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UV Inkjet : Around the World

® UV Inkjet is a worldwide present technology

® Europe and North America are leaders on the market

® Each accounting for 35% share

® These areas has grown rapidly and will continue but at a slower pace
® Fast growing regions are Eastern Europe and Asia

® Emerging markets
® Production match the requirements of Western European markets

UV Inkjet market distribution in 2007
Market size : 1620 M€
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UV Inkjet : Europe

® Germany is the largest printing market but...
® ...UK leads the UV inkjet development

® Some specific markets
® Italy Digital textile printing
® Spain Inkjet printing on tiles

European UV Inkjet market split in 2007
Market size : 590 M€
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The Future of UV Inkjet
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Inkjet Printing key advantages & UV Curing additional benefits

Ink Jet Printing UV Curable Inks

® Direct from computer to print ® Instant drying on UV exposure

® Variable data printing ¢ 100% solids, no VOC emissions

® Short run efficiency ® No solvent handling /recovery

® Decreased set-up costs ® Low energy costs of drying

® Reduced switchover times ®  Printing on a wide range of

° |ower consumable inventory substrates w/ effective adhesion
levels and wastage ¢ Excellent film performance: High

gloss, high weathering, chemical
and mechanical resistances

Production Efficiency & Flexibility Product Performance & Sustainability



UV Inkjet Inks : Requirements & Challenges

. . —
High inter-dependency of components ‘Ué” é" 52’
on ink properties & performance: S/@o/E
o/ >/ 35
O/ D/ <
0
?e(\' High resistance to light, chemicals & mechanical degradation - |- |o
A\ Good adhesion to a wide range of substrates - |0

& [High cure speed (up to 100 m/min for single pass printers)
o Limited oxygen inhibition
Additives*: photoinitiators, dispersants & surface additives

- Key 0: Important

The overall challenge is to achieve low-viscosity, “|et-able”
Ink formulations, while preserving high reactivity and
superior cured film properties



UV Inkjet Inks : Key components and functions

Oligomers
- Pigment wetting and dispersion
- Ink film properties (adhesion, gloss, hardness)

Monomers (mono- or multi-functional)

- Reactive diluents (provide desired ink rheology)
- Crosslinking density

- Cure speed, adhesion

Oligomers 0-15% Pigment
Monomers 60-85% - Color (hue, chroma)
Pigment 3-8% Sl - Print durability
Additives 1-8% - Ink.rheology and colloidal stability
Photoinitiators 6-12% Additives
100% - Dispersion quality and stability ~ (dispersant)

- Flow & film forming properties  (leveling agent)
- Spectral sensitivity and cure speed  (sensitizer)
- Gelation stability, shelf life  (in-can stabilizer)

Photoinitiator

.- Spectral sensitivity

- Cure speed

- Ink viscosity and odor




Colorants Selection

Process colors (Y, M, C and Bk) are from far the more
important colors; longer term complementary colors,
white and effects will become important.

Though potentially attractive for good rheology (solutions rather than
dispersions), dyes are barely used in UV 1J (bleeding, fading and curing
reaction quenching).

Pigments are offering a broad range of possibilities; formulations are
often based on high performance colorants, due to demanding
applications such as outdoor exposure.

On the chemistry side, high performance C.I. are found similarly to
plastic and industrial coatings industry: quinacridone, diketo-pyrrolo-
pyrrole, benzimidazolone, Azo-metal-complex, etc.



A Low Viscosity and High Stability Challenge

Viscosity

Order of Magnitude (Pa.s)
® An order of magnitude lower than

flexo inks, a factor 2 or 3 lower
than varnishes!

UV Formulations

Waterless TORRAY

® Low and stable viscosity as no
adjustment possible in OEM
cartridges; Temperature control is 10-30 Web-Offset
used.

Sheet-fed Offset

5-10 Screen

_ _ _ _ 0.5-5 Flexography
® Pigment dispersion is under heavy

constraints (sedimentation, 0.1 OPV

flocculation, monomer shock, etc) ool Ink-Jet




Ciba® MICROLITH® Jet

a new generation of pigment preparations



Pigment Preparations for Easy Incorporation

® Easy incorporation in acrylate monomers
® Stir-in, only high-speed mixing required for dispersion
(e.g. dissolver w/ toothed disk head)
® Very fine, submicron-sized dispersion readily obtained
® Flocculation- and sedimentation-free

High speed
stirring

Acrylates Letdown
éi: I
Low dust pigment preparation UV pigment concentrate Final UV ink

These preparations are nothing else than “dry” concen trates



Strict Control of particles size and distribution

¢ Key advantage of preparations to avoid issues in 1J printheads.

® New generation Magenta measured after re-dispersion in a
CXO/EGBEA solvent borne systems

0 0.2 0.4 0.6 0.8 1
Particle size (mm)



Lowering the viscosity of concentrates

® Rheological behaviour in UV ink jet system
® Comparison against MICROLITH® Magenta 5B-K (PR 202)

Viscosity (mPa.s)
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Achieving low viscosity with difficult colors

Rheological behavior in UV ink jet system
® Comparison against MICROLITH® Yellow 4G-K (PY 151) in a SR238/SR9003 blend
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New Pigment preparations — Key Features

Pigment preparation, with high pigment concentration in a carrier
Low-dusting form

Stir-in, easily dispersible in common ink jet (eco) solvents

Highly compatible with acrylates, easy to incorporate into UV formulations

Very pure, bluish magenta shade available (yellow, cyan and black in
development)

High strength and gloss

Extremely low ink viscosity
Excellent ink stability

Good adhesion on vinyl substrates



Binder for UV Inkjet Inks

Achieve film properties with low viscosity systems



Inkjet : A Low Viscosity System

® Inkjet 25-30 mPa.S @25
® Low viscosity binder are required  Monomers !

® A wide range of monomers are available on the market, some of
them commonly used in inkjet systems are :

® Propoxylated Neopentyl Glycol Diacrylate (PONPGDA)
H;C
0]
HZCWOW/\O/\’/\O/\K W(\CHZ 15 mPa.s@25CT
0 CH, HaC HaC o 30,2 mN.m*
¢ 2-Penoxyethyl Acryalet (PEA)

10 mPa.s@25<C
37,8 mN.m1



New Monomer Development for UV Inkjet

® Key parameter for Inkjet binder :
® Achieve stable dispersions
® Cutting power lower the viscosity of the ink
® Thermal stability
® Avoid gelation when heads are heated
® Ensure a minimum shelf-life to the ink
® Provide film properties

® Thanks to Microlith® pigment preparation, it is easy to achieve a
stable dispersion.
® Focus on cutting power & stability



Understanding Monomer Cutting Power

Viscosity is not the only factor to reach low viscosity systems.

® DOGDA (300 mPa.s) is a better diluent for high pigment % than PEA (10mPa.s)
Propoxylation provide better affinity with the pigment than ethoxylation.

® See EO vs PO —-TMPTA curves below

Isophoryl Acrylate blends remain low viscosity although pigment content is

increasing.

Monomers’ Viscosity & Nature have an impact on the dilution
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Thermal Stability

® Thermal stability
® Longer ink shelf-life
® Lessrisk of gelation (nozzles)

® DSC which structure provides the highest onset temperature.

Thermal Stability of Monomers in Microlith ® Prepara  tion

REF : PO NPGDA

1 3EO TMPTA

2 3PO TMPTA

3 MPDA

4 TMPTA

5 Isophoryl Acrylate
6 PEA

7 CFTA

Tested samples :
® 15% Microlith
® 45% PONPGDA
®  40% monomer to test

Temperature ramp
from 160 to 230C at
10C/min



Thermal Stability

® The nature of the 40% monomer
has a huge impact on the overall
formulation’s stability !

—*>® Cycloaliphatic structure show
better stability

® DOGDA contribute to a temperature
shift of nearly 60C!

Monomer Tested T Onset
(40% of the formula) Polymerization
(C)
3EO TMPTA 186
REF : PO NPGDA 191
3PO TMPTA 194
MPDA 201
TMPTA 203
Isophoryl Acrylate 206
PEA 208
CTFA 238
DOGDA * V 248




From a Monomer Perspective...

® Formulating monomers optimizes the ink properties.
® Each monomer provide specific properties to a system

® Isophoryl Acrylate  Cutting power, adhesion
® Dioxane Glycol Diacrylate (DOGDA)  Thermal Stability

—> New monomers offering new possibilities for Inkjet fo rmulation

O CH3 O O CH3
H,c? |
CH3 HZC\
O
o o)
H3C

Isophoryl Acrylate DOGDA




...And on the Oligomers Side !

® Hight T°Head = New opportunities !
® Intoduction of oligomers

Monomer 3 PO TMPTA PO NPGDA Isophoryl Acrylate
Concentrate _ e 33% | 33% | 33% | 33% | 33% | 33%
PO NPGDA 61% 51% 61% 51% 61% 51%

Letdown Polyester Acrylate 10% 10% 10%

Pl 6% 6% 6% 6% 6% 6%

Visicosity @25T (mPa.s) 39,1 | 489 | 31,7 41 21,6 26,5

Flexibility (mm) 4 3 4 3 4 3

Film Properties |Solvent Resistance (s) 11 140 10 130 9 57
Gloss (609 78,2 91,9 73,2 95,5 68,2 95,8

® Film properties improvement
® Viscosity can still be controlled !



New Raw Materials for Radiation Curable Ink Jet Ink s

Conclusion :

® The inter-dependency of inks components has been clearly
demonstrated, with synergies beyond expectations

® The manufacturing of low viscosity concentrates and UV Ink
Jet inks Is possible with minimum compromises on pigment
concentration, stability and film performance

® New pigment preparations are enabling the use of oligomers
to optimize film and curing properties
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