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Formation of Hard Paint Films by Electron Beam-curing Method
and Pigment Effect on Their Physical Properties

Maki 1t0H, Toshiaki SHIOTA and Minoru NISHIHARA

Synopsis :

Resin formulations for electron beam(EB)—cured hard paint films and pigment effect on the properties
of the cured films have been studied. Formulations with an acrylate oligomer as the main constituent
resulted in low hardness, 2H. In formulations consisting mainly of acrylate monomers, the content of
the oligomer was fixed at 30 wt%, and the unsaturate equivalent (E,) of the monomer mixtures was
varied. A multifunctional monomer with the E, value of around 100 resulted in a hard (7-8H) paint
film. Study for pigment effect has been carried out on a film consisting of 709, pentaerythritol triacry-
late and 309, oligomer. Pigmentation by TiO, resulted in modulus reinforcement. However, the dy-
namic storage moduli of the paint film containing TiO, with different surface treatments showed no sig-
nificant difference, whereas degree of reinforcement for thermosetting polymers was reported to be great-
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er when the pigment—polymer adhesion was stronger.

The adhesive strength of the paint film attained

a maximum at a definite pigment volume concentration.
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Table 1. Acrylate monomers used.

mol.

Functionality Monomers wt E,o

Mono 3-Phenoxy 2-hydroxypropyl acrylate 222 222

Tetraethyleneglycol monophenylether 324 324
. acrylate

Di Tripropyleneglycol diacrylate 300 150
2, 2-Dimethyl 1, 3-bis 328 164
(2-acryloyloxypropoxy) propane

Tri Trimethylolpropane triacrylate 206 99
(TMPTA) |
Pentaerythritol triacrylate
(PETA) l 298 99
1, 1, 1-tris (2-Acryloyloxypropoxymethyl)
propane (TAPM]P) 471 157

Multi Dipentaerythritol hexaacrylate
(DPHA) 552 100

a. Unsaturate equivalent: molecular weight per one unsaturate
group

Table 2. Titanium dioxide pigments used.

Notation diameter "¢ Density  TiOpcontent Surface
(1m) (g/cm?) (%) ALL04/Si0,
P-1 0.255 4.2 93 5/1
P-2 0.233 40 88 /1

B IET.
22 ERH
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F 3 ATiTole, 40~80g D27y 7 -k (BHSHERK
W) w PVC (BEFMAREEE : pigment volume con-
centration) 5~40% YD 5% VE, #5A Y — BN
2T 10~30min B L. 285~ % HANT 5pm
DECOSD Rz el lab B b o THKK T L L
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Fig. 1. Pencil hardness vs monomer weight percent
at 4 Mrad dosage.
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Fig. 2. Pencil hardness vs E, of the monomer

mixture for EB cured paint films containing 30
% of an oligomer at 6 Mrad dosage.
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Fig. 3. Knoop hardness number vs E, of the
monomer mixture for EB cured paint films
containing 30% of an oligomer at 6 Mrad
dosage.
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Fig. 4. Knoop hardness number and pencil
hardness vs EB dose for the. PETA-based
paint film.
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Fig. 5. Dynamic elastic moduli and loss tangent
vs temperature at 20 Hz for PETA-based paint
film at 8 Mrad dosage.
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Fig. 6. Dynamic storage moduli vs PVC for
TiO, filled PETA-based paint films.

I ! ! |

0 10 20 30 40

PVC (%)
O:P-1 @:P-2 A:M-P-1
Fig. 7. Knoop hardness number vs PVC for
TiO, filled PETA-based paint films.
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Fig. 8. Water absorption vs PVC for TiO,
filled PETA-based paint films.
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Adhesion strength : measured by the torque shear method
Fig. 9. Adhesion strength vs PVC for TiO,
filled PET A-based paint films.
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