molecule weight polyethylene

140
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Fig.1 Relationship between flex. modulus and impact strength of compsite.
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Table 4 Test Results of Mold Shrinkage of Coloured Composites

Mold direction(MD) Traverse direction(TD)

. . ] Shrinkage Shrinkage
Material shrinkage shrinkage . .
ratio difference rate
% %

N-COMP 0.613 0.771 0.80 -26
PEO.5 0.613 0.773 0.79 -26
PE1.0 0.614 0.771 0.80 -26

- wWe-CcOMP o619 0780 079 26
Y53-COMP 0.615 0.771 0.80 -25
Br24-COMP 0.627 0.786 0.80 -25
R101-COMP 0.622 0.780 0.80 -25
Bk11-COMP 0.631 0.793 0.80 -26

Y137-COMP 0595 0802 074 35

y V19-COMP 0.597 0.881 0.68 -48
R122-COMP 0.654 0.796 0.82 -22

B V19-COMP 0.629 0.822 0.77 -31

G7-COMP 0.625 0.809 0.78 -29

Blul5-COMP 0.610 0.860 0.71 -41

'BK7B-COMP o617 o776 080 26

Bk7A-COMP 0.622 0.789 0.79 -27
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Fig.2 Analytical result of FID curve of composite
(y V19-COMP).

Table 5 Observation for Crystal Change of PP by X-ray Diffraction

MD diffracted intensity

TD diffracted intensity (C+D)/2

Material PP Talc PP/talc
(14.40) (19.20) ratio=C

PP Talc PP/talc

(14.40) (19.20) ratio=D

Y53-COMP 4736 4190 113
R101-COMP 2596 1846 141
Y137-COMP 4404 4384  1.00
y VI9-COMP 3344 3096  1.08
B V19-COMP 2698 2332  1.16
BIul5-COMP 2944 2829  1.04

Bk7B-COMP 4564 3764 121
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Table 6 Phase Component Ratio of PP by Spin-Spin Relaxation Time Measurement
Material T2(Solid-echo method)

Crystal phase Interfacial phase Amorphouse phase

Int % T2p s Int % T2p s Int % T2p s
N-COMP 73.6 11.36 10.7 124.03 15.7 470.38
PEO.5 69.5 12.08 12.6 95.24 17.9 469.20
PE1.0 69.2 12.08 12.0 96.93 18.9 465.04

~ W6-COMP 719 11.37 11.6 13590 164  490.00
R101-COMP 69.1 12.02 11.2 99.40 19.8 418.30
Bk11-COMP 60.5 10.31 39.5 16.81

© Y137-COMP 726 1151 10.6  133.63 16.8 49345
y V19-COMP 63.5 12.89 13.9 68.85 22.6 441.87
R122-COMP 65.5 12.69 12.5 80.00 22.0 442.20
B V19-COMP 68.7 12.26 11.6 100.78 19.7 452.90
G7-COMP 65.7 12.72 12.6 84.56 21.8 467.18
Blul5-COMP 64.4 13.13 13.7 76.49 21.1 455.11

~ BK7B-COMP 711 11.47 108  116.84 182 48448
Bk7A-COMP 71.6 11.73 104 111.07 18.0 465.12

Table 7 Phase Component Ratio of PP from Calculation in Average Relaxation Time

Material T2(Solid-echo method)
Crystal phase Interfacial phase ~ Amorphouse phase A
A Intx T2 A Intx T2 A Intx T2 >
N-COMP 8.36 13.27 73.85 95.48
PEO.5 8.39 12.00 83.99 104.38
PE1.0 8.23 11.63 87.89 107.75
- weComMP 818 1576 8036 10430
R101-COMP 8.31 11.13 82.82 102.26
Bk11-COMP 6.24 6.64 12.88
 Y137-COMP 836 1946 8290 11072
y V19-COMP 8.19 9.57 99.86 117.62
R122-COMP 8.31 10.00 97.28 115.59
B V19-COMP 8.42 11.69 89.22 109.33
G7-COMP 8.36 10.65 101.84 120.85
Blul5-COMP 8.46 10.48 96.03 114.97
- BK7B-COMP 816 1262 8818 10896
Bk7A-COMP 8.40 11.55 83.72 103.67
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!k ; ~—400nm
Fig.3 TEM photograph of composite added
with carbon black BK7A.

F «~->100nm
Fig.4 TEM photograph of composite added
with carbon black BK7A.

- «—=100nm
Fig.5 TEM photograph of composite added

with carbon black BK7B.

; . . «==100nm
Fig.6 TEM photograph of composite added

with titanium dioxide W6.
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«—==100nm

Fig.7 TEM photograph of composite added
with ferric oxide R101.

«=>100nm

L - AR

Fig.8 TEM photograph of composite added
with ferric oxide Bk11.

«—==100nm
Fig.9 TEM photograph of composite added
with chlorinated phthalocyanine G7.

«=>100nm

Fig.lO TEM photograph of composite added

with monochlorinated phthalocyanine Blul5.
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Viscoelastic Measurement in High Frequency Range with
New Rheometer Based on Mechanical Impedance Analysis

Horicome Misao and Matsumoto Hiroomi

A new rheometer measuring the viscoelasticity of liquids at high frequencies with a surface loading method
was constructed and applied to a waterborne polymer. An impedance head that could simultaneously detect
force and acceleration was employed in this rheometer. A small glass plate was attached to a vibrator
through the impedance head. The mechanical impedance of the liquids was evaluated based on the difference
between the transfer functions for the two cases, one with the plate being immersed in the sample and the
other with the plate in air. The storage and loss moduli were then calculated from the mechanical impedance
as a function of frequency in the range of 102 to 10’ rad s*. As a calibration, the moduli data for a solution of
polystyrene in diethylphthalate obtained with this rheometer were compared with those using a conventional
rheometer. Agreement between the two sets of data indicated a good performance for the new rheometer. The
viscoelasticity of aqueous solution of the associating polymer was determined at frequencies of 10° - 10* rad s*
with this rheometer and at 10* - 10° rad s* with a conventional rheometer. This associating polymer solution
was found to possess a single relaxation viscoelasticity.
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Fig.7 Dependence of G' and G" on w for aqueous
solution of associating polymer. Open symbols
are results from conventional method and filled
symbols are from mechanical impedance analysis.
Solid lines are the best fit with Maxwell model.
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New Bonding Method of Optical Discs such as DVD-RAM

Ebisawa Shouei, Tsunematsu Norio, Ito Daisuke, Ooshima Kiyoshi,

Matsumoto Masaaki and Hashimoto Keiichi

A new bonding process has been examined for optical discs such as DVD-RAM. The cationic UV
curable resin is used as an adhesive in this method. The UV irradiation is applied directly to the
resin while the resin is falling from the tip of the dispenser nozzle to the surface of the disc
substrate. The big advantage of this method is that the bonding process is completed without any
direct UV irradiation to the disc substrates. Bonding experiments were performed and the
fundamental properties of the bonded discs were measured. The chamber test of the bonded discs
was also performed and it was shown that those discs were at practical level even after the test.

1 Introduction

Currently, there are mainly three practical
bonding methods for DVD. The Spinning method?
uses a radical UV resin, the Screen printing
method? uses a cationic UV resin, and the Sheet
method® uses a double-sided adhesive sheet. Each
method has advantages and disadvantages,
although using UV resin is advantageous because it
provides heat resistance in the bonded discs and
has a low cost. However, the Spinning method can
not be used in the case of double-sided DVD-RAM
because the UV transmittance of the information-
recording layer is practically near zero. Moreover,
direct UV irradiation to the disc substrates by the
Screen printing method may damage the
information-recording layer, especially in the case
of DVD-R. Considering these problems, we have
examined a new bonding method that does not
involve direct UV irradiation to the substrates or
the information-recording layers.

2 New bonding method
2.1 UV irradiation and resin application process
Fig.1 shows the UV irradiation and resin
application process, which is the first step of the
whole process in the new method. A cationic resin
is used as an adhesive as well as in the Screen
printing method.
However, the UV irradiation to the resin is
performed before the application. Moreover, the UV

DIC Technical Review No.7 / 2001

irradiation is applied directly to the resin while the
resin is falling from the tip of the dispenser nozzle to
the surface of the disc substrate. The big advantage
of this method is that the disc bonding process is
completed without any direct UV irradiation to the
disc substrates or the information-recording layers.
The UV exposure energy to the resin is estimated
as follows. The initial velocity of the falling resin v
at the tip of the nozzle is given by

v=aw/(mdp T) (mis) - (1),

Fig.1 UV irradiation and resin application process in
the new bonding method.
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where w is the dispensing quantity of the resin
in kg/disc, d is the inner diameter of the nozzle in
m, p is the density of the resin in kg/m®and T is the
time period of the resin application, respectively.
Based on free-falling model in the law of motion,
the transit time A t of the resin, the period during
which the surface of the falling resin receives UV
energy from the light source, is given by

At=(VIGL+V2-v)/g (s) —(2),

where g is the gravitational acceleration 9.8 m/s?
and L is the arc-length of the straight UV lamp in
m, respectively. If the UV dose rate is constant
along the linear falling orbit, and the gap between
the horizontal position of the nozzle's tip and the
upper end of the arc-region of the UV lamp is
negligible, the UV dose to the resin E in J/m?
simply becomes IA t, where | is the UV dose rate at
the falling orbit in W/m?, or is given by using
equation (1) and (2) as follows:

E=f(l,w,d,p,T,L)

[V ZGL+(awT (it d?p TYJ-4wi(rt dp )
g

(3/m?) —-- (3)

Fig.2 shows the UV dose as a function of the
diameter of nozzle d and the applying time T,
which was calculated based on the equation (3)
when L is 0.254 m, w is 0.5 x 10°% kg/disc, p is
1.06x 10° kg/m?, and I is 3.6x 10* J/m2.

As shown in Fig.2, the UV dose rapidly increase
when d is less than around 0.5% 10°*m and T is less
than around 2 seconds, however, it has a tendency
to be saturated in the region of over those values.

2.2 Continued process

Fig.3 shows the remainder of the process. After
the UV-exposed resin is applied to the substrate in
the shape of a ring, another substrate is put on top
without delay, while the resin remains in a liquid
state. This method, called the Two-plate method® is
shown in Fig.3(a). The top substrate should be
applied gradually or step by step to avoid producing
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applying time T (sec) z:

UVdose E/m®) — __— [ ——0

X10° =

--h“"a-_____\_éﬂq_--- Y
04 diameter d (m)

Fig.2 UV dose to the surface of the falling resin
calculated on equation(3).

bubbles in the adhesive layer. Then, as shown in
Fig.3(b), both substrates are pressed together until
the spread resin reaches a few millimeters from
inner and outer edges of the bonded disc. Finally,
the bonded disc is put on a plain plate, as shown in
Fig.3(c), and kept the stationary to achieve the
complete spread of the resin and make a good
flatness. This condition is kept until the
polymerization of the resin is completed, suitably
within 10 minutes.

2.3 Requirement of resin properties

The rate of increase in the viscosity of the resin
after UV exposure is important in this process. If
the curing rate is too fast, the spread of resin
between two substrates can not be completed. On
the contrary, if the curing rate is too slow, the cycle
time of the process becomes longer. The initial
viscosity is also important, since an excessively low
viscosity may cause the resin to easily come out
from the disc's edges and causes cosmetic defects.
Both properties should be adjusted properly to
satisfy the process.

3 Experimental
3.1 UV irradiation apparatus

Model F450V and DRT-10T were used as the UV
irradiator and UV light reflector, respectively. The
light source was a D-bulb with an arc-length of 10

DIC Technical Review No.7 / 2001
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(a) Lamination

g 4,080

T T T 0
(b) Pressing

(c) Aging

Fig.3 Continued process.

inches (0.254 m). DRT-10T has an elliptical
cylindrical mirror on its inner wall, which allows
the UV energy to be efficiently distributed on the
surface of the falling resin. Based on the
manufacturer's data, the maximum UV dose rate I,
integrated over a wavelength range of 240 - 400
nm, is 7.1x 10* W/m? when it is operated at the
maximum rate of 1.2 x 10* W/m. The uniformity of
light along the longitudinal direction of the lamp is
fairly good due to the existing extra reflective
mirrors. As a result, the average UV dose rate is
about 90 % of the peak value.

3.2 Material preparation

The adhesive resin used in the bonding test was a
cationic UV curable composition that shows
retarded cure, consists of mainly epoxy resins with
a glycidyl ether group and small amount of cationic
photoinitiator. Epoxy resins with low chlorine
content were specifically chosen to prevent
corrosion of the reflective layer, such as aluminum
(AL) on DVD. The initial viscosity is 440 mPa.s at
298 K (250) and the gravitational densityp is
1.06x  10° kg/m:. The reaction speed of the
composition after UV exposure was adjusted to
satisfy the bonding process moderately.

DIC Technical Review No.7/ 2001

3.3 Dispenser

To achieve an accurate application of the resin,
the plunger-type dispenser with a servomotor was
used. T, d, and w in equation (1) were chosen as 3.0
s, 0.051x 102 m and 0.5x 10 kg/disc, respectively.
Based on equation (1) and (2), the initial velocity v
and the transit time A t became 0.77 m/s and 0.16
S, respectively.

3.4 Methodology

Since the DVD-RAM substrates could not be
obtained easily, some DVD-ROM substrates with
the AL information-recording layer were prepared.
SD-523 (Dainippon Ink and Chemicals, Inc.) was
used as a protective lacquer for the AL layer. The
thickness of the protective layer was about 8y m.
The lamp-input rate was 8.4x 10° W/m, or 70 % of
the maximum rate of F450V. Considering the
uniformity of UV dose rate as mentioned in 3-1, if
UV output is assumed to be proportional to the
lamp-input rate, the average UV dose rate became
about 4.5x 10* W/m2. Then, the UV dose E was
estimated as 0.72x 10* J/m? based on equation (3).
30 pieces of discs were bonded, and then the PI
error and the mechanical properties such as radial
and tangential tilts were evaluated. Chamber tests
were also performed with the condition of both 343
K(700)-50%RH-96hr and 353 K(800)-95%RH-96hr.
Tilt and PI error were measured according to the
DVD-book. (http://www.dvdforum.org)

4 Result and discussion
4.1 Ring form and thickness distribution
of the resin

Fig.4 shows the ring form when the UV-exposed
resin was applied on a substrate. The head of the
ring has a tendency to be a little fat. It is
considered that this phenomenon is derived from
the surface tension of the resin.

Fig.5 shows the thickness distribution of the
adhesive layer measured by 3D-thickness
inspection system TMS-901 (Dainippon Ink and
Chemicals, Inc.). The uniformity of the thickness is
not so good and the maximum variance of the
thickness in the layer is over 40u m. However,
since the curing speed of the resin was adjusted
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Fig.4 Ring form of the cationic resin, which is
applied on the disc substrate.

well to suit the bonding process, both inner and
outer edges of the disc had no cosmetic defect.

The spinning method was also tried to spread the
resin between two disc substrates. Fig.5(b) shows
the result of the thickness distribution on this
method. The rotation speed and the time period of
the process were 7,500 m?* and 5 seconds,
respectively. It is found that the uniformity of the
thickness is fairly improved by the way of spinning.
The variance of the thickness is less than 20y m,
and it can be satisfied even with the specification
limit of DVD-9, which is a single sided double layers
format in DVD-ROM. However small amounts of
resin come out from the edge of the bonded disc due
to the high-speed rotation, and those resins cure in
the collecting vessel in several minutes. Since the
cured resin can not be recycled in the bonding
process, the spinning method may be hard to use in
the practical manufacturing process in general.
However the fact of a good uniformity on thickness
as shown in Fig.5(b) is pointing out that even the
UV-exposed cationic resin can be spread as good as
in the radical UV curable resin in the conventional
spinning bonding method.

4.2 Chamber test

Table 1 shows the experimental results before
and after the chamber test. After the chamber test
at 343 K(700 )-50%RH-96hr, though both radial
and tangential tilt were slightly increased, the PI
error did not show any change. On the other hand,
after the conditions of 353 K(80O )-95%RH-96hr,
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(b) Spinning method
Fig.5 Thickness distributions of the adhesive layer
between two substrates.

the tilts were more increased and the Pl error
became almost double the initial value. It is
showing, however, all discs are still within the
specifications based on DVD-RAM Ver. 1.9.

4.3 Traces of the resin

Fig.6 shows the traces of the resin when it was
spread between two substrates. They were observed
by shadowgraph LX135S (Mizojiri). Fig.6(a)
corresponds to the new method that UV irradiation
was done while the resin was falling, while Fig.6(b)
corresponds to the normal method that UV
irradiation was done after the resin application on
a substrate. The UV dose was the same 0.72x 10*
J/m? in both methods. The trace of the resin can be
observed distinctly in the normal method, but
hardly in the new method. Even the polymerization
seemed to be not completed in the normal method.
It can be presumed for this phenomenon that the
UV irradiation was not performed efficiently in the

DIC Technical Review No.7 / 2001
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Table 1 Tilts and PI Error of the Bonded Discs

Chamber Test (n = 30)

Substrates
Iltem Before After
0.6 mm
...... 700 -50%RH-96hr 800 -95%RH-96hr
Radial Tilt (degree) 0.7+ 0.2 0.30+ 0.05 0.32+ 0.05 0.40+ 0.06
Tangential Tilt (degree) 0.3 0.1 0.15+ 0.05 0.16+ 0.06 0.19+ 0.07
Pl Error not evaluated 5+ 3 5+ 3 10+ 5
normal method. Moreover, a cause of the traces is Note

regarded as that the viscosity of the resin increased
partially in near surface of the applied resin. On
the other hand, in the new method, the UV-exposed
resin itself must have been mixed with its inner
portion when it was applied on the substrate. Then
it can be presumed that the partial increase of the
viscosity of the resin was eliminated.

5 Conclusion

A new bonding method for optical discs was
examined. The cationic UV curable resin is used in
this method, and the UV irradiation is applied
directly to the resin in space while the resin is
falling from a tip of the nozzle to the surface of the
disc substrate. The big advantage of this method is
that the bonding process is completed without any
direct UV irradiation to the disc substrates and the
information recording layers. Since the press on
both sides of the disc substrates performs the resin
spreading, the thickness uniformity of the adhesive
layer is not so good. However, the fundamental
properties, such as tilts and Pl error, are at
practical level even after the chamber test. The
authors are considering building a practical
machine based on this method.

(o) New method (1) Nowmal method

Fig.6 Comparison of the resin traces between two
UV irradiation methods.
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This is the supplemented version of the paper
with the same title, which was published in the
proceeding of RadTech JAPAN 2000 Symposium at
Tokyo Institute of Technology.
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Table 1 Test Condition

Ink GEOS-G Magenta N type
Fountain solution FST-212 1% in tap water
Ink feed key [%] 26
Roller revolution [%)] 45
Cooling temp. [deg.C] 30
Dampening temp. [deg.C] 30
Press speed [m/s] 3.0
Running time [hr] 1.0
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Super Metallic Inks which Have Same Shine as Vacuum Metalizing
“ FINELAP® SUPER METALLIC” Series
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Fig.1 The preparation for vacuum metallized aluminum powder.

66

gbboooboooboobboobboobooon
gobooobooboobboon

e OO0 DOODLDOODOODLDDOODLOODO
goobooon
gobooboobboobooobooboon
gobooooO boobooboobobooobogoo
g oogoboobbooboobbooboon
gbbogoobboooobbooobbooon
gobogoobbooobboMEKDOOODDOO
goboooboooboobbooboobo

e OO OODO
Fig30OOOOOOODoOoOooooooooog
gobogobooboobbooboobboon
gobogobooboobbooboobboon
gobooobooboobbooboobboobob
gobooobooboobbooboobboobob
gobooobooboobbooboobboobob
gboogooboooboo* boobboobbogob
gooogogr goopoobbobbbboogoooooo
goboogooboobbooboobbooboon

Fig.2 Photomicrographs of metallic surface.

DIC Technical Review No.7 / 2001



ooooodgooo

SEELIGHT prmess(Wmdow Metallmng)

PASTER process(Window Metalizing)

% .
silver clear metallic colors

(Vacuum Metallized) —— > C——> (Wash out by Chemicals)

Film

Use metalized film

i) 4 )
silver clear metallic colors

Print resist ink on
metallized surface

SUPER METALLIC SILVER & COLORS

R METALLIC SILVER & COLORS
[ Film
4 )

clear Silver or metallic colors

Fig.3 Comparison of SUPER METALLIC printing with former process.
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Polyurethane Resin “CRISVON®” for Breathable Textile Coatings
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Fig.1 Image of breathable textile coatings.
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Table 1 Specifications of * CRISVON MP-858"

Type Polyester type Polyurethane solution
Solvent DMF
NV. (%) 20+ 1
Vis. (mPalls) 30000 - 50000

Table 2 Performance of Breathable Textile
by Wet Coagulation

CRISVON Conventional
system PU coating
Permeability**
8000 - 10000 8000
g/mz2/24h
Water resistance*?
10000 3000-5000
mmH.O
Touch Soft Slightly Hard

*1: JIS L-1099, A-1 (desiccant) method
*2: JIS L-1096, high-pressure method

4— Base fabric

Fig.2 Cross section of breathable textile
by wet coagulation system
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Fig.3 Cross section of breathable
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Table 3 Specifications of "CRISVON" for Laminate Process

=55/43/2 (wt.)

CRISVON S-525
Type Polyether type _ Polyether-ester type
Polyurethane solution Polyurethane solution
Solvent DMF / MEK / Tol DMF / Tol /| MEK / EtAc

=41/21/18/20 (wt.)

NV. (%) 30+ 1

Vis. (mPalls) 40000 - 60000

17000 - 21000

Table 4 Performance of Breathable
Textile by Lamination System

CRISVON Conventional
system PU Laminate
Permeability**
6200 8000
g/m?24h
Water resistance*?
> 20000 > 20000
mmH.O
Touch Soft Hard
Anti-NOx Good Poor

*1: JIS L-1099, A-1 (desiccant) method
*2: JIS L-1096, high-pressure method
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“ DIOVAR®HTP-400" for Improving Water Drainage

Pavement Durability
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Transparent Heat and Impact Resistant Styrenic Resin

CLEPALOY® RF-30” Series
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Table 1 Optical Character of © CLEPALOY” Sheet?

CLEPALOY OPS
Light
Transmission 93 91
Rates(%)
Haze (%) 0.4 0.2

1)Sheet's thickness is 0.35 mm

Table 2 Heat Resistance of * CLEPALOY” Tray
Atmosphere CLEPALOY OPS
Temp.(O)
80
90
100
110
120 X

00 O0O0
X X[JO O

The trays were put into dryer for 3 min.
o :No Transform, O :Slight Transform,
x :Intense Transform

e 00O

“ 00000 00000Table200000000CO
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boboobooooobooooooooboOilioon
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110°C. 3min

Fig.1 Transformation of ©* CLEPALOY” Sheet.
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Table 3 Impact Strength of "CLEPALOY" Sheet?
CLEPALOY OoPS

Impact (Sjt)rengthz’ 0.4 0.2

1)Sheet's thickness is 0.35 mm
2)DuPont Type Impact Strength
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Fig.3 Repellet's light transmission rate.
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Table 4 Molding Property of * CLEPALOY”

CLEPALOY PS
Flexuzﬁ/lug\élsdulus 3,060 3.300
Contraction Rate
%) 0.5 0.5
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Easy Open Film for Boil and Retort“ DIFAREN® E3700T,

E3800T”
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a:lid film b:cup c:foods

al:seal layer of sealant film
a2:main component of sealant film
a3:substrate(oriented nylon etc. )

co—extrusion film

Fig.1 Interlayerable peeling mechanism.
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Preservative’ BESTCIDE® NS” and Fungicide’ BIOCUT® BM30”

for Low VOC Products
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Table 1 Analysis of the Content for Each BESTCIDE Product

Water |Dry weight| Volatile organic

compounds
(%) (%) weight(%)

Product Type

BESTCIDE NS|Dispersed type 77 20.1 2.9

BESTCIDE 200K|Solvent type| 29 31.9 39.1

BESTCIDE 300 |Dispersed type 55 34.9 12.1
105CO 0 hr
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Fig.1 Differential thermal analysis of ©* BESTCIDE NS”.

TG; Thermo Gravimetry,
DTA,; Differential Thermal Analysis
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Table 2 Analysis of the Content for Each BIOCUT Product

Water |Dry weight|Volatile organic
Product Type compounds
(%) (%) weight(%)
BIOCUT BM30 | Dispersedtype | 62.1 36.6 1.3
Current product | Dispersed type | 52.2 38.0 9.8
105°C0O O hr
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Fig.2 Differential thermal analysis of “* BIOCUT BM30".

TG; Thermo Gravimetry,
DTA,; Differential Thermal Analysis
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