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Microcapsule Pigmented Jet Ink

Harabpa Hiroshi and Inoue Sadahiro

Recently, as color materials of the ink for inkjet printers, the application of the pigment has been
examined. In this review, we introduce the characteristics of dye and pigmented jet inks, and our
study of microencapsulating pigment jet ink for the high quality images. From the viewpoint of
reliability of the jet ink, resin composition for dispersing agent was studied. Fine dispersion of the
pigment particles and encapsulation process were developed. Our functional color material
technologies of the resin covering pigments have provided wide color gamut and more stable inks

comparing with conventional pigmented jet inks.
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Fig. 1 Absorption spectrum of commercial jet inks
diluted in deionized water. (Left: Dye Ink; Right:
Pigmented Ink)
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Table 1 Pigments for Inkjet Printing Inks
Color  Pigment
Black  Carbon Black
Cyan  Copper Phthalocyanine (C.I. Pigment Blue
15:3, C.I. Pigment Blue 15:4)
Aluminum Phthalocyanie

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

Yellow Monoazo (C.I. Pigment Yellow 74)
Disazo (C.l.Pigment Yellow 128)
Isoindolinone (C.I. Pigment Yellow 109)
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Table 2 The Examples of Contradicting
Characteristics for Jet Inks

Printing head Image on paper

Reliability, Durability ~ Image quality, High speed

low color material content high color material content

(anti-clogging) (high image density)

slow drying quick drying
(anti-clogging) (high speed printing)
easy to wet hard to wet
(exhaust air bubble) (bleeding)
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Fig. 2 Stabilization of the dispersion of 2 particles.
Type A: Stabilization by the charge (electrostatic
repulsive force)

Type B: Stabilization by the steric hindrance (the
resin adsorption)
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Fig. 3 Pigment dispersion model.
The left is model of conventional pigment ink and
the right is model of microcapsule pigment particle
covered with the resin.
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Microcapsule Jet Ink

Fig. 4 Process for preparing of the microcapsule jet
ink.
1) Pigment dispersion in the solid phase.
2) First encapsulation, at this time weak flocculation
occurred.
3) Dispersed again.
4) Perfectly encapsulated.
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Fig. 5 Color gamut of pigmented jet ink.
e : Microcapsule Ink.
0 : Commercial pigmented ink (A).
O : Commercial pigmented ink (B).
o and arrows are directions of the offset lithographic
ink.

Fig. 6 Transmission electron microscope photograph

of the cross section of inkjet paper printed by
microcapsule jet ink.

goboooooooooocooboooooooono
goboooooooooocooboooooooono
gobooooooooboooobooooooa
cooooooooooooobOoboooooooog

ooooooooooooooooooOo(Fge)OO
goboooooooooocooboooooooono
goboooooooooocooboooooooono
boooomoooooooooboobOoooo
goboooooooooocooboooooooono
goboooooooooocooboooooooono
gbooooooooobec0OOO1DOOoOOOO
obobooobooooooooooswoooooo

46000
cooboooobooooooooOooboboooooo
goboooooooooboocooboooooooono
goboooooooooocoobooooooono
goboooooooooboocooboooooooono
gobooobooooobooosmobobooooogon
goboooooooooboocoobooooooono
goboooooooooboocooboooooooono
gobooooooooboobooooo

5 oo
cooooooobooooooooooboooooo
goboooooooooboocoobooooooon
ooobooooood
cooobooooooooooooooboboooooboo
goboooooooooboocooboooooooono
goboooooooooboocooboooooooono
goboooooooooboocooboooooooono
goboooooooooboocooboooooooono
goboooooooooboocooboooooooono
ooo
cooobooooooooooooooboboooooboo
goboooooooooboocooboooooooono
gboboooooooooboooobooooooo
coooboooooboooooooooobooboooooo
gobooooooooboocooboooooooono
gobooooooooboocooboooooooono

ooooboooboobi4o0pP.57-620 20020 OO O
gobooobooooboooooooooon

DIC Technical Review No.9 /2003



[ENRN

gogd

1) OoOoOoOoso0OoOoOoOoOoOoOoOooobOoo
(2000).

2) D00000O000000O350135(1996).

3) 00000000000 O380195(1999).

4) 00000000000 0000oooooooo
ooooooooooooooooogoogro
p.300 000000 (2000).
ooooo0o0o0oooOoooom booooo
O00O00O0O0ooogorgp230000gog
(1998).

5) Eastman Kodak, US Pat. 5738716 (1998).

6) A.D.Bermel, D. E. Bugner, J. Imag. Sci. Technol.,
43, 320 (1999).

7) E. . DuPont, US Pat. 2844484 (1958).

E. I. DuPont, US Pat. 2844485 (1958).
E. I. DuPont, US Pat. 2844581 (1958).

8) 0ULUUUUUUmI UODUUUoooooo
o0oooooooooooooooogogoggrg
p.130 000000 (2000).

9) D000 O000000O0OOOS360237 (1999).
10) 000000000000 ODO0OO Dbooo
DOoooOo"Op70000000O0O (1995).

11) V. T. Crowl, J. Qil. Colour Chem. Assoc., 46, 169
(1963).

12) 00000000000 DO 740 136 (2001).
OD00O0O0O00DO670401 (1994).

13) 0000000000y DOOOODO"Op.2840
OO0oOoOD (1996).

14) H. J. Spinelli, Adv. Mater., 10, 1215 (1998).

H. J. Spinelli, Prog. Org. Coatings, 27, 255 (1996).

15) 00000 0O 10-60331 (1998).

16) E. I. DuPont, US Pat. 5026427 (1991).

17) 00000 DOoOO0OOOODODOOOObODOoo
0"0pb30 000000 (1998).

18) 000ooO000ogooopooooooooooo
Japan Hardcopy "990 0 00 0 p.339 (1999).

19) 000000000000 DOD 08183920 (1996).
O000000O00O000O0OOoo8-26927 (1996).
O00000O0O000000O10-46075 (1998).
O00000000000OOO10-52925 (1998).
O00000O0O00O0O00OOO10-88042 (1998).
0000000000000 O10-292143 (1998).

200 000000000 DOoooOooooooo
0000000 Og"dp240 000000 (2000).

DIC Technical Review No.9 / 2003

2) JO0OO0OCOCOOOODOODODODO03-221137 (1991).
Dainippon Ink & Chemicals, EP 505648 (1992).
Dainippon Ink & Chemicals, US Pat. 5741591
(1998).

22) 00000000 DOO0ODODODO09-31360 (1997).
0000000ooononOnnos-104834 (1997).
000000o0ooononnnos-151342 (1997).
000000oooonononnos-316353 (1997).
000000ooooononni0-140065 (1998).
00000oooooonnnU11-166145 (1999).

23) Dainippon Ink & Chemicals, US Pat. 6074467
(2000).

gobooocooo ooooocooo

MiJOooOooono Miooooono
ooooag oooono
ogooad INOUE Sadahiro

HARADA Hiroshi



[ENRN

Jogbdotdbotobtdbtdbubtububogn

gobobbobobbbbobouddoooogooon

Biological Control of Bacillus Popilliae against Larvae of Scarabaeid

Beetles

Kimura Masaharu, EHArRA Gaku, ITo Kayoko and NisiHasHI Hideji

Bacillus popilliae specifically infects scarab beetle larvae with milky disease and makes it die.
Inefficiency of sporulation in vitro has been a major limiting factor in expanding the use of this
bacterium, isolated in the U.S. in the 1930s, though the effect was accepted. Recent years the
authors succeeded in the artificial culture of newly isolated Bacillus popilliae in Japan and proved
the usefulness by field examination. In this paper, the biological control of Bacillus popilliae with
the unique feature is explained, and the sporulation method is introduced.
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Fig.1 The hemolymph of scarab larvae infected with
milkey disease.
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Fig.8 The microphotograph of Bp var. semadara
spores formed in colonies on solid medium.
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Fig.11 Scanning electron micrograph of Bp var.
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Table 1 Results of the Field Examination to
Strawberries

number of number of ratio for
sample conc. pasturage |survival larvae control
larvae (0 day)| (43 days)
o 5.0x 10%
popilliae spores/m? 25 0 0
- 1.0x 10%
popilliae spores/m? 25 0 0
diazinon x 500 25 0 0
control 25 12 100

00 Numbers are statistic value.

Table 2 Results of the Field Examination to Turf

number of number of .
. ratio for
sample conc. pasturage |survival larvae control
larvae (0 day)| (43 days)
. 2.5% 10"
popilliae spores/m? 14 7 59
. 5.0x 10"
popilliae spores/m? 14 2 88
diazinon x 500 16 2 90
control 13 16 0
OO Numbers are statistic value.
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Liquid Crystal Alignment Materials Using Low Molecular-weight Azo

Dye Derivatives

Takabpa Hirokazu and Axivama Hidenari

Photo-induced alignment of layers using low molecular-weight azo dye derivatives with a specific
chemical structure, and liquid crystal alignment on the layers have been studied. The molecules of
these derivatives are photo-aligned by linearly polarized or obliquely incident non-polarized UV
light, exhibiting large dichroic ratio. Liquid crystal on the layers aligns with large azimuthal
anchoring energy comparable to conventional rubbing alignment layers. Large pre-tilt angle of
liquid crystal was obtained by obliquely incident non-polarized light irradiation. The liquid crystal
cell using the layer exhibits relatively high voltage holding ratio. From these results, the azo dye
derivatives can be one of promising substances for the alignment layers. In order to enhance
durability of the alignment, azo dye derivatives with polymerizable terminal groups were
synthesized. It also exhibited desirable liquid crystal alignment properties. After the polymerization
by heating, improvement of durability against light exposure was observed.
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Fig.6 Alignment of liquid crystal.
The left is the liquid crystal cell using photo-aligned
SD1 and the right is that using rubbing layer.
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Fig.7 Various methods of UV light irradiation to attain
the pretilt of liquid crystal on the photo-aligned azo
dye layer.
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Properties of Fluorinated Liquid Crystalline Naphthalens

Unmezu Yasuo, Kawakami Shotaro, IwasHiTa Yoshinori, TakeucH Kiyofumi, TAKEHARA Sadao,
KusumoTo Tetsuo and TakaTsu Haruyoshi

We have synthesized a new series of fluorinated liquid crystalline napthalenes having fluorinated
naphthalene moiety at the end of the molecule and compared the properties to the previously
presented naphthalenes with a similar chemical structure. The new fluorinated liquid crystalline
naphthalene with calculated smaller molecular volume shows lower rotational viscosity. Moreover,
the naphthalene with calculated larger dipole moment shows larger dielectric anisotropy.
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Fig.2 Parameters.
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Fig.3 Configurations of TN3 and MN3.

Table 1 Physical Properties of Liquid Crystalline Naphthalenes

Component Structure TN Ant Ag ™t n- L D= p e B Vm
[O] [mPalls] [O] [O] [deq] [10*°m?]
F
NI R ®) @@ ; 14 0.212 100 225 1751 8.45 3.49 23.34 981
F F
TN2 e ~0) ©© . 12 0.190 12.8 24.3 17.51 8.29 4.01 17.06 945
F
TN3 e~ O @@ r 165 0.214 15.0 28.3 21.78 8.43 4.45 4.04 1214
F
F F
TN4 e~ HO) @© . 130 0.195 18.9 29.4 21.91 8.62 5.29 8.34 280
F F
MN1 Cio @@ o 15 0.196 8.4 25.8 17.38 8.58 3.38 25.22 005
F F
MN2 Catly @@ O -14 0.198 14.7 243 17.42 8.50 4.09 15.94 987
F
C3H;
MN3 O ©© OrF 135 0.205 12.8 33.8 21.91 8.79 434 7.22 1328
F
e O
3417
MN4 F 136 0.200 216 31.9 21.93 8.83 5.24 16.99 1342
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*1 extrapolated
*2 20wt% of additional into host LC
*3 calculated by WinMOPAC 3.5
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Table 2 Electro-optical Properties of Liquid Crystalline Naphthalenes

Component Structure Va0 V10 T rise T decay T total

V] V] [msec] [msec] [msec]
F

my 0O @@ Fo219 3.20 9.0 10.0 19.0
. -
F

me  =XO-O @@ P 2.04 3.01 8.0 10.6 18.6
F
F

wz O Cg b 221 328 109 110 219
F
o F F

MN4 4 @@ Oy 205 3.02 7.8 11.0 18.8
F
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20wt% of additional into host LC
TN cell 6.0u m, 250

Table 3 Properties of LC Mixtures with low
Rotational Viscosity

HBLI HB2 HB3 HB4  HB5
T, [0] 808 950 968 951 959
TJO0] -46 -36 -35 -29 -30

AD 0119 0120 0121 0142 0.139
A 37 45 6.7 47 7.0
y 1[mPals] 62 86 109 96 112

Table 4 Properties of LC Mixtures for OCB-LCD

MOl MO2 MO3 MO4 MO5 MO6
T O] 99.8 1002 1006 1050 1050 85.0
T,0] 39 31 32 45 24 32
AD 0.161 0180 0.200 0.160 0.180 0.252
At 71 77 79 122 125 74

y 1[mPals] 135 197 231 154 157 182
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Table 30 TVO TFTOLCDO OO OO D ODOHBL
gHBst 0 poooooogoooooboooon
TnOOooooooooT-~ndooogggAan b
goddddAse 000Dy 1DOUOO0UOOOOoOO
gbboogogobboooobboooobooobbo
A J00D0OODODOODLDOODDOODOODDOO
gooooobooooo

Table A000O0D00OOTVOOODOOOODODOO
gocsbLCDOOOODODOMOLIOMO6GO Tnid T-nO
AnAe Oy 100000HBIOHBSOOOODOOO
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Characteristics of New Chiral Dopants and Their Applications
NAKATA Hidetoshi, Sasaki Makoto, TakeucHi Kiyofumi and Takatsu Haruyoshi

We have investigated properties of new chiral dopants. HTP (Helical Twisting Power) of the new
dopants are very strong, particularly, a dopant which has a substitutional group introduced at meta
place in phenyl group beside chiral center has 25% stronger HTP than dopants without
substitutional group. Negative temperature dependence of HTP induced by the chiral dorpants was
observed. The dopant is useful for Cholesteric-LC mixtures to improve the operating temperature
range and temperature dependence on selective reflection wavelength.
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Table 1 Schematic Diagram of the Liquid Crystal
Director Configuration at Various LCD Mode

Mode TN (TFT) STN | Cholesteric
_ 2 Sy

liquid crystal o

director _:_
configuration o — | 2 — P

Pitch 50~3004 m B8~14 ¢ m 0.3~054m

Cone.of |0 h5~0.5% 0.5~2.0% 15~30%

chiral dopant |
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Fig.1 Schematic diagram of the liquid crystal director configuration in the cholesteric LCD.
(a)Planar state, (b)Focal conic state and (c)Homeotropic state.
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Table 2 Characteristics of Conventional
Chiral Dopants

Compound Chemical Structure HTP dP/dT
CN . D - 46 Positive
LK
CB-15 :,u,—m t||—®—@(~ 8.1 Positive
£ CH;
S-811 cano—() coo—@}m-gu-mnn.o Positive
=\ ﬁ“' -\
Chiral A /\?:_?/—L_'ﬂ—('":—@—c)—fiylh 16.2 Positive
Chiral B c.un—c:u'—U—@a—c O~ yem 2.4 Negative
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Table 3 Characteristics of New Chiral Dopants
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Fig.3 Schematic diagram of drive scheme for
measuring V-R properties of cholesteric LC.
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Fig.4 Electro-optical responses to voltage pulse.

Table 4 Characteristic of Cholesteric LCs with
Single Chiral Dopant

Compound Quantity Reflective Transition  Driving volt.
(wt%) wavelength (nm) temp. (O) (v/p m)
Chiral E 111 561 94.9 6.8
Chiral F 15.4 564 85.5 7.0
Chiral C 16.8 561 84.0 7.4
S-811 344
CB-15 38.5 563 60.4 6.2

Table 5 Characteristics of Cholesteric LCs

Sample No. ChLC-1 ChLC-2
Transition temperature @) 80.8 60.5
Driving voltage (vip m) 6.8 7.2
00 563 556
Reflective wavelength (nm) 250 562 556
500 563 557

Low temerature stability -250 0500 h 500 h
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Long-time Relaxation of Suspensions Flocculated by
Associating Polymers

Horicome Misao and Otsuso Yasufumi

Associating polymers are hydrophilic long-chain molecules containing a small amount of
hydrophobic groups, and act as flocculants in colloidal suspensions. The rheological properties of
suspensions flocculated by associating polymers end-capped with hydrophobic groups are studied
in relation to the bridging conformation. The flow of flocculated suspensions is Newtonian at very
low shear rates. The liquidlike responses in the limit of zero shear rates imply that the polymer
bridges are constantly forming, breaking, and re-forming in a quiescent state. Due to the weak
affinity of polymer for the particle surface, the adsorption-desorption process reversibly takes place
by thermal energy. At low polymer concentrations, the polymer chains effectively form bridges
between particles. From the high storage modulus and short surface separation between particles,
it is considered that one polymer chain is directly adsorbed onto two particles to bind them
together, because the hydrophobic groups are incorporated on the ends. With increasing polymer
concentration, the relaxation time decreases and surface separation increases. The suspensions
with polymer at relatively high concentrations are highly elastic even under large strains in
nonlinear region. The particles may be connected by bridges of interchain associations that are soft
and flexible. The main factor controlling the rheology of suspensions is the bridging conformation,

which varies strongly depending on the particle and polymer concentrations.

1 Introduction

Hydrophilic long-chain molecules containing small
amounts of hydrophobic groups are known as
associating polymers. The associating polymers can
be classified into two classes: (a) multisticker
polymers in which hydrophobic groups are randomly
distributed along the water-soluble backbone,
(b)telechelic polymers to which long alkyl chains (C12-
Cig) are incorporated as terminal groups. In dilute
solutions of multisticker polymers, intrachain
associations cause a reduction in chain size and a
corresponding decrease in intrinsic viscosity.? The
chains are isolated and the solution properties do not
significantly differ from those of nonassociating
polymers. The associating polymers end-capped with
hydrophobic groups form flowerlike micelles above a
critical micellar concentration that depends on the
molecular weight of backbone and size of hydrophobic
groups.? The numbers of molecules which form a
micellar cluster vary from 10 to 80.» When the
concentration in solutions of multisticker polymers is
increased above the overlap thresholds, the
aggregation of two or more hydrophobes from
different polymers takes place and an association
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network is developed over the system. In semidilute
solutions of polymers with hydrophilic endgroups, a
three-dimensional network is also constructed
because two flowerlike micelles can be connected by
bridging. Due to intrachain and interchain
associations, the solutions of associating polymers
exhibit unique rheological properties.**® One of the
most interesting features is a shear-thickening flow
profile.®” When the polymer chains are extended in
shear fields, the hydrodynamic forces may increase
the number of interchain associations, owing to the
breakdown of intrachain associations.®® The shear-
thickening flow is induced by the decrease in entropy
of polymer chain in the network during extension by
shear.®

The addition of low concentrations of polymer
often causes flocculation in colloidal suspensions by
bridging, in which one polymer chain adsorbs onto
two or more particles to bind them together.'*'» Since
the associating polymers create a supermolecule in
series due to the association of hydrophobic groups,
the particles can be connected by the intermolecular
cross-linking of several chains. At low polymer
concentrations, the suspensions are flocculated by
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bridging.®® When the associative interactions for the
particle surfaces are very weak, the associating
polymers at relatively high concentrations can induce
depletion flocculation in similar manner that the
suspensions containing nonadsorbing polymer are
flocculated.**'» Depending on the population of
hydrophobes per molecule and adhesion energies for
hydrophobe-hydrophobe and hydrophobe-surface, the
suspensions are flocculated by different mechanisms.
For model associating polymers with hydrophobic end
groups, Santore et al.’*'» have statistically calculated
the fluid-fluid or fluid-solid transition as a function of
association energies. Their theory is successful in
determining the phase diagram of suspensions
containing associating polymers and in predicting the
boundaries for bridging and depletion flocculation.

The associating polymers receive increasing
interests as thickeners. The interest stems from the
need in industries to accurately control the solution
viscosity under a variety of shear conditions. In
application to paint and coating technology, it is
important to understand the associating interactions
between polymer chains and particle surfaces. The
suspensions which contain associating polymers are
highly interacting systems and the flocculated
structures and rheological properties are determined
by a dynamic equilibrium between hydrophobe
adsorption at particle surface and hydrophobe
association in the suspension medium. In this paper,
the effect of associating polymers on the rheology of
colloidal suspensions is studied in relation to
adsorption behavior.

2 Experimental Section

Materials. The suspensions were composed of
polystyrene particles, associating polymer, and water.
The polymer particles with a diameter of 124 nm were
formed by emulsion polymerization. The stock
suspension without polymers was electrostatically
stabilized. The associating polymer was
hydrophobically modified ethoxylated
urethane(HEUR)(RM-825 from Rohm and Haas), the
molecular weight of which was about 2.5x10% The
hydrophobes are incorporated as terminal groups. The
suspensions were prepared at a particle concentration
of 30% by volume. This was accomplished by diluting
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Fig.1 Viscosity plotted against the concentration for
aqueous solutions of HEUR associating polymer.

the stock suspension with calculated weights of 25
wt% HEUR solution. The concentration of associating
polymer was in the range of 0 - 1.7% by weight based
on the water. The rheological measurements were
carried out after the suspensions were stored at 250
under gentle shear on a rolling device for one week.
The suspensions showed no time dependence.
Because of initial conditioning prior to measurements,
the results were highly reproducible.

Methods. Steady-shear viscosity, creep behavior,
and dynamic viscoelasticity were measured using a
parallel plate geometry on a stress-controlled
rheometer (Haake Rheo-Stress RS100). The diameter
of plates was 20 mm and the gap between two plates
was 0.8 mm. The surfaces of both plates were serrated
to prevent wall slip. By combining the steady-flow and
creep measurements, the viscosity was determined in
the range of shear rates from 2.0x10° to 3.0 s*. The
frequencies were from 8.9x10? to 6.3x10! s* and strain
amplitude was from 2.0x10“ to 4.0 in dynamic
measurements. The temperature was 2500 for all runs.

The suspensions were centrifuged at 1000 g for 2 h.
The final sedimentation volume gives the
concentration of the dispersed phase, from which the
surface separation in the flocs can be determined. The
amount of polymer adsorbed on the particles was also
calculated from the viscosity of supernatant solution
of dilute suspensions which contain sufficient
adsorbing polymer.

DIC Technical Review No.9 /2003
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Fig.2 Frequency dependence of storage modulus for
suspensions at different polymer concentrations:
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Fig.4 Creep and recovery curve at a shear stress of 5.0
Pa for suspension in a 0.5 wt% polymer solution.
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Fig.5 Shear rate dependence of viscosity for
suspensions at different polymer concentrations:

0.3(0); 0.5(D); 0.8(©); 1.0(O); 1.2(D); 1.5(e);
1.7 wt%( @ ).

3 Results

Fig.1 shows the viscosity plotted against the
concentration for aqueous solutions of HEUR
polymer. The flow can be approximated as Newtonian
in the entire range of shear rates, irrespective of
concentration. The viscosity slowly increases at first
and the increase is accelerated. Beyond a certain level,
the plots are correlated by a straight line, the slope of
which is about 3.6. In very dilute solutions, each
polymer chain forms an isolated loop by association of
hydrophobes on the ends. Above a critical micellar
concentration, the flowerlike micelles are made by
aggregation of many chins. Further increase in
polymer concentration causes micellar bridging and
eventually results in the formation of three-
dimensional network of unbounded micelles. The
solutions of nonassociating linear polymers show very
similar concentration dependence of zero-shear
viscosity. It is generally accepted that the zero-shear
viscosity varies as the 3.4 power of the concentration,
when the transient network is developed by
entanglements above the overlap concentration. In
HEUR solutions, the critical polymer concentration at
the onset of association network is estimated to be 0.5
wit%.

By using dilute suspensions, the adsorbance of
polymer was measured and the value determined was
90 mg/g-particles. The thickness of adsorbed layer is
estimated to be 24 nm from the Stokes radius obtained
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Fig.6 Strain dependence of storage modulus at an
angular frequency of 6.28 s-1 for suspensions at
different polymer concentrations: 0.3(O); 0.5(D);
0.8(©);1.0(©); 1.2(D); 1.7 wth(@).

by the dynamic light scattering. The associating
polymer forms a thick adsorbed layer on the particle
surface. The maximum polymer concentration in the
sample suspensions was 1.7 wt%, where the
association network is possible in solution. However,
if the particles were completely isolated, the surface
would be highly covered with polymer. It is inferred
that no polymer chains remain in the solution phase of
suspensions.

Fig.2 and Fig.3 show the frequency dependence of
storage modulus G’ and loss modulus G” ,
respectively, for 30 vol% suspensions at different
concentrations. In flocculated suspensions dispersed
in polymer solutions, the viscoelastic function
generally shows a plateau at low frequencies. The
elastic responses at low frequencies are considered to
be a manifestation of three-dimensional network of
particles. The network structure provides an
additional relaxation process. However, the clear
plateau was not observed for the sample suspensions.
Especially at polymer concentrations above 0.8 wt%,
both the moduli rapidly decrease with decreasing
frequency. The lack of plateau in frequency-dependent
curve can be attributed to the rapid relaxation process.

Fig.4 shows the creep and recovery curve at a shear
stress of 5.0 Pa for a suspension in a 0.5 wt% polymer
solution. The stress was instantaneously applied,
maintained constant for 180 s, and suddenly removed.

38

40
Pl ]
€ 30
[ s
c
.0
® 20
©
[o}
(]
(1)
3
@ 10 [
b=
2
o
0 1 1 1
0 0.5 1.0 1.5

Polymer concentration (wt% )

Fig.7 Surface separation in flocs plotted against the
polymer concentration.

The strain generated at the disk edge was calculated
from the rotation angle of upper disk. The strain curve
comprises three regions; instantaneous, retardation,
and constant rate. At the longest times, the strain
linearly increases with time. The constant-rate strain
is due to viscous flow. The instantaneous deformation
on the application or removal of stress is induced by
elasticity. Therefore, the suspensions are
characterized as elastic liquids. The instantaneous
strain and viscous flow were observed for all
suspensions in the presence of associating polymers.
Fig.5 shows the shear rate dependence of viscosity
for suspensions at different polymer concentrations.
The 30 vol% suspension without polymers is
Newtonian with a viscosity of 4.2 x10° Pas. The
addition of polymer leads to an increase in viscosity
and the overall flow profile becomes shear-thinning.
Because the viscosity of suspensions is considerably
higher when compared to that of noninteracting
suspension, the suspensions may be highly flocculated
by associating polymer. The shear-thinning flow can
be explained by the shear-induced breakdown of
flocculated structures. In general, the flocculated
suspensions show the plastic responses when the
three-dimensional network of flocs is developed over
the system. However, the viscosity of sample
suspensions is constant at very low shear rates. It
must be stressed that the suspensions flocculated by

DIC Technical Review No.9 /2003
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Fig.8 Schematic pictures of adsorption and bridging
conformation. (A)adsorption on isolated particle,
(B) direct bridging.

associating polymers are Newtonian in the limit of
zero shear rate. The Newtonian flow profiles were
previously reported.’® Another interesting point is that
the zero-shear viscosity increases at first, decreases,
and then increases as the polymer concentration is
increased. The effect of associating polymer on the
viscosity behavior of suspensions is very complicated.
This implies that the degree of flocculation and
particle-particle interactions are strongly affected by
the polymer concentration.

Many structuring fluids such as suspensions and
polymer solutions show nonlinear viscoelasticity
under large deformation. At very low strains, the
storage modulus shows very little dependence on the
strain. Under large strains, the storage and loss
moduli are drastically decreased. The rapid decrease
of moduli can be related to the breakdown of internal
structures. To examine the nonlinear elastic effect,
the strain dependence of the storage modulus was
measured at an angular frequency of 6.28 s*. Fig.6
shows the results for suspensions at different polymer
concentrations. The critical strain at the onset of rapid
drop of storage modulus increases with polymer
concentration, whereas the modulus in the linear
region is not a monotonous function of polymer
concentration, but shows a maximum at 0.5 wt%. The
suspensions at polymer concentrations above 1.2 wt%
are highly elastic even under large strains in nonlinear
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Fig.8 Schematic pictures of adsorption and bridging

conformation. (A)adsorption on isolated particle,
(B) direct bridging.

region. In addition, it is interesting to note that the
curve of suspension with 1.0 wt% polymer shows a
maximum at strains around 2x10?.

From Fig.2 - Fig.6, the effect of associating polymer
on the rheology of suspensions can be summarized as
follows: (a) The addition of small amounts of
associating polymer causes an increase in dynamic
viscoelastic functions and viscosity of colloidal
suspensions. The associating polymer acts as a
flocculant. (b) The suspensions flocculated by the
associating polymers behave as liquids in the limit of
zero shear rate. No yield stress is generated
irrespective of degree of flocculation. (c) Since the
full coverage of particle surface with polymer chains is
not achieved in the sample suspensions, one can
expect that the degree of flocculation increases with
polymer concentration. However, the rheological
values are not given by a simple function of polymer
concentration.

To understand the flocculation mechanism, the
surface separation is examined through the
sedimentation experiments. The surface separation is
determined from the mean distance between particle
surfaces, on the assumption that the particles are
arranged in random sphere packing in the sediment.
The suspensions at polymer concentrations of 1.5 wt%
and 1.7 wt% were not separated into two layers and
hence the particle concentration in the floc is 30 vol%.
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Fig.9 The longest relaxation time plotted against the
polymer concentration.

Also, the clear supernatant solution was not obtained
for suspension at 0.3 wt% although the system was
separated into very viscous paste and opaque liquid.
The viscous paste may be composed of sediment of
flocculated particles and the opaque liquid of
noninteracting particles. Therefore, at a polymer
concentration of 0.3 wt%, the sedimentation volume of
viscous paste was used for estimation. Fig.7 shows
the surface separation plotted against the polymer
concentration. The surface separation increases with
polymer concentration. This suggests that the bridging
conformation and the resultant particle-particle
interactions vary with the concentration of associating
polymer.

4 Discussion

In bridging flocculation, the particle-particle bond is
formed by adsorption of loops extending from one
particle to another particle. Since the polymer chain
may attach to the surface at many points and not be
able to desorb simultaneously from all sites, bridging
flocculation is essentially irreversible in ordinary
conditions. The polymer bridge is not broken down
unless the external shear is applied. The flow of highly
flocculated suspensions is plastic with infinite
viscosity. However, the sample suspensions show
Newtonian flow at low shear rates. This indicates that
the particle-particle bonds formed by polymer bridges
are constantly forming, breaking, and re-forming in a
quiescent state. The unusual rheological behavior of
associating polymer arises from the reversible
associations of hydrophobic groups. Since the
associating polymers do not have strong affinity for
the particle surface, the adsorption-desorption process
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reversibly takes place by thermal energy. The intrinsic
mechanism of flocculation induced by associating
polymers is the reversible bridging.

In suspension with 0.3 wt% polymer, the three-
dimensional network of flocs may be constructed over
the system, because the elastic responses appear at
low frequencies and the viscosity is considerably
higher compared with that of medium. The
distribution of particles in the flocs and the network
formation process are often described through
percolation theory.**® Percolation theory that deals
with the distribution of cluster sizes for particles
distributed in an infinite lattice composed of sites
linked together by bonds. In suspensions flocculated
by polymer bridging, the flocs are considered to
consist of sites (particles) connected by bonds
(bridges). Therefore, the effect of polymer
concentration on the floc structure can be analyzed as
the bond percolation process. In the bond
percolation, the network of unbounded floc is
constructed when the occupancy of bonds in a lattice
whose sites are fully occupied exceeds a critical value,
pct. According to the empirical equation® for the bond
problem, the percolation threshold for various three-
dimensional lattices is zpc® - 3/2, where z is the
coordination number. In previous work,??» we have
reported that the percolation network is expected
when the surface coverage is increased beyond about
0.25 for suspensions flocculated by reversible bridging
of nonassociating polymers. However, the surface
coverage achieved in a suspension with 0.3 wt%
polymer is 0.08. In suspensions flocculated by
associating polymer, the network structure can be
developed at very low coverage.

From the adsorption experiments, the thickness of
adsorbed layer is 24 nm, if the suspension is isolated
to noninteracting particles. In flocculation process,
the particles must approach to a distance of the
adsorbed layer. However, the bridging distance in
flocs is estimated to be 16 nm through the
sedimentation experiments. The adsorbed layer is
reduced to a great extent by bridging. It looks likely
that the adsorbed situation of polymer chains on
isolated particles can be different from bridging
conformation between two particles.

In adsorption of associating polymers, the layer may

DIC Technical Review No.9 /2003
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consist of chains with both hydrohobes and part of the
backbone on the particle surface at very low coverage.
As the coverage is increased till near full coverage, the
chains may adopt a stretched conformation with only
one hydrophobe attached to the surface. The
hydrophobes extending into the solution can form
micelles. The multilayer adsorption due to micellar
formation might account for the large value of thick
layer.® At polymer concentrations of 0.5 wt% and 0.8
wt%, the suspensions have high storage modulus.
Because of very low concentrations, no residual chains
remain in solution phase. The polymer chains can
effectively form bridges between particles.
Considering that the hydrophobic groups are
incorporated on the ends, one polymer chain is
directly adsorbed onto two particles to bind them
together. The direct connection may be supported by
a fact that the surface separation is relatively short.
The difference in adsorbed configuration is
schematically expressed in Fig.8.

The rheological results lead to conclusions that the
suspensions flocculated by associating polymers
behave as liquids in the limit of zero shear rate and the
flocculation is induced by reversible bridging. The
creep recovery after the constant-rate deformation is
governed by the longest relaxation mechanism. The
relaxation time can be determined as the ratio of
viscosity to elasticity, where the viscosity is calculated
from the constant-rate strain and the elastic modulus
from the total recovery. Fig.9 show the longest
relaxation time plotted against the polymer
concentration. The creep behavior of suspension with
0.3 wt% polymer is nonlinear even at a stress of 0.5 Pa.
Hence the attention will be focused on the behavior in
the linear range at polymer concentrations of 0.5 wt%
and above. The relaxation time increases, goes
through a maximum, and decreases, as the polymer
concentration is increased. At a polymer
concentration of 0.5 wt% where the highest viscosity is
achieved, the relaxation time reaches the maximum.
The slow relaxation of suspension at 0.5 wt% polymer
concentration is inferred from the frequency-
dependent curve of storage modulus.

When the polymer concentration is increased, the
storage modulus and relaxation time are decreased. In
addition, the surface separation is increased although
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the adsorbance still does not reach the saturation. In
polymer adsorption, the adsorbed conformation
strongly depends on the affinity for the solid surface,
which is often controlled by the additions of small
amounts of surfactant. However, it seems difficult to
accept that the adsorption affinity of each polymer for
the solid surface is affected by its concentration. In
contrast to ordinary irreversible adsorption, the
adsorption process of associating polymers is
reversible because of weak affinity for particle
surface. As a result, a small amount of polymer chains
which are not in direct contact with surface exists in
solution. Since the association between several chains
can occur, nonadsorbed chains can contribute to the
particle-particle interactions or bridging conformation.
The increase in surface separation may be attributed
to the multichain bridging. Fig.10 shows a schematic
picture of polymer bridging by interchain associations.

In Fig.6, the decrease in storage modulus at large
strain arises from the rupture of polymer bridges. At
low polymer concentrations, the forced desorption of
polymer chains due to hydrodynamic effect is
primarily responsible for the drop of storage modulus,
because the particles are connected by direct
adsorption of single chain. On the other hand, the
particles are connected by bridges of interchain
associations at high polymer concentrations. The
particle-particle bond may be soft to external force
and the multichain bridges can be highly extended in
shear fields. Because of flexible bridges, the
suspensions containing polymer at high
concentrations show the linear viscoelastic responses
in a wide range of strain. In suspension flocculated by
reversible bridging of nonassociating polymers, the
strain-dependent curve of storage modulus at a
constant frequency shows a rapid increase when the
strain is increased above a critical level.”# The force
generated by rapid extension of bridges within the
lifetime is responsible for the high elasticity at large
strains. The indication of maximum in the strain-
dependent curve of storage modulus observed for the
suspension with 1.0 wt% polymer can be explained by
the same rheology.

5 Conclusions
The addition of small amounts of associating
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polymer causes

flocculation of colloidal suspensions by reversible
bridging. Since the polymer bridges are forming and
breaking by thermal energy, the suspensions behave as
liquids in the limit of zero shear rate. At low polymer
concentrations, the polymer chains effectively form
bridges between particles. The high storage modulus
and short surface separation imply that one polymer
chain is directly adsorbed onto two particles to bind
them together, because the hydrophobic groups are
incorporated on the ends. As the polymer
concentration is increased, the relaxation time of
suspensions decreases and the surface separation
increases. The suspensions at high polymer
concentrations are highly elastic even under large
strains in nonlinear region. The particles may be
connected by bridges of interchain associations that
are soft and flexible. The conformation of adsorbed
polymer and mechanical properties of bridges vary
strongly depending on the particle and polymer
concentrations.

This paper was published in Langmuir, Vol.18, No.6,
p.1968-1973(2002).
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New Hyperbranched Polyesters for UV-Curing

Rainer B. FRINGS and Matthias WEND

Hyperbranched polymers are attractive for UV-applications, because they reduce viscosity and
improve coating properties. Present hyperbranched polyesters with (meth)acrylate branch-ends
are synthesized by modification of OH- or COOH-terminal hyperbranched polyesters in at least two
steps. We present a one-step process, directly leading to hyper-branched polyesters with acrylate
branch-ends, which is based on the Diels-Alder reaction of defined ratios of polyfunctional sorbic
esters with acrylates of lower functionality. The sorbates are easily accessible from polyols and
sorbic acid. A new polymerisation process without the involvement of any organic solvent allows
the synthesis of hyperbranched polyesters of different structures, directly usable as binders or
additives in UV-curable systems. Examples show the effects of these new products on varnish
viscosity, UV-curability, shrinkage, film properties and adhesion.

1 Introduction

Recently hyperbranched polymers, mainly
polyesters, have attracted a lot of interests in industry
for several reasons:
- Concentrated solutions and melts of hyperbranched
polymers have lower viscosities than those of linear
polymers of comparable molecular weights and
monomer units.
- Since reactive groups are located at the ends of the
individual branches and therefore at the periphery of
the macromolecules, they are easily accessible for
further reactions.
- With increasing molecular weight the molecular
diameter and the number of end-groups are growing.
Such properties make hyperbranched polymers
extremely interesting for UV- and EB-curing
applications, if they contain acrylate, or at least
methacrylate end-groups. In addition to the
aforementioned properties, they should be odourless
and non-irritating and do not require registration, due
to the high molecular weights.

Several hyperbranched polyesters with acrylate or
methacrylate end-groups have been described in
recent years.*» Common to all these developments is
that preformed hyperbranched polyesters with either
-OH or -COOH groups, made by polycondensation of
AB2-monomers like 2,2-dimethylolpropionic acid,® or
A2B3-monomers like trimellitic acid anhydride +
pentaerythritol,® are either esterified with acrylic acid?
or reacted with glycidylmethacrylate.® These products
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demonstrated the promising behaviour of
hyperbranched polyesters in UV-curing but need at
least two-step syntheses.

Our own development of hyperbranched polyesters
for UV-curing was guided by the following
considerations:

- The synthesis of hyperbranched polyesters with
acrylate end-groups should be a one-step process.

- The process should allow the synthesis of
hyperbranched polymers of wide structural variety
with different properties like UV-reactivity or
viscosity.

- The polymerisation must occur without or at least
with controllable side-reactions.

- Commercial products, favourably acrylates, should
be used as main components.

2 Synthesis of Hyperbranched
Polyesters with Acrylate End-Groups
A possible reaction, which could fulfil the
aforementioned requirements, is the Diels-Alder
reaction between sorbic and acrylic acid esters.
Though this reaction is old,”® it has been neither well

COOR COOR COCR

pZ ; COOR
o #~coor —A— +
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Fig.1 Products of the Diels-Alder reaction between
sorbic- and acrylic acid ester.
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Table 1 Molar Compositions for
the Gelation-free Diels-Alder Polymerisation

Polyester sorbate acrylate sorbate/acrylate
type functionality fs functionality fa  molar ratio

S3A2 3 2 1:3
S4A2 4 2 14
S4A3 4 3 1:4
SeA2 6 2 1:6
SeA3 6 3 1:6
SeA4 6 4 1:6

S3-6 denotes the functionality of the sorbate and A24 that of the
acrylate.
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Fig.2 ldealised presentation of the Diels-Alder
polymerisation to form hyperbranched polyesters
with acrylate end-groups.

investigated nor commercially used. Sorbic acid is now
widely used as a food preservative and is being
produced in increasing quantities world-wide.

2.1 Model Studies

The Diels-Alder reaction was studied with
monosorbates and monoacrylates to define the
reaction temperature range and the Kinetics, and to
investigate possible side reactions. The reaction
proceeds at temperatures between 100 and 1400,
illustrated in Fig.1, without any detectable side
reaction, if the unwanted thermal acrylate
polymerisation is suppressed by usual quantities of
polymerisation inhibitors.

Product analysis showed, that four Diels-Alder
adducts were formed, two positional isomers, 4-
methylcyclohex-5-ene-1,2-dicarboxylic acid ester and
4-methylcyclohex-5-ene-1,3-dicarboxylic acid ester,
each as two stereoisomers.

The Diels-Alder reaction can be performed either
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Fig.3 GPC (RI) of a Diels-Alder polymerisation of TMP-
(2.5EO/OH)-TS + DPGDA in xylene at 1350
Mn = 1,860 g/mole; Mw = 3,200 g/mole,
D =1.72, viscosity: 1.5 Pas/250J

in bulk or in solution. In any case it is a relatively slow
reaction, even at 130-1400 . Under similar reaction
conditions, the overall rates of reactions between
bifunctional sorbates and monoacrylates and between
monosorbates and diacrylates were higher.

The self-dimerisation of sorbic esters, which might
lead to premature gelation during Diels-Alder reaction
and which cannot be inhibited like the acrylate
polymerisation needs much higher temperatures and
longer times than the Diels-Alder reaction between
sorbates and acrylates. Therefore it plays no role in
the formation of hyperbranched polyesters by Diels-
Alder polymerisation, which could be also proved by
the analysis of these polyesters.

2.2 Hyperbranched Acrylate Polyester Synthesis

We found, that hyperbranched acrylate polyesters
(HBAPE) are formed by Diels-Alder polymerisation of
a polyfunctional sorbate with a polyfunctional acrylate
with at least one reactive group less than the sorbate
without premature gelation, if the acrylate groups are
always in excess.

These conditions are fulfilled for the
hyperbranched acrylate polyesters, if the following
molar ratios between sorbates and acrylates, listed in
Table 1, are used.

A reversal of these conditions e.g. AsSz, lead to
polymers containing predominantly sorbate
endgroups.

The simplest case, if one mole of a trisorbate is

DIC Technical Review No.9 /2003
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Fig.4 General scheme for the Diels-Alder polymerisation in agueous phase.

reacted with 3 moles of a diacrylate, is shown in Fig.2
the example being for ethoxylated TMP-trisorbate +
DPGDA.

For simplicity, only the methylcyclohexene-1,3-
ester groups are depicted, but also the other isomers
are formed.

The necessary polyfunctional sorbates can be
synthesized from sorbic acid and commercial polyols
like trimethylolpropane (TMP), di-trimethylolpropane
or pentaerythritol and their ethoxylated or
propoxylated derivatives by conventional methods.

Suitable polyfunctional acrylates, which are

commercially available, are liquid or low-melting-point
di- and triacrylates of well-defined structures.

The Diels-Alder reaction gives a range of oligomeric
adducts, having acrylate end-groups predominantly.
The reaction of trimethylolpropane-(2.5EO/OH)-
trisorbate (TMP-(2.5EO/OH)-TS) with dipropylene-
glycoldiacrylate (DPGDA) in refluxing xylene (1350)
for 2.5 h result in a polymer mixture, whose GPC-
curve (RI-trace) is shown in Fig.3. We can assign the
main peaks to the following oligomers:

1,400 g/mole: 1S33A2, 2,700 g/mole: 2S34A2, 3,800
g/mole: 3S35A2.

Table 2 Results of Aqueous Diels-Alder Polymerisation Experiments

type Polymer composition MN Mw residual Viscos.
[g/mole] [g/mole] [GPC-%] [Pas/2501 ]
1 TMP-(0.8EO/OH)-TS+DPGDA 1,190 2,370 10 3.1
2 S3A2 TMP-(2.5EO/OH)-TS+DPGDA 1,530 4,160 11 1.02
3 TMP-(2.5EO/OH)-TS+HDDA 1,830 10,000 16 0.67
4 SaA2 Penta-(0.75EO/OH)-TS+DPGDA 1,700 3,300 14 17.92
5 Penta-(0.75EO/OH)-TS+TMPTA 2,310 9,700 23 39.9
6 S4A3 Penta-(0.75EO/OH)-TS+TMPEOTA 3,050 9,400 28 2.8
7 DITMPTS+TMPEOTA 3,250 13,100 26 8.6

DIC Technical Review No.9 / 2003
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Fig.5 Comparison of the molecular weight
distributions of an emulsion polymerisation of TMP-
(2.5EQ/OH)-TS + DPGDA after 18 and 30 h at 930 .

18 h/9301 :
Mn = 1,590, Mw = 2,400 g/mole,
D =1.51; viscosity: 0.9 Pas/2500
residual DPGDA: 11% (GPC)

30 h/9301 :

Mn = 2,460, Mw = 5,440 g/mole,
D =2.21; viscosity: 9.3 Pas/250
residual DPGDA: 7% (GPC)

The residual acrylate content is also typical for the
sorbate/acrylate Diels-Alder polymerisation. As the
sorbate monomer content is much lower or
undetectable, the oligomers must have also some
sorbate end groups from incomplete Diels-Alder
polymerisation.

Because the Diels-Alder polymerisation in bulk or
solvent above 1100 is not well controllable, a
proprietary aqueous emulsion process in which the
Diels-Alder polymerisation is performed was
developed. This method is generally applicable to all
water-immiscible monomers and allows the
reproducible synthesis of hyperbranched polyesters
without gelation. Diels-Alder reactions in aqueous
phase were first used for the synthesis of sensitive
natural products,** but are not yet used for
polymerisation to the best of our knowledge. It is
assumed, that surface- and osmotic pressure act on the
monomer oil-droplets, which thus constitute micro-
autoclaves.

Mixtures of polyfunctional sorbates and acrylates are
stirred into degassed water with an emulsifier at its
critical micelle concentration and heated to 90-9500 .
Molecular weights and residual acrylate contents
depend on the polymerisation time and temperature.

46

}%g_(_n S,A, e <
!—Q!‘L\u o 0,—/"‘5:5_(0
e
2 s
£ Py
Ko A
-~ ™

S ow
Q, ey

“rrv’v’?:er}?vowokcgmruoipiweJéfwc%Jﬁr’r

' s

rd i
L A
£ T <
w 34 “2”“ v
r«‘D‘f t%; 35 94%%
w3 ;C -
B o N iy
\i\lﬁ fé A é\ﬁ Lo

Fig. 6 Idealised HBAPE oligomer structures, each with
two sorbate branching units.

After polymerisation, the lower organic polyester
phase is separated and the included water removed.
This process is depicted in Fig.4.

The aqueous process leads to comparable
molecular weights and residual acrylate contents to
the solvent-borne process, but at a much lower
temperature of 90-9501 . It is more reproducible and
safe, however, it needs reaction times of 18 - 20 hours.
Further advantages are the simple work-up and the
complete avoidance of organic solvents.

Results of aqueous Diels-Alder polymerisation
experiments with a narrow selection of the tested tri-
and tetrasorbate and di- and triacrylate combinations
are listed in Table 2.

Molecular weights and residual acrylate contents
can be controlled by variation of the reaction time and
temperature. Molecular weights and polydispersities
increase and residual acrylate contents decrease with
increasing reaction time at constant temperature as
shown in Fig.5.

Idealised structures of S3A2-, SaA2 and S4As-
oligomers, each with two sorbate units, either TMP-
(1EO/OH)-trisorbate or penta-(0.75EOQ/OH)-
tetrasorbate, which are completely reacted either with
dipropyleneglycoldiacrylate (DPGDA) or

DIC Technical Review No.9 /2003
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trimethylolpropanetriacrylate (TMPTA) having
molecular weights between 2,300 and 3,300 g/mole and
thus within the molecular weight distributions of Table
2 are shown in Fig.6.

It is evident that the number of acrylate end-groups
increases with the functionality of the sorbate
monomer, which constitute the branching unit, and
that only SsAs-oligomers approach a real dendritic or
hyperbranched structure.

This aqueous Diels-Alder polymerisation process
allows the easy and reproducible synthesis of all types
of hyperbranched acrylate polyesters (HBAPE) from
water-immiscible polyfunctional sorbates and many
commercially available acrylates of defined structure.
Especially useful acrylate monomers are low viscous
and cheap acrylates like di- and
tripropyleneglycoldiacrylate (DPGDA, TPGDA),
trimethylolpropanetriacrylate (TMPTA) and its
alkoxylated derivatives (e.g. TMPEOTA) and
propoxylated glyceryltriacrylate (GPTA), which are
common comonomers in practical UV-coatings and
printing inks.

2.3 Analysis of Hyperbranched Polyesters

with Acrylate End-Groups

Analytical investigations of the synthesised
products except GPC are difficult due to the wide and
overlapping signals of the isomeric Diels-Alder adducts
and acrylate and sorbate groups in NMR as well as in
FTIR. We have analysed the hydrolysed polyesters by
GC/MS to verify the formation of the isomeric Diels-
Alder adducts. All possible hydrolysis products were
synthesised and characterised separately. These
analyses reveal the nearly exclusive formation of
Diels-Alder adducts with only a negligible content of
sorbate dimers. This proves, that sorbate dimerisation
is not an important reaction during polymerisation.

Acrylate-titrations revealed, that about 50 - 60% of
the sorbate-groups are consumed by the Diels-Alder
reaction, so that the polymers must also contain
sorbate end-groups, as only small amounts of free
polyfunctional sorbate monomers are detectable by
GPC.

DIC Technical Review No.9 / 2003

3 Application of Hyperbranched

Polyesters in UV-Curing

We have studied several aspects of the use of the
new HBAPEs in UV-curing.

- viscosity reduction

- UV-curing reactivity

- shrinkage reduction

-adhesion to metals and plastics, especially

aluminium and PET

3.1 Viscosity Reduction by Hyperbranched

Acrylate Polyesters

The viscosities of the new HBAPES are higher than
those of reactive diluents like DPGDA, TMPTA or
GPTA but much lower than those of commercial linear
polyester acrylates with 2 - 6 acrylate groups on
average, many epoxyacrylates and urethaneacrylates,
which are often used as polymeric components to
modify film properties. The viscosities increase from
the S3A2 to the SeA4 types in general, but depend on
the structure of the used polysorbates and acrylates,
the molecular weight distribution and the inevitable
residual acrylate content.

Despite their higher viscosity, HBAPEs form less
viscous varnishes with common reactive diluents than
linear polyfunctional polyester acrylates, often used
for improving film properties. Fig.7 shows the dilution
curves with DPGDA of the hexafunctional polyester
acrylate Ebecryl® EB-1870 [UCB] with Mn = 2,790 and
Mw = 7,650 g/mole, of the SsA2 HBAPE (entry 2, Table
2) and of the S4A3-HBAPE (entry 6, Table 2).

This plot shows, that even the SsAz HBAPE, with

25
2
15

1

visc. [Pas/25°C]

05

0 20 40 60 80
w.-% polymer in DPGDA

Fig.7 Dilution curves of Ebecryl® EB-1870, SsA2- and
S4A3-HBAPES with DPGDA.
0 EB-1870, A SsA3-HBAPE, m S3A2-HBAPE
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its higher molecular weights (Mn = 3,050, Mw = 9,400
g/mole) can be formulated into varnishes of much
lower viscosity than EB-1870. This might be due to the
spherical shape of hyperbranched macromolecules,
which prevents the physical gelation at high polymer
concentrations. As practical consequence, much
higher concentrations of HBAPEs can be used than
common linear polyester-, epoxy- and urethane-
acrylates for the formulation of UV-varnishes and
printing inks.

The HBAPE resins are also excellent diluents for
highly viscous acrylates like bisphenol-A epoxy
acrylates or urethane acrylates. It is possible to
dissolve about 30 - 35wt% of aromatic epoxy acrylates
or urethane acrylates in a SsA2 HBAPE to get
viscosities below 600 mPas. Such mixtures contain
mostly non-volatile resins and only several percent of
free acrylate and can be rapidly cured in the presence
of suitable photo-initiators into hard, but still flexible
films.

3.2 The UV-Reactivity of Hyperbranched

Acrylate Polyesters

The new hyperbranched acrylate polyesters
generally have a good UV-reactivity in presence of 3 -
5wt% of common photo-initiators when cured as 6 -
100 p m thick wet films.

Though the HBAPE resins can be applied as
synthesized, they will be normally used in combination
with other comonomers. For basic investigations we
used DPGDA as a comonomer in order to get
comparable results. 5% of Darocure-4265®, a 1:1
mixture of Lucirin-TPO® and Darocure-1173®, was
used as standard photoinitiator and the compositions
were cured as 12 - 50 gy m thick wet-films under a
FUSION® F-120 lamp with a D-bulb at conveyor-speeds
between 16 and 75 m/min with incident dose
determination by an UVI-Puck® [EIT].

UV-curing tests reveal some astonishing properties
of HBAPE-varnishes, independent on varnish
composition, the chemical structures and molecular
weight distributions of the HBAPEs.

Most surprising is the immediate formation of tack
free surfaces during UV-curing even at high cure-
speeds, when the coating is not yet fully through-
cured. This can be observed with all varnishes
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containing more than 20% of any hyperbranched
acrylate polyester and is in contrast to the usual
behaviour of UV- acrylate coatings, where the surface-
curing is retarded due to the oxygen inhibition.

Though the cure-rates depend on film-thickness,
type of the HBAPE, its content in the varnishes and
the used reactive diluents and are not easily
determinable due to the rapid surface curing, it is
possible to derive some general conclusions, listed in
Table 3. These are based on 12 p m thick coatings,
containing 50 - 65wt% HBAPE in DPGDA and 5%
photoinitiator having more than >75 double-rubs MEK-
resistance after UV-cure.

The different UV-curing reactivities are related to
the increasing number of acrylate end-groups per
macromolecule for S3A2-, SasA2-, SsAz- and higher
branched HBAPE types. The structures shown in Fig.6
are formed from two sorbate groups each, either TMP-
(1EO/OH)-trisorbate or penta-(0.75EOQ/OH)-
tetrasorbate, completely reacted with either DPGDA
or TMPTA. The corresponding molecular weights and
numbers of acrylate end groups are:

S3A2-HBAPE 2,300 g/mole and 4 groups,

SaA2-HBAPE 3,000 g/mole and 6 groups,

S4A3-HBAPE 3,400 g/mole and 13 groups.
As the molecular weights are fairly similar and well
within the molecular weight distributions of our
synthesized HBAPEs, it becomes evident, that the
reactivity of SsA3-HBAPEs must be much higher than
that of the other types as their much larger number of
reactive end groups leads to more rapid gelation up to
the gel-point.

As a more general expression on can estimate
Acrylate/Branch (A/B)-ratios in relation to the
molecular weight for the three types of HBAPE-resins
from the aforementioned standard S3A2- and S4As-
monomer pairs as shown in Fig.8.

Table 3 Dependence of UV-cure-speed on Type of the
HBAPE

HBAPE type S3A2 S4A2 S4A3
max. cure-speed 16 - 30 25-35 50 - 75
[m/min]

tack free dose 150 - 200 90 - 120 50-75
[mJ/cm?]

S3Az is entry 2, SaA2 entry 4 and S4A3 entry 6 of Table 2.
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This graph exemplifies the much higher average
number of acrylate end groups per macromolecule in
S4A3-HBAPESs compared to the other types, especially
at higher molecular weights.

This comparison also shows, that even S3A2- and
Ss4A2-oligomers of high molecular weights are not
really hyperbranched, but should be better called
linear-branched polymers. However, even lower
molecular weight SsAs oligomers approach a dendritic
or hyperbranched structure with a spherical shape.

A practical consequence of these considerations is
also, that the relatively low average molecular weights
of the synthesized SsA3-HBAPESs with their associated
low viscosities are completely sufficient for rapid
curable UV-systems.

3.3 Shrinkage Reduction by Hyperbranched

Acrylate Polyesters

The high volume shrinkage of acrylates during
radical polymerisation is often a big problem. It can
prevent the adhesion of UV-coatings to very smooth
substrates like metals and plastics. The shrinkage can
be reduced by using acrylates with a high molecular
weight per acrylate group = high double-bond
equivalent weights (DBEW). Normal low-viscous
reactive diluents like DPGDA, TPGDA, TMPTA and
GPTA have DBEWSs between 100 and 200 g/mole
acrylate-group with shrinkage values of >>10%. For
comparison, UV-cationic epoxide varnishes have
shrinkage values of 4 - 6 % and excellent adhesion e.g.
on aluminium foils. Their draw-back is the relatively
low cure speed.

A/B-ratio

0 4000 8000 12000 16000 20000

molecular weight [g/mole]

Fig.8 Dependence of Acrylate/Branch (A/B)-ratios of
three HBAPE-types on molecular weights.
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We expected, that hyperbranched acrylate

polyester-based coatings have lower volume-shrinkage
and thus better adhesion on difficult substrates and
also much higher cure-speeds than photocationic
epoxide coatings.
This expectation is based on the higher double-bond
equivalent weights of the HAPEs, which can be
estimated from the monomers' molecular weights, the
resins' Mn-values and the theoretical oligomer
structures with the ideal number of acrylate end
groups. In a similar way one can also calculate the
DBEW-values of acrylate combinations. Fig.9 shows
the dependence of the DBEW's of S3A2, SsA2, S4A3
HBAPEs (entries 2, 4 and 6 of Table 2) on their
molecular weights.

This plot shows that the DBEW's are higher than
those of their acrylate monomers DPDGA (DBEW =
121 g/mole acrylate), TMPTA (DBEW = 99 g/mole
acrylate) or TMPEOTA (DBEW = 143 g/mole acrylate)
and increase with molecular weight, at least for the
technical interesting oligomers with molecular weights
below ~5,000 g/mole. In contrast to conventional
acrylates with comparable DBEWSs, the number of
acrylate-groups/molecule, however, is much higher.
Shrinkage measurements were performed with 50 y m
thick cured films of S3A2- and SsA3-HBAPEs in varied
amounts of DPGDA, of SsA2-HBAPE/EPAC-1 mixtures
and of a conventional EPAC-1 resin in DPGDA for
comparison. The S3A2-HBAPE was entry 2 and the
S4A3-HBAPE entry 6 in Table 2. The data were
obtained by a density-gradient method for the
measurement of the specific density of the cured films
and a pycnometric determination of the varnish
densities. Calibration by known systems shows an
absolute error of £ 0.3 - 0.5 %. The measured
shrinkages are shown in Fig.10.

Fig.10 shows, that HBAPE compositions have
indeed a much lower shrinkage after curing than
conventional compositions like the DPGDA/EPAC-1
comparison. It is also evident, that shrinkage
decreases with increasing HBAPE-content, whereas
conventional EPAC-1/DPGDA varnishes show
increasing shrinkage with increasing DPGDA content.
It also demonstrates, that the SsA2-HBAPE gives much
lower shrinkage-values than the S:A3-HBAPE/DPGDA
combination, as expected from its much higher
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Fig.9 The dependence of double-bond equivalent
weights on the molecular weight for three types of
hyperbranched acrylate polyesters.

DBEW.

Though an appropriate HBAPE content is also
dependent on the desired application viscosity, useful
varnishes with 60 - 80 wt% resin have viscosities of 0.3
- 0.7 Pas/2500 , even with the more viscous SaAs-resins.

3.4 Adhesion Promotion by Hyperbranched

Acrylate Polyesters

Parallel to the shrinkage measurements, the
adhesion of 12 y m thick films of the tested varnishes
on aluminium-plates (Q-panel) and on untreated PET-
films was determined by adhesive-tape tests (TESA®
4104 [Beiersdorf]). The tapes remained on the films for
30 minutes before peel-off. This test normally failed
with conventional UV-varnishes on both substrates.
The results of these adhesion tests are included in
Fig.10. The open data points (O, O, o, A) denote
adhesion failure, whereas the filled points (m , 00, e ,
A) stand for full adhesion.

The comparison varnishes behave as expected,
because only the varnish with the lowest tested
DPGDA concentration of 20 % and a low shrinkage of
6.5 % showed adhesion. However, this composition has
an impracticable high viscosity. The same is true for
the HBAPE/ EPAC-1 combinations, though they have
excellent adhesion.

Most remarkable is the very good adhesion of the
S4A3-HBAPE varnishes even at low resin contents and
thus high shrinkage values of 10 - 11%. Varnishes with
the SsA2-HBAPE showed adhesion only at much higher
resin concentrations and below 9% shrinkage. This
difference is probably a consequence of the different
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Fig.10 Cured-film shrinkage in dependence on HBAPE
[DPGDA] content.

molecular shape of the two HBAPE types and
demonstrates, that good adhesion is not only
depending on low shrinkage, but also on the structure
of the HBAPE. We have studied SsAs-HBAPES, also
made from penta-(0.75EO/OH)-tetrasorbate but
different triacrylates, which had the same shrinkage as
the described system but no adhesion on aluminium or
PET.

3.5 Other Coating Properties

UV-coatings with hyperbranched polyester resins,
especially with SsA3-HBAPE, have some other
interesting properties besides high UV-reactivity, rapid
surface curing and good adhesion. Their UV-cured
films have excellent appearance with very good
levelling and gloss. The pencil-hardness of even thin
films can reach values of 2-3H, but are dependent on
the HBAPE concentration. Practical useful systems
with hardness values of about 2H contain 50 - 60% of a
HBAPE resin and have viscosities of 2 - 400 mPas.
Generally the hardness decreases with increasing
HBAPE content and becomes impractically low (<B)
at concentrations above 70% in the varnish. Such
systems, however, can be used as UV-curable primers
for conventional pigmented UV-coatings or -printing
inks, which have no adhesion on metals or untreated
PET. Tests have revealed, that such basecoat/topcoat
combinations can have excellent, even cross-hatch
adhesion on these substrates and also higher hardness,
scratch- and solvent-resistance and a very good-
interlayer adhesion.

In addition to the possible high UV-cure-speeds,
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they offer excellent film properties like gloss, levelling,
flexibility, surface hardness and also good adhesion on
difficult substrates like aluminium.

4 Conclusions

The aqueous Diels-Alder emulsion polymerisation
of polyfunctional sorbates with acrylates, having at
least one function less than the polysorbate, leads to
dendritic polyesters with acrylate end groups under
controllable and reproducible reaction conditions. The
resulting resins contain residual amounts of acrylate
monomers due to incomplete polymerisation, but this
is no problem for UV-applications. As this process is
generally applicable, it is possible to vary the dendritic
polymer structure from linear-branched to
hyperbranched and also the acrylate end group
functionality by variation of the polysorbate and
polyacrylate structures and functionalities to design
polymers for specific applications and specifications.

Despite their high molecular weights of several
thousand g/mole, the new HBAPEs are relatively low
viscous liquids at least in comparison to linear
polyester acrylates.

The UV-reactivity is increasing with the functionality
of the sorbate and acrylate HBAPE-monomers,
because the number of acrylate end groups is
increasing. Very low UV-doses are sufficient for the
through-curing of practical coating formulations with
tack free surfaces and good adhesion on metals and
PET.

Especially S:A3-HBAPEs are valuable, new resins
for UV-curing applications, because they have
relatively low viscosities of only several Pas, a high
acrylate functionality and good compatibility with
many commercial comonomers and can be easily
synthesised from a variety of commercial triacrylates.

Permission for modification of Reprint, courtesy PRA®
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Disruptive Technologies: Opportunities for Organic Chemicals in
Information Technology

Osi Naoki

Current information technology is based on a technology using silicon and related materials. This
paper will look at the possibilities for new technologies that use organic materials and new
manufacturing methods. Examples of innovations are light-emitting materials and electric circuits.
This paper examines technologies and companies from the perspective of disruptive technology
and business model. The results suggest that there are many opportunities for chemistry and
chemicals to be used in new technologies for the development of displays, light-emitting materials
and electric circuits. While the disruption of technologies is not easy to predict, however, it may

occur if successful innovations emerge.

1 Models of Innovation and
Disruptive Technology

Innovation, which is important for a company to
grow, has been studied by a number of scholars over
many years. Moreover, many models, such as the
Schumpeter | and Il models, the Incremental-Radical
dichotomy model, the Abernathy-Clark model, the
Henderson-Clark model, the Utterback-Abernathy
model, the Tushman-Rosenkopf model, and Foster's S
curve models, have been developed.”

Recently Christensen proposed a new framework for
the impact of sustaining and disruptive technological
changes. Christensen studied the history of hard disk
drive industry from the viewpoint of innovation,
disruption of technologies and companies in the
industry. He proposed a framework based on the
following findings.? The first finding is the distinction
between sustaining technologies and disruptive
technologies. Sustaining technologies are technologies
that improve the performance of established products
in the mainstream market. Disruptive technologies are
new technologies that help develop new products,
whose performance may not be as good as the
established product but which bring new features and
new customer value. Products made by disruptive
technologies are generally cheaper, simpler, smaller,
and frequently, more convenient to use. This ancillary
performance from the viewpoint of the main market is
an important element for disruptive technologies. The
second finding is that sustaining technologies often
overshoot market requirements. When performance of
products based on sustaining technologies overshoot
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the requirements of low-end users, they allow products
based on disruptive technologies to enter the low-end
market initially and the main market later on. The
disruptive technology may improve its performance and
compete with sustaining technology in the future. The
third finding is that established companies cannot
financially rationalize investment for disruptive
technologies. This is because profit of new business is
smaller than that of old business.

Established firms often fail when they are not able to
manage disruptive technologies and try to fight against
them with their existing technologies. One of the key
findings is that the companies that entered emerging
market has much higher success rate and higher sales.?

Another important suggestion of disruptive
technology is that there may be no market for
disruptive technology in the beginning or prior to the
commercialization. Learning and discovery are very
important to manage disruptive technology.? Examples
of those disruptive technologies are Honda motorcycles
in North American market and Intel microprocessors
according to Christensen.® Honda’s little 50 cc
Supercub was much smaller than other bikes and had
no market when it was first introduced. It created a new
market and then became an established motorbike
years later. Intel’s original microprocessor was used for
a Japanese calculator. This microprocessor was small
and simple but had limited capability compared with
the circuit used in the large computers. However, the
Intel’s microprocessors became the company’s robust
business years later.
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2 Selected New Technologies

This section will focus on new technologies such as
organic light-emitting diodes (OLED), solar cells and
electric circuits (conducting polymer). These
technologies are chosen not only because chemicals
play an important role but also because the products
and technologies are closely interrelated. Conducting
polymers for conventional use such as anti-static
applications are excluded from the discussion.

2.1 Organic Light Emitting Diodes (OLEDS)

There are two types of OLED: one is a low-molecular
type and the other is a polymer type. The technologies
for both are closely related to the technologies
previously developed for other applications such as
organic photoconductors (OPC) for copy machines and
p-n junction of organic compounds for solar cells. The
first organic light-emitting diode was developed in the
1960s and used anthroquinone. The breakthrough was
made by Kodak (published in 1987) using new light
emissive materials (tris-[8-hydroxyquinolynite]
aluminum). Organic light-emitting diode and conducting
polymer have received great attention, particularly so
since Prof. Hideki Shirakawa, Prof. Alan J. Heager and
Prof. Alan G. MacDiarmid received the Nobel Prize in
2000. The first OLED display was commercialized by the
Japanese electronics company, Pioneer Corporation, in
1997, and was used for electronics equipment for
automobiles.

OLED technology has advanced significantly in recent
years. The advantages of organic light-emitting diode
compared with liquid crystal display include response
time and viewing angle. Large-size, full-color displays
have not yet been developed. However, Sony has
announced in February 2001 its intention to complete
the building of the production technology for a 13-inch
full-color display with Universal Display Corporation
(UDC) by 2003» Samsung announced the success of a
prototype of 15.1-inch full-color display in November
2001 In March 2003 Chi Mei Optoelectronics (CMO)
announced a prototype of a 20-inch full-color display
based on OLEDs by International Display Technology
(IDTech).> Among the companies and universities doing
leading research in organic light-emitting diode are
Cambridge Display Technology (CDT)9, Uniax
Corporation*?'»  Universal Display Corporation
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(UDC)*®, and Eastman Kodak Company.**#

2.2 Conducting Polymer and Electric Circuits

Current inorganic microelectronic devices are
generally fabricated with techniques such as diffusion,
thermal oxidation, ion implantation, photolithography,
etching, evaporation, sputtering, chemical vapor
deposition (CVD) and high-temperature (>10000 ) film
growth. New technologies using organic compounds as
functional materials or a dispersion of inorganic
nanocrystals are emerging to make electric circuit,
transistor, memory, and related materials such as
transparent plastic electrode. Unlike the current silicon-
based technology, the new technology offers, if
successful, a simple and less expensive manufacturing
method (printing) for new applications. The potential
applications of electric circuits using polymers and
organic semiconductors are flat panel displays,
electronic tags, smart cards, anti-counterfeit devices,
medical diagnosis tools, memory, sensors, disposable
electronics and wearable computing. Among the
companies and universities doing leading research in
conducting polymers and electronic circuit are
Elecon®®, Plastic Logic*®, Lucent Technology / Bell
Labs®*?, Rolltronics Corporation®®), FlexICs®®, MIT's
Media Lab®® and Alien Technology.*

2.3 Solar Cell*®

The first application of the photovoltaic solar cell was
for satellites in the 1960s. In the 1970s, ground-based
applications started. Though the market is growing,
price and energy conversion efficiency are key for the
wide use of solar cells. Solar cells are clean and offer
infinite energy. On the other hand, solar energy has
wide fluctuation and low density as drawbacks. Most of
the solar cells used in practice are silicon-based. New
type solar cell called Graetzel cell started attracting a
great deal of attention in the 1990s. Graetzel cell uses
dye-sensitized titanium dioxide. Its use of liquid
electrolytes is one of the major disadvantages because
of the lack of stability and operation temperature.
University of Cambridge's Cavendish Laboratory and
the Max-Planck-Institute for Polymer Research reported
a new photovoltaic thin film or self-assembling solar
cell that uses the combination of crystalline dye and
discotic liquid crystal. Photodiodes made from the films
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show external quantum efficiencies of 34% around 490
nm wavelengths. The film can be made directly from
solution. Among the companies and universities are
Konarka*, Sharp Corporation*® and University of
Cambridge.®*®

2.4 Electrophoresis Display

The concept of electrophoresis displays has been
known for years. Many other display technologies are
proposed for potential use such as electronic books.
Among those new technologies are the polymer
dispersed liquid crystal (PDLC) display, polymer
network (PN) liquid crystal display and cholesteric
liquid crystal display. Electrophoresis display started
attracting researchers as a potential application for
electronic book especially because of bistability (low
power consumption) and high contrast. Among the
organizations doing leading research in electrophoresis
display are E Ink®* and Gyricon.*®» The E Ink electronic
display is a reflective electronic display that uses
electrophretic ink. The principal components of
electronic ink are microcapsules that contain positively
charged white particles and negatively charged black
particles suspended in a clear fluid. A black and white
image can be achieved by electro migration of black and
white particles. E Ink’s first commercial product is a
display called Ink-in-Motion™. It is a motion display
with preset content for advertising at the point of

2.5 Fabrication Process

The fabrication process is important in the
manufacture of products. Process innovation has
played an important role in many manufacturing
industries. Patterning technology is also important in
the manufacturing of many devises. Photolithography,
which uses photo mask and photo resist, is the
dominant method for patterning used in the
semiconductor industry. There are many technologies
for patterning. Among those are nanomachining such as
STM and AFM, printing, imprinting, soft lithography and
near-field phase-shifting photolithography.5*

Soft lithography®® is a non-photolithographic
method based on self-assembly that has the potential to
fabricate nano- and micro-scale structures and allows
two-dimension structure control, and micro patterning
or three-dimensional control of devise structures. There
are some shortcomings, however, such as deformation
of the stamp, defects in the pattern and difficulty of
precision registration. Cost is expected to be reduced
(much lower cost). Traditional performance is not as
good as current lithography because soft lithography
may have poorer lateral dimensional stability and more
defects compared to the conventional fabrication
methods such as photolithography and CVD (chemical
vapor deposition). Soft lithography is not probably a
direct competitor to photolithography. Ancillary
performance is better because soft lithography process

purchase. produces smaller features than photolithography.
Bioassay for the pharmaceutical industry is an example
Table 1 Selected Technologies and Products
Technology OLED Electrophoresis Conducting (Semi-) Graetzel Cell
Polymer Conducting
Polymer/Organic
Chemicals
Product Display Display Circuit Circuit Organic solar
(ITO substitute) (organic cell
transistor)
Cost Down Down Down Down Down
(in future) (in future) (in future) (in future) (in future)
Traditional Up Depends on Up & down Up & down ?
Performance application
Ancillary Up Up Up Up Up
Performance (vs. LCD) (vs. LCD) (vs. ITO) (vs. inorganic) (vs. inorganic)
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of application of soft lithography. Surface Logix
produces advanced miniature bioassays based on the
work of Prof. George Whitesides in soft lithography.*”

3 Analysis from the Viewpoint of
Disruptive Technology and
Business Model

Products, including proposed products that have not
yet been commercialized, examined in this study show

the general trends outlined in Table 1.

1. There are great uncertainties in traditional
performance.

2. Most of the technologies and products focus on low
price and better ancillary performance such as low
cost of manufacturing in organic electric circuit and
flexibility in conducting polymer for electrode.

3. Companies that are active in the fields studied are
different from the existing incumbent companies in
many cases.

4. Most of the technologies and products are not
focusing on expensive and better traditional
performance to compete with existing technologies
and products.

It is not easy to discuss disruptive technology because
there are many new technologies that compete with
existing products in many different ways and because
there are many possible disruptions in one category of
technologies and products. For example, many
companies are pursuing different approaches to organic
light emitting diode.s®*? Whether or not there is
replacement or disruption of companies depends on the
performance the company achieves and the strategy it
takes.

If we compare liquid crystal display with organic light
emitting diode, for example, organic light emitting diode
has a potential to become disruptive technology. The
definition of traditional and ancillary performance
depends on the applications for organic light emitting
diode. It is reasonable to conclude that organic light
emitting diode do not have better traditional
performance with respect to color reproduction and
lifetime at this point. However, organic light emitting
diodes offer better performance with respect to a wide
visual angle, a high response time and a thinner
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structure than liquid crystal display. This performance
allowed organic light emitting diode to be used in
applications such as audio appliance for automobiles
and PDA, while they are competing with liquid crystal
display in terms of traditional performance. Whether or
not there is a disruption of technologies depends on the
performance of the products. It is important for organic
light emitting diode to create a market such as lighting
and very different product such as a display for clothes
because the market may be limited if the product is a
replacement of existing liquid crystal display.®®

It is interesting that the liquid crystal display has been
widely accepted as a display even though liquid crystal
display is generally more expensive and has lower
visual performance than CRT. This is because the
ancillary performance of liquid crystal display, size and
low power consumption, is essential for mobile
applications. In other words, mobility of display is more
important than traditional performance in the case of
applications for mobile applications. If the market
values the ancillary performance or if the ancillary
performance opens a new market as in the case of
liquid crystal display, then organic light emitting diode
have great potential to successfully create value.

It is interesting that organizations that are active in
the development of new technologies studied in this
paper are quite often different from the incumbent
companies in the industry itself. For example,
Cambridge Display Technology (CDT), Universal
Display Corporation (UDC), Uniax, and Kodak are
actively developing organic light emitting diode
material, however, these companies are not major
players in the liquid crystal display market. On the other
hand, IBM and Lucent Technologies are developing new
technologies (organic electric circuit) in addition to
developing current technologies (silicon base
technologies).

Performance /cost is an important factor for organic
electronics for diffusion. Main analyzed the
performance/cost and advantages for light emitting
polymers. She suggested that light-emitting polymer for
TV, computer monitor is a revolutionary innovation,
and that for wireless application is an architectural
innovation.®

In conclusion, the possibility that the above
technologies or products may become disruptive
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technologies cannot be excluded because the overall
observation fits the definition of a disruptive
technology.
1. The companies believe that products such as
organic light emitting diode, electric circuit and
organic solar cells are less expensive when the
products are in full production (organic light emitting
diode, electric circuit by coating or self-assembly).
2. The companies are focusing on ancillary
performance (for example flexibility).
3. Traditional performance is probably not as good as
that for current products.
4. Active research groups are different from
mainstream groups in the industry.
However, whether or not a new technology becomes a
disruptive technology strongly depends on the
performance of a new product; in other words, it
depends on the existence of innovation and scientific
discoveries.

The business models vary by company and in some
cases is still not clear. The business models include
most of the possible models for chemical and materials
companies including the following:

1. Manufacturing and sales of materials

2. Manufacturing and sales of components

3. Manufacturing and sales of final products

4. Technology licensing
Many strategic partnerships are observed in the areas
studied. For example, CDT has formed partnerships and
alliances with various companies such as materials,
components and OLED panel manufacturing
companies. Incumbent companies also have similar
alliances and partnerships. Among the models,
licensing-only business model seems to be the least
attractive business model among the companies
studied.

Fig.1 shows the source of the key technology for the
companies studied. The original source of technologies
is not clear for some of the start-up companies.
However, many start-up companies started with a
technology originally developed at a university or
national laboratory. Professors and researchers from
the organizations where the original research was
conducted are sometimes involved in the start-up
companies. Large companies have several choices;
internal R&D, equity investment, alliances and
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acquisitions. Evaluation of the source of the key
technology for incumbent companies was not clear in
some cases because internal research activities have
not been studied. The fact that companies pursued
sources of new technologies outside their organizations
does not necessarily mean that they weren’ t also
conducting in-house research at the same time.

4 Conclusion
Followings are the summary of general observations
in the fields studied.

1. New technologies for, and companies producing,
organic light emitting diodes (OLED), organic solar
cells, conducting polymers for electric circuit, organic
transistors, single molecular memory, and
manufacturing architectures are emerging.
2. The new technologies compete with existing
technologies.
3. The new technologies are focusing on
inexpensiveness and ancillary performance.
4. Many of the new technologies are immature.
5. New concepts of manufacturing technologies are
also emerging.
6. New technologies tend to emerge from
organizations other than mainstream technology
companies.
7. Scientific research plays an important role.
8. The key technologies of start-up companies tend to
originate from academic institutions and national

Source of key
technology A,B,C,D,EF, G, LLK,LMN,O,
H P, Q,R,S, T,U,V
Outside
company
W, X, Y,Z, AA
Inside
company
Start-up Incumbent
Company

Fig.1 Matrix analysis of source of key technology for
start-ups and incumbent companies. (Company
names are shown by alphabet.)
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laboratories.

9. Leading technology development companies are for

the most part seeking strategic partners.

10. Start-up companies and incumbent companies are

developing similar technologies in many cases.

11. It is not clear whether new technologies are

disruptive technologies in the beginning stages.
Observing the new technologies studied reveal the
following general trends.

1. They focus on inexpensiveness.

2. Initial product performance may not be as good as

that of the current product.

3. New technologies are not emerging from

mainstream research groups.
While the above three trends suggest the technologies
studied may be disruptive technologies, it is too early to
make a definitive claim. Ultimately, it will depend on the
performance achieved. It seems that disruption of
technologies is “ a result” and is hard to predict when
the technology is immature. In the case of organic light
emitting diodes (OLEDs), the fact that OLEDs started
taking off as a business in some applications, such as
car audio displays for example, and that over all
observations follow the concept of disruptive
technology suggests the possibility that a disruption of
technology (from liquid crystal displays to organic light
emitting diodes) cannot be excluded. Whether or not
OLEDs become a disruptive technology, however,
depends on the future innovation.

Current information technology is based on silicon-
base integrated circuits, CRTs, and liquid crystal
displays. The transistor was invented by Dr. John
Bardeen, Dr. Walter Brattain, and Dr. William Shockley
at Bell laboratories in 1947 in the US. The transistor
replaced the vacuum tube, which was invented by Sir
John Ambrose Fleming (University College) in 1904 in
England. The integrated circuit was invented by Mr.
Jack Kilby at Texas Instruments in 1958 in the US. The
integrated circuit market has grown considerably since
Kilby’s discovery and in 2000 stood at $177 billion. The
end equipment market is worth nearly $1,150 billion.®
The CRT was invented by Dr. Karl Ferdinand Braun in
1897 in Germany. CRT sold 240 million sets ($25 billion)
in 1997.% Liquid crystal display was invented by RCA in
the 1960s in the US. Liquid crystal displays sold 32
million sets (910 billion yen, approximately $9 billion) in
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1997.%9 Those data show that silicon-base integrated
circuits, CRTSs, and liquid crystal displays have created
great value.

Dr. Gordon E. Moore, of Fairchild Semiconductors
(now Intel Corporation), predicted that the number of
transistors per integrated circuit would double every
two years and that this trend would continue through
1975.% Moore's Law has been maintained for far longer
than initially predicted because of continuous
innovations. The number of transistors per chip
increased from 5,000 (Intel 8080) in 1974 and had
reached 42,000,000 (Pentium 4) by 2000.°” However, the
cost of manufacturing plants has also increased
significantly. Each plant cost $3 billion in 1998.% It is
estimated that the cost of a plant will increase to $50
billion in 2010 assuming that the cost continues to
increase at the same rate in the past.®

Although silicon technology continues to improve, it
is not clear how much further it can improve. Is there a
possibility that new technologies such as plastic
electronics could replace some part of the silicon
technology or create a new market that would result in
silicon technology having difficulty creating value in the
future? Those questions are hard to answer. However,
the possibility cannot be excluded because there is
much research and development attempting to create
value in the area of organic light emitting diodes
(OLED), organic solar cells, conducting polymers for
electric circuits, organic transistors, molecular memory,
and manufacturing architectures.

gobooobooooboooooooooooooon
gobooooocooooobooocooooooo
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Peelable UV Curing Pressure Sensitive Adhesives for Direct Mail
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Table 1 Characteristics of Peelable Pressure Sensitive

Adhesives
Film Paste UV adhesives

Productivity x (offline) o (offline) O
Press speed X o o

Cost X o 0 (inline)
Gross o x o
Recycle X o o
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Table 2 Typical Properties of Daicure Clear Coationgs
UV-1450HB and UV-1451

Appearance Transparent Liquid
Non Volatile 100 wit%
Viscosity[] ZC#4, 2500 O 35 sec.

UV Irradiaton 60 mJ/cm?
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Table 1 Application of DICDRY LE Series

(Grade) Mixing Applications

Main Resin/Hardner ratio Frozen foods, Boilable Retortable Foil-containing
Snack pouches pouches pouches pouches

(Polyester-type Adhesive)

DICDRY LE-2001/HD-100 18/2.6 - Good Good Good

(Polyether-type Adhesive)

DICDRY LE-3001/SR-75 9/18 Good - - Good

Frozen foods, Snack pouches

BoilabLE pouches

RetortabLE pouches

Foil-containing pouches:PET/AL/LLDPE, PET/AL/CPP
OPP:biaxially-oriented polypropyLEne film
VMCPP:vacuum metallized polypropyLEne film
CPP*:retortabLE grade non-oriented polypropyLEne
Nyl:polyamide film
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:OPP/CPP, OPP/VMCPP, PET/VMCPP etc.
- PET/LLDPE, Nyl/LLDPE etc
: Nyl/CPP*, PET/CPP* etc

CPP:non-oriented polypropyLEne film
LLDPE:linear-low-density polyetyLEne film
PET:polyester film

AL:aluminium foil

Table 2 Comparison of Solvent Retention between
High-solid-type Adhesive and Conventional one

Solvent Retention (mg/m?)

(Polyester-type Adhesive)
DICDRY LE-2001 /HD-100 0.49
Conventional 7.82

(Polyether-type Adhesive)
DICDRY LE-3001 /SR-75 0.12
Conventional 3.69

Test condition:
Structure: OPP-ink/VMCPP
Ink: 2-printings high-conc.-type white ink
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Low Formaldehyde Emission and Productivity Improvement, Phenolic

Resins “ PHENOLITE® PG” Series
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Table 1 Hot Press Condition (15 O plywood)

Resin type New type PF Common typePF MUF UF
Temp(O) 130 120 120
Time(sec.) 350 370 260
Time(%) 45 47 33

(New type PFOO PHENOLITE PG-Series)
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Environmentally Benign UV Curing Type Coatings and Inert Gas UV

Coating/Curing Systems

-Super Stain/Scratch Resistance® PORYMEDIC®” Series-
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Fig.2 Relationship between gloss and stain under
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Table 1 Performances of Coatings Cured under
Different Conditions

Conventional | POLYMEDIC | Convenrtional
Coating Cured | Optimized N2 Coating
under Air Cured under N2
g Hairdye P G-E P-G
=4
£ | Shoe polish P E G
Q
Z Marker P E E
©
@ | Curry powder P-G E E
_ o | 30%NHsaq P E G
8¢
OE)% 10%HClaq P E G-E
L o
© = | 10%NaOHag P E G
Steel wool scratch P E P-G
Gloss 25 28 30

E:excellentd G:goodU P:poor
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Fig.3 Relationship between oxygen concentration and
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Double Coated Adhesive Tape“ DAITAC® #8612LSR-W”
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LCD panel

Double-sided adhesive
tape(downside:white)

Back light module

Prism film

Diffusion film
LED
Reflection film

Plastic frame

Fig.1 Structure of LCD (Liquid Crystal Display).

Max width: 980 mm
Tape Thickness: 0.05 mm

White/Black PET 12 gy m

Antistatic agent
in release film liner(75 ym

Fig.2 Structure of #8612LSR-W.
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Table 1 Properties of #8612LSR-W

#8612LSR-W

Peel strength SuUS 14.0
at 180° angle Polarizing Plate 11.0
[N at 20 mm] ABS 135

PC 14.0
Holding Power(7000 ,0.5 kg) [h] 24<
Ball Tack [No.] 3>
Hiding Power [%] 99.9<
Reflectance (40001 700 nm) [%] 70

REFLECTANCE(%)

0
380 420 460 500 540 580 620 660 700 740 780

WAVE LENGTH(nm)
Fig.3 Reflectance of #8612LSR-W (white side).
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#R612ZLSR-W: Excellent Anchoring

Competitor’s: NG Anchoring

Removal by frame twisting

Fig.4 Reworkability. Fig.5 Anchoring.
16

12

Peel strength [N at 20mm]

#8612LSR-W Normal

Fig.6 Peel Strength of #8612LSR-W.

el #8612 SR-W
sl ormal

Voltage (-KV)

0 5 10 15 20 25
Release speed

Fig.7 Antistatic ability of #8612LSR-W.
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Easy Open and Resealable Film* DIFAREN® L8300T”

JUooudooudotUDIFAREN® L8300TH
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a:resealable film b:container c:content
al:seal layer

a2:resealable layer(X)

a3:polyolefin layer

Fig.1 Interlayer peeling mechanism.
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reseal strength.
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Fig.3 Surface of resealable layer after peeling in high
reseal strength.
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Fig.2 Surface of resealable layer after peeling in low

Resealing

Fig.4 Image of resealable film usage.
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Transparent Styrenic Resin® CLEASIST® TS-10" for Injection and

Extrusion Molding
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Fig.1 Impact strength vs. content of SBS resin.
O Sheet thickness is 0.4 mmQ
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Fig.2 Haze vs. content of SBS resin.
0 Sheet thickness is 0.4 mm{
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Fig.3 This picture is the package of TS-10/SBS resin
put into the thermo-hygrostat for 8 hours at 6500 and
80 %RH.

Table 1 Properties of CLEASIST TS-10

TS-10
MFR® (g/10min) 8
Flexural strength? (MPa) 92
Flexural modulus (MPa) 3,080
Whitening on bending good?

1) MFRO Melt Mass-Flow Rate (20000, 5 kg)
2) based on ISO standard
3) Data of TS-10/SBS blend
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Biaxially Oriented Polystyrene Sheet* DIC SHEET OPS® SHB” with

Improved Antifogging Property
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Fig.1 Pressure-forming process of OPS.
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Tablel General Properties of SHB and SB

Properties/Grade SHB SB
Trancepearency G G
Thermoforming G G
Slipping G G
Low-temp Antifogging E P
High-temp Antifogging E M

E: Excellent, G: Good, M: Middle, P: Poor

Fig.2 Antifogging test of new product SHB.
Table 2 General Properties of CHB and HRB

Properties/Grade CHB HRB
Trancepearency E G
Thermoforming E M
Slipping M M
Antifogging E E

© Thermal Resistance Mo E

E: Excellent, G: Good, M: Middle

gogougg
Fig.3 Antifogging test of cnventional product SB. 2002070 0000000 SB” 00000000

“SHB” DO00O0O0o0O0oooOooooooocooood
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UV Curable Inks for Color Code Optical Fiber at Faster Line Speeds

“ GRANDIC® FC 8007" Series

J0ddduoobodnbddiuvh b bd GRANDIC® FC 800700 U O O
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Fig.1 Coatings of optical fiber.
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Table 1 Properties of GRANDIC FC 8007

Properties FC 8007
Color 12 colors
Specific gravity (230) 1.101.2
Viscosity (2500) 2.00 5.0 Palls
Young’'s modulus 100000 1800 MPa
Tensile strength 3000 100 MPa
Tensile elongation 2010%
Maximum diameter of pigment O50u m

Table 2 Durability for the Adhesion to Secondary
Coating with Abrasion test of GRANDIC FC 8007

Atmosphere (at 8001 ) 10 days | 30 days

in air Good Good
in water Good Good
in mineral oil Good Good

Good: No Abrasion and No blister
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Fig.2 The colors of optical fibers.
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Cyber Color-Match System

—Color Communication Tool for Plastics in the Internet-
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Fig.1 Overview of Cyber Color-Match System.
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Fig.2 An example of the system configuration.
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Fig.3 NCC Color Sensor (MINOLTA) and program CD-
ROM.
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