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ABSTRACT

There is an increasing demand for UV/EB formulations without monomers. Water
dilutable oligomers offer one approach to formulations of this type.

In this paper several ways to use water as a primary means of reducing oligomer
viscosities are reviewed.

A number of new water dilutable acrylated resins were prepared having different
functionalities and properties.

Depending on the structure, viscosity decreases signrficaily by adding water. Good
reactivity, solvent and water resistance were achieved after curing.

INTRODUCTION.

One of the main advantages of radiation curable coatings is the fact that they are
solvent free and thus non-polluting. The resins used in the formulations are often high
viscosity and as such difficult to supply.

In order to get the right properties (viscosity, rheology) to allow application, diluting
monomers are added. These products bearing reactive groups are incorporated in the
network. Some of the more effective viscosity reducers, although not toxic may cause
skin irritation and sensitization.

This fact limits the use of radiation curable formulations in spray applications due to the
unavoidable formation of clouds of fine liquid particles that may provoke irritation of the
worker's skin.

Another drawback of some reactive diluents of low molecular weight comes from the
fact that they are easily absorbed by porous substrates like textiles, non woven articles,
fibre-cement slates, unsealed paperboards , etc.. On such substrates it has been
shown that during the time between application and curing some diffusion of the low
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viscosity reactive diluents occurs into the core of the substrate.
These diluents being shielded from the UV-light by the upper layers of the substrates
are not photopolymerized and remain unreacted. This behaviour impart unpleasant
odour to the finished goods and may also adversely influence some physical and
chemical properties of the coating e.g gloss, solvent resistance etc...
Urethane acrylates developed to give flexible coatings are normally high in viscosity.
The diluents added to reach the application viscosity will strongly influence the final
properties. The coating becomes less flexible, which makes it totally unacceptable for
coatings on flexible substrates.

Obviously, the most efficient way to get high performance coatings is to blend the
acrylated oligomers with inert solvents, which is commonly practised for some
applications where outstanding abrasion resistance is required e.g. varnishes for the
protection of plastic helmets.

However using this approach, we are losing 2 main advantages of the Radcure
technology: the absence of solvent emission which makes it ecologically acceptable
and consequently its lowflammability potential which is a major concern for the printing
and coatings industry.

Taking these considerations in mind, a large amount of research has been devoted in
order to use water as the diluent in radiation cure systems.

If compared to 100% organic radiation curable systems, those containing water may
have advantages with respect to the control of rheology and film thickness. However,
it is obvious that its use always bring drawbacks such as the necessity to introduce a
water removable step prior to radiation curing or, in certain cases, imparts a low water
resistance of the cured film. Some systems may still contain small amounts of organic
volatils (amine or glycol ethers that help wetting or film formation).

Applications where water based radiation curable systems can be used, or asked
are:

wood coatings
screen inks / varnishes
electronics
flexo plates
textile printing / coatings
flexo inks
general overprint varnishes

It is the purpose of this work to explore approaches for using water as a primary means
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of reducing oligomer viscosities for UV-curable coatings systems.

RADIATION CURABLE EMULSIONS

Mechanical emulsification of lipophilic resins with external emulsifiers and/or
protective colloids in order to manufacture oil in water emulsions is a possibility.
This technic allows to use chemical structures which are very similar to those currently
used in the radiation curable chemistry.

Particularly it is possible to use oligomers of low thermoplasticity and thus
structures exhibiting low film formation temperature.
Oiigomers bearing hydroxyl groups (like epoxy acrylates) are the most easable resin
to dispers .'However with this kind of process the quality of the applied and cured film
depends greatly on the manufacturing procedure which influences the mean droplet
size and the particle size distribution. These parameters have an impact' on film
formation behaviour which in turn influences properties such as drying time, water
vapour permaability, water resistance, gloss, pigment hiding capacity, etc...

Emulsion polymerization of acrylates bearing free unsaturated double bounds
are also known. These products can be used as a primer, but due to the low
unsaturation functionality introduced in the backbone, inherent to the synthesis and the
chemical process, the hardness of the cured film is too low for their use as top coat if
no multifunctional monomers are used as coalescing aid.

Tabel 1 gives an overview of the different emulsified acrylated resins with their nature
and their basic properties, available by UCB Chemicals.

WATER SOLUBLE ACRYLATES.

Non ionic hydrophillic groups.

These groups may induce water solubility or dispersibility through hydrogen
bounding with water molecules. Such groups are e.g. ether or amide.
Ether groups are easily built into the structure through polyethylene glycol or
polypropylene glycol which are commercially acvailable in a full range of molecular
weights. This building block can be used in the structure of urethanes along with other
m-acrodiols or reacted with acrylic acid.
With this kind of structure, the water sensistivity is built inherently into the cured film
and to compensate for this drawback a highly crosslinked natwork of the cured film has
to be obtained.

P.S Beside the non ionic groups, there are the ionic groups using amines as counter
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ions.
In this paper will only intend to discuss the acrylated water soluble resins containing
non-ionic hydrophilic groups

ADVANTAGES OF WATER BASED RADIATION CURE TECHNOLOGY:

Currently, coatings are going through a major evolution, low solids, solvent
containing paints with high VOC are decreasing in importance due to environmental
regulations.

When possible water based or solventless systems are used now. The growth
of the use of powder coatings, the UV-and EB technology are not only justified for
environmental reasons but also because they permit achievements of outstanding
performances in such area as metal protection and printing inks.

Taking in account the main advantages of UV-curing systems which contain only
reactive oligomers and diluents allowing high speed of transformation and requiring low
energy, it may seen contradictory to introduce water in such a composition, indeed
water is a poor solvent having a high internal cohesive energy and a high surface
tension. Consequently a lot of energy is required for its eveporation and the wetting
of polar materials is also problematic.

WHY COMBINE WATER WITH RADIATION CURE FORMULATIONS ?

1. The prepolymers used in radiation cure formulations are often very
viscous. Therefore it is difficult to apply them with the equipment such as curtain
coaters, spray guns and roller coaters when thin layers have to be applied as in the
case of photdcurable flexographic inks.
In order to get the appropriate Theological behaviour, oligomers are diluted with low
viscosity reactive mono- or multifunctional monomers. Some of these viscosity
reducers, although not toxic may cause skin irritation or sensitization.
Reactive diluents are also a part of the film structure which in some cases may
unfavourably influence the properties.
If water could be used as the diluent, these drawbacks would of course be eliminated.

2. High levels of reactive diluents induce shrinking of the cured film which
generates interrnal stress which adversely influence the adhesion. In certain cases the
level of crosslinking density which results from the high concentration of unsaturations,
induces an undesirable rigidity of the film.

3. With water as a diluent it is possible to adjust the thickness of a film by
varying the solid contents of the formulation.

4. Water soluble radiation curable products can also be used in special
applications such as photoimagable solder resists for the electronic industry.
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After UV-exposure through a mask, the unexposed resin is washed away with water or
an alkaline solution. , .

PREPARATION METHODS FOR RADIATION CUREWATER THINNABLE RESINS.

Different methods have been described to prepare a water-compatible photocurable
material:

1 ; Mechanical dispersion under heavy shear conditions of any conventional
epoxy- urethane- or polyester acrylate with the help of external emulsifiers or non-ionic
protective colloids such as PVA or PEG-PPG block copolymers. In order to get a stable
oil in water system and good film forming characteristics, the particle size distribution
has to be carefully controlled. Epoxy acryiates bearing secundary hydroxyl groups are
the most easily disperable pligomers. t ike conventional emulsions the Tg of the
oligomer influences its TMF, and consequently the conditions of the predrying step play
an important role for the cured film properties.
The main drawback of such:a method is the permanent water sensitivity induced by the
non reactive hydrophyllic emulsifying compounds.

2, •-:. Conventional vinyllie and acrylic structures in which free double bounds
are left uoreacted. This techoicroffers a broad latitude in; the design of the chemical
structures.. However, dye. to the fact that only a -limited, amaurat of unsaturated
functionality can be: introduced in the backbone to avoid intramicellar crosslinking such
system exhibit tow reactivity and are mainly used as a primer for wood coatings. •

3. Modification of structures by introducing polyoxyaJkyieneglycol portions
of various molecular weights and motar ratios in order to increase; the hydophilfic nature:

of the resin is used to make a water compatibility through hydrogen bounding with
water molecules. To obtain a stable emulsion or a solution, the level of oxygen atoms
in the backbone has to be relatively high. This means the cured film remains inherently
water sensitive and a high level of unsaturations has to. be introduced in the oligomer
to counteract this drawback. The mechanical properties of the cured film depend on the
lenght of the poyoxyethylene moiety and on the degree of branching. In order to
improve the water solubility or dispersibility, low molecular weight polyethylene giycol
diacrylates (e,g. Ebecryi 11) may be added to the oHgomer. Such compounds
significantly reduce the viscosity of the diluted solution without significantly affecting
t h e r e a c t i v i t y , -,• .- - . • • • " ;.. . , , ^ r . \ r : : . . ' - : . • . • - . • - , ; :: .;•• . - , : ; , : ' • • • • ; • . c : - . - r i . : . :• , - . , ; . : • . • • - • • - •

-r. A n o t h e r w a y t o so lub i l ize organ ic po lymers into wa te r is ta.introducfi
hydrophi l l ic ion ic g roups wh ich can:uratergo-neui ra l t2at ton; . y ;;>.;' ::••.-. •-•:.- ,,..•,; .,
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EXAMPLES OF WATER TH1NNABLE RADIATION CURE RESINS.

A POLYESTER ACRYLATE BASE
Based on the methods described in the previous section, various structures and
orrcuiations were prepared. In many cases there is.a need for a good water solubility
oefore cure and good water resistance after the curing step. Apart from the type and
the amount of water soluble groups used in the product the overall structure also plays
an important role as is shown in table 2 for water soluble polyester acryiates.
The formulations were cured by adding 5 % Irgacure 500 (CIBA) and 3 % of Ebecryl
P115 (UCB). The coating thickness was 10g/m2 and cured under a medium pressure
mercury lamp of 80W/cm.

B. URETHANE ACRYLATE BASE
Table 3 gives an overview of different water dilutable urethane acryiates, while Fig 1
shows the dilution characteristics of the different oligomers.
Table 4 shows the cure performance of the formulations.

WATER THINNABLE RADIATION CURABLE PRODUCTS USED IN SCREEN
PRINTING.

The water present in the formulation permits the right viscosity and rheology to control
the dry coating weight applied. In order to reach the right "touch" a coating weight of
15 g/m2 is needed (for textile printing). The best results for the screen printing process
are obtained with a formulation containing 20 % of binder in combination with a water-
thickener solution. The thickener solution is needed to get the appropriate rheology for
the screen printing. Lower binder concentrations are not suitable because of too low
coverage of the substrate. The pigment concentration is also very important. High
pigment concentrations (> 10 %) lead to decreased cure and rub fastness. By
combining printing parameters such as the type of screen, squeegee pressure and
angle, it is easy possible to reach a coating weight of 20 g/m2.
A typical formulation and its performance is shown in table 5.

CONCLUSIONS / CONSIDERATIONS.

Water dilutable radiation curable formulations offer new possibilities for the printing
industry as they allow reduction of coating weight without using solvents. The results
indicate that overall properties can be obtained with high productiity and low energy
requirements.
An important consideration we all (printers included) have to make is the fact that these
water soluble resins and inks will provoke ecological considerations. Being water
soluble, man should avoid cleaning the equipment with water and drain the with resins
polluted water into the sewage. Collect and incenerate the remainings as they do with
solvent based resins is the best solution.
Unlegal disposals will create an negative image of a such evoluted new technology.
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EMULSIONS - MONOMER FREE

viscosity
mPa.s <S> 22'C

wood applications

tablei

PH

iRR 192

RR 193

iRR 194

!RR 195

IRR 196

iRR 197

IRR 198

fast cure, rigid UA

flexible UA

epoxy acrylate

polyester acrylate

flexible UA

flexible EA

flexible PEA

345

95

400

90

80

90

450

hard, brittle coatings

soft, non sandable base coat

typical properties is an EA-coating

typical properties is an PEA-coating

soft and flexible coating

very hard, chemical resistant coating

overall best compromise

4.6

5.4

5.5

2.2

7.4

6.4

5.8

Viscosity mPa
(+10% water)

2000

2500

47500

1130

||Water

.s MW

640

670

1600

2950

thinnable polyester acrylates

Function.

2

2.5

3

2.5

Reactiv.
(m/min)

11

11

50

0.5

Acetone
rubs

40

>100

>100

10

3

Water reisitance
To h T24h

+

+ +

+ +

+

table 2
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Water dilutable radiation cure resins

Prod.name

Ebecryl 11

IRR143

IRR210

IRR213

IRR 221

IRR 222

Prod, family

PEG-DA

Aliph. UA

Polyest.Acr.

Aliph. UA

Aliph. UA

Aliph. UA

Function.

2

2

3

2

2.5

2.5

Water uptake
%

>90

15

45

60

>90

>90

Viscosity
mPa.s

110 @ 25'C

4000 @ 60" C

150 @ 25'C

70000 @ 25'C

7000 @ 60'C

70000 @ 25'C

Water uptake: maximum quantitiy of warer giving a dear soiution and a good
stability.

table 3

Viscosity Profile

Viscosity mPa.s (x thousand)

• lRR213/221

• IRR 222

10 15 20 25 30 35 40 45 50 55 60

% Water

67



Curs performance of water dilutable oiigomers

Product 3ure speed (m/min) Water resistance Acetone
double rubs

Dry Talc speed (***) Water double rubs

IRR 143

IRR 213

IRR221

IRR 222

Formulation

40

45

30

I

Cure conditions:

Substrate:

20 2

5 4

20 2

30 2

Resin
Water
Darocur1173
IRR 154 (slip agent)

1 MPM - lamp 80 W/cm
thickness: J0g/m2

paper

Visual observation after
1 : very good
B'; very bad

>1OO

10 _

>100

>100

90
10
5
2

contact with water

30

10

>100

>100

parts

table 4
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