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Manufacturring and distribution chain

polyols, anhydrides, diacids, epoxides,
Basic raw PP —

materials (meth)acrylic acids and ester

styrene, isocyanate

Monomers ——— multifunctional monomers

+

Polyester acrylate(PEA),
Oligomers «———  Epoxy acrylate(EA)
Urethane acrylate{UA}
Polyether acrylate(PO)

Silicone acrylate
Y

Formulations «——  pphotoinitiators—| radical photoinitiators
pigments cationic photoinitiators
fillers visible photoinitiators

Y

End Users == UV oven, EB accelerators, visible light {laser)
Application machines
Substrate

Components of Radiation Curable Resins and Coatings

|Epoxides | lsocyanatesl l Polyetherl IAcryIic acid Polyols

| |

Functional Monomer

-Epoxy
o——| -Ester —
/\[r -Ether 0\]/\ Photoinitiators
o -Urethane o
-Silicone
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some cationic photoinitiators
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Advatages and disadvantages of rad-cured finishes

Advantages

. Low energy consumption

. Very rapid cure at ambient temp.

. Use of 100% solid system

. No solvent emission

. Elimination of use od fossil fuels

. Reduction in required floor space

. Automated high production throughout
. Ability to coat heat-sensitive substrate
. High flash points

. One-pack system possible

. Minimal waste & long self-life

. Immediate handling of coated products

Disadvantages

. Equipment can be expensive

. Limited range of suitable materials

. Inferor appearance on metal substrate

. Difficult to coat complex shapes

. Concern over toxicity & saety

. High raw material costs

. Difficult to formulate at low viscosity

. Inert cure atmosphere necessary for EB
. Relatively inferior durability

. Restrictions on pigmentation

. Limited thickness for pigmented films
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L Development of the product classes l

Isocyanate
Acrylate

1 Acrylated

. polyacrylates

Polyether
Acrylates

'
'
.

vinyl ether

urethane

Polyeser
acrylate

Unsaturated
polyesters

.
v
'
'
i
'
'
.
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acrylate
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Functional
monomers
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Major end-use markets for rad-cured system

[ Flooring
Wood Furniture
| others

-Flooring

i Contalners

Plastics Automobile compartments
i Appliances

coatings Compact dics

| others

[ Optical fibers
Glass Glass ware
. Others

r Pipe coatings and under coat
sheet metal
L can coating

Packaging
Paper and board
P | Labels and adhesive tapes

Release coatings
Printing Flexo inks J
inks Litho inks
Overprint varnishes

Silk screen inks
Others

Metal

Dry film resists

Electronis [ Resist ink for PCBs
Liquid resists

Letterpress photopolymer plates
Flexo plate

Others [ Adhesives({PSA)
Dental implants
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The global radiation curing market (1983, tonnes)

_ Far East North | Others

End- use Japan Europe i Total
(a) America (b

Printing inks incl.OVP | 7,600 3,960 15555 | 20,035 300 47,450
Industrial Coatings 10,400 | 11,010 | 36455 | 16625 1,350 75,840
Opto—electronics 13,990 1,510 2,500 3,820 0 21,820
Adhesives 310 595 555 740 0 2,200
Other 230 100 450 400 50 1,230
Total 32530 | 17,175 | 55515 | 41,620 1,700 | 148540

(a) Far East' excluding Japan

{b) Others: South America, Eastern Europe, Middle East, and Africa

Annual consumption of raw materials for radiation curing in Japarn{1998)

Market(ton) Growth({%) Chemistry Market(ton)
Monofunctional
1,200
Acrylate
Monomers Bifunctional 3.600
(Diluents) 13000 40 Polyfunctional 5,200
Methacrylate 600
Other 2,400
Epoxy Acrylate 3,600
Urethane 3,500
Oligomers 13,200 7.0 Polyester ” 2,500
Other ” 600
Unsaturated
3,000
Polyester
Total raw
. 26,200 26,200
materials
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The radiation—curing application in Japan(1998)

Market Application field Market | Growth
ication fiel
(ton) kP (ton) | (%)
Wood coatings 7.500 5
PVC floor 700 -
Metal coatings 300 +
Coatings 12,500 | Vac. Dep& Hard coatings 1,700 +
Optical disk coatings 500 +
Optical fiber coatings 1,600 10
Offset ink 5,500
Gravure ink 1,200
Inks 7600 Metal coating 500
sitk secreen 400
Dry film resist 2.200 10
liquid resist 5,000 5
soider resist 4,400
Ethcing resist 600
. FElectro—deposition resist 360
Photoresist | 11,890
resist for color filter 720 20
semiconductor resist 1,010 12
photopolymer plate 2,700 2
Rapid prototyping 30
Others 540 Adhesives 310 10
Others 200
Total 32,530

Recent trend and Topics in Japan Market

The Markets of synthetic resin-coatings and UV curing coatings were 1,387,052 and
12,500 tons in 1988. therefore, the share of UV curing coatings was 0.9% i total coatings
consisting of synthetic resin.  Major applications of UV curing wood coating are flooring
and furniture. With increasing popularity of wooden floor in Japanese houses, UV curing
wood flooring coating has been growing rapidly since early 1990s. The wood finishing
and coating industries are the largest consumers of UV coatings in Japan.

UV curing PVC floor-coating market shows gradual shrinkage because new marketing
idea has been poor and some customers are changing to lamination.

Major applications of UV curing hard coating are for head light lenses, reflectors, and
audio parts for automobiles, and cellular phones. The technique of vacuum coating ' is
becomning popular in its field, mainly for head light lenses of cars. The domestic demands
of hard coating for cellular phone is increasing to 100 tons in 1998,

Optical disk application of UV curing consists of the protective coating for CD, CD-ROM.
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CD-R, MO and PD, and electrostatic preventive and protective coating, and also adhesive
for DVD. Among various segments, MO, PD, and CD segments were growing slowly,
whereas the growth of CD-R coatings reached to 733%(8.8 tons in Japan).

The market of UV curing optical fiber coating has been growing in FTTC segment which
connects remote terminals, Worldwide demands for the optical fiber is strong. All the resin
systems for UV curing optical coating are based upun urethane acrylate. From the
viewpoint of environmental protection, coatings without organic solvents as well as water
based coatings have been sustained.

Applications in Electronic Industry

Major marjets in japan lie in opto-electronics area consisting of photoresist, optical
fiber coatings, and optical disk coatings. the biggest market among those area is
photoresist, reached to 11,890 tons in 1998, The semiconductor resist are classified
negative-type, positive-type, g-lineresist(435 nm}, i-line resist(365 nm), KrF resist{248
nm({,  and ArF resist(193 nm), according to the light wavelength used for irradiation.
Photoresist for 4, 16, 64, and 128 megabit DRAM are commodity products, and facing on
severe competion. The next market shall be in 256 megabit DRAM and KrF resist is
comming into market. About 80% of the semiconductor resist is positive working, and the
negative working resist is decreasing because of the market need for finer structure. The
next generation resist is expected to be ArF resist. However, the life of ArF resist would
be short, because the resolution of KrF resist reaches now to 0.13 mm.
UV curable pigment dispersed color filter resist has been used since 1990, Almost half of
the color filters for TFT-LCD are using this process. For STN-LCD, UV curable
pigment dispersed color filter resist process is dominant, but electro—deposition and printing
processes are also used. The market size of UV curable pigment dispersed color filter
resist in 1998 was 720 tons. The big growth of the market is expected according to the
growth of LCD market.
The topic in this area is that the new type of color filter production process, so that, ink
jet printing process, is introduced into the market.
The resist process for constructing ITO conducting electrode has also been developed.
This process is easy to construct electrode compared with the common etching process of
vacuum deposited ITO film, therefore, it is expected that the process will be used widely.

Other applications

UV curing adhesives are used for optical parts such as prism and lense, injection
needles, watches, optical disk, LCD, and printed circuit boards. The total amount is small
and market size in 1996 was 100 tons. But this market has a great potential in LCD and
DVD, and indeed increased to 310 tons in 1998. Photo cationic system is applied to
adhesion of DVD disks. Also EB curing adhesive has a great opportunity in lamination
for flexible packaging.

Rapid prototyping process has been investigated in various industries such as
consumer-electronic industry, car, machine, and medical. Urethane acrylates and epoxides
are commonly used as rapid prototyping resins because of low shrinkage. Oxetane resin
has newly introduced into this application.

Other Technical Topics

There is big interest in cationic system in japan because of its minimal skin irritation and
its potential to provide for formulators with excellent cured film properties, etc. To
improve performance of cationic system, eg., curing speed of cationic system,
polvfunctional oxetane chemistry, polyfunctional vinyl ether chemistry as well as new
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initiators are the research and development. Highly hard coating, reaching to 8H in
pencil hardness, has been developed using the silicone oxetane derivatives.

Photo-alignment control for LCD is one of the hottest areas under investigation to avoid
the drawbacks of conventional rubbing method. Some advancement will be seen very
SOOI,

Photo reactive insulating materials have been developed for mult-layver circuit board in
sequential build up process.

UV curable gel-polymer electrolytes for Ii ion battery are being developed. Also new
solid polymer electrolytes for Li-battery other than poly(ethylene oxide) are under
development using EB processing.

Production of LCD and Large size PDPs, both predicted high market growth, utilize
various UV manufacturing process for production of these devices.
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Changing priorities in radiation curing

The attrativeness of radiation curing technology has changed.
In addition to the existing advantages of emission free coating technology
the fast economic process as well as the high surface qualities become more

important.
VOC reduction Fast curing
4 Treatable after curing
Fast Curing
Treatable after coating High surface quality
Small equipment : small equipment
Low costs low costs
Energy savings Energy savings
High surface quality VOC reduction
Priority In the 80s Today

New ways application for radiation curable coatings

Dual cure systems

The combination of radiation curing with eg. thermal curing overcomes
disadvantages of each technology:

Crosslinking even in shadow areas for 3D applications

Rapid curing

High hardness and stain resistance due to high crosslinking density

In addition, a stepwise construction of the network makes new application
techniques possible

Crosslinking at room temperature + UV Induced polymerization
ist addition polymerization, 2nd polyaddition

ex) polyisocyanates with acrylate groups

0 "
C-CH=CH, CH,=CH-C

OH O=C=N
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Application to sol-gel Nanotechnology

OH TCH:!
+ CH,;0-Si /\,om,g I
| 0
OH OCH;

Colloidal silica’

OR

colloidal silica acrylates: acrylic organosol

Acrylic silica organosols from Clariant

Highlink OG 103-33 (30% Si02 in HDDA , particle diameter 50 nm
Highlink 0G-108-32 (30% Si02 in TPGDA, particle diameter 25 nm

Radtect 99 Conference Proceedings, 523 {1999)
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Oligomeric Antistatic Agent

o] (]:Ha O H
- . HO P
OCN (CHZ)B..NJLN,(CHZ)G NCO \/‘:N/Y\O)J\I/\H
AL x| OH CH,
0" N"So Hy
{(I:Hz)e + +
NGO 0 Q
HO—(CH,)s'C -0 —(CHy),-O-C—-CH=CH,
%
HPA = _O"'CHchchz_O_C_O_CHchZ
O o] . HsoH CHs
n u
HPA~C-N(CH2)G~NJKN/(CH2)5NH-C-0’\/’7‘\J\/° ~-H
CH,
AN X" O H
07 NS0
(CHy)s

NH Q il
0=C—0=(CH,)s~C~0O—(CHy),-O-C-CH=CH,

5 ' O H
H >
SN o H
OCN—(CHp)s-NCO  + x| OH CHs
CHs
or
HPA Q or O

HO{CH_)s- C~0—(CHy),-O-C-CH=CH,

CH2:CH2'(":‘O'(CH2)2
|

H o . %HsoH CHs
T /
O-C—~(CH,)s-0-C N—(CHZ)S—-NH-'C—O’\/N\/L/O % ~H
— 0 X.CH3 O H
o]

0
HPA-O-
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Antifogging

1 Antifogging. coating

Acryl function

surfactant

hydrophilic
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