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Effects of Kinds of Monomers on Film Properties
for Electron Beam Cross-linked Poly (vinyl chloride) Coated Steel Sheets

Ken-ichi Masuuara, Kenji Kosuusui, Koji Mor1 and Hiromitsu Fukumoro
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Poly (vinyl chloride) (PVC) paints containing electron beam (EB) sensitive monomers were coated on steel sheets and
baked and cross-linked by EB subsequently. Increase of film hardness for the EB cross-linked PVC coated steel sheets
was investigated by the use of various monomers. As the amounts of monomer in film increased, the film hardness
increased. In case of smaller equivalent of double bonds of monomer, higher film hardness value was obtained with
smaller portions of monomer. Property balance between the film hardness and the bend formability depended upon
kinds of monomers, and as the difference of solubility parameter for monomer from that of plasticizer decreased, the
property balance improved. EB cross-linked PVC coated steel sheet containing 50phr trimethyol propane trimetha-
crylate (TMPTMA) had pencil hardness F and 0T bend formability. From dynamic viscoelasticity of EB cross-linked
PVC film, it is assumed that plasticized PVC and TMPTMA were in miscibility, and rigidity of film was obtained by
the dense bridging PVC by TMPTMA.

electron beam cross-linking ; poly (vinyl chloride) coated steel sheets; hardness; formability ; solubility parameter ;
monomer ; dynamic viscoelasticity.
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Table 1. Equivalent of double bonds of monomers.

number of lecul ioht equivalent of double
double bond ~ MOiecUAr Weig bonds of monomer
TMPTMA 3 338 113
1G 2 198 99
2G 2 242 121
3G 2 286 143
4G 2 330 165
9G 2 550 275

TMPTMA : Trimethylol propane trimethacrylate
: Ethylene glycol dimethacrylate

: Diethylene glyco! dimethacrylate

: Triethylene glycol dimethacrylate

: Tetraethylene glycol dimethacrylate

: Nonaethylene glycol dimethacrylate
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Fig. 1. Relationship between amount of monomer in
paint and indentation hardness.
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Fig. 2. Relationship between amount of residual
monomer in film and amount of monomer in
paint.
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4. Relationship between amount of residual
monomer in film and indentation hardness.
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Table 2. Solubility parameter of monomers and
plasticizer.

solubility parameter, 10-3(J/m?%)°°

TMPTMA 17.9
1G 17.6

2G 18.0

3G 18.5

4G 18.7

9G 21.1
DINP 17.8

DINP : Di-isononyl phthalate
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Fig. 10. Stress-strain curves of 1, control PVC film ;
2, unirradiated PVC film containing 50 phr
TMPTMA ; 3, EB-irradiated PVC film
containing 50phr TMPTMA.
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Fig.11. Effects of temperature on tand.

1, control PVC film; 2, EB-cured TMPTMA ; 3,EB-
irradiated PVC film containing 50phr TMPTMA.
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