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ABSTRACT

A process has been developed for the syntheses of monomers from 2-
hydroxyethyl acrylate and hexamethylolmelamine. Their structure were
identified by IR and jH-NMR. The photocuring characteristics of these
compound and properties of the UV-cured films have been studied.
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INTRUDUTION

There is rapid growth in the use of ultroviolet(UV) curable coatings and
inks in recent years. As we known, oligomers, monomers and photoinitiators are
basic components for coatings. Monomers play a key role in radcure
compositions. They affect both the cure kinetics and polymerization extent as
well as the. physical characteristics of the polymer formed. Multifunctional
monomers, such as trimethylolpropane triacrylate, pentaerythritoltriacrylate,
dipentaerythritolhexaacrylate are widly used in UV curable formulations. They
work not only as reactive diluents, but also as crosslinkers. It is known that these
monomers, so called "first generation monomers," have skin irritation especially
high shrinkage when cured. Alkoxylated monomers are efficient at overcoming
skin irritation and volume shrinkage is lower, but the cure speed is slower.
Another interesting class of radiation curing acrylated compounds is constituted
by derivatives. They are used like oligomers. In this paper, a method of
preparation of tris(acryloyloxyethoxymethyl)tris(methoxymethyl)
melamine(TAM) and hexakis(acryloyloxyethoxymethyl)melamine (HAM) is
described. The photocuring charateristics of these compound and film properties
of the UV curable coatings have been studied.
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EXPERIMENTAL

1. Materials
Hexamethylolmelamine is commercial grade from Monsanto, and 2-

hydroxyethyl acrylate is from Beijing Dongfang chemical Factory. All materials
used inUV curable formulations are from UCB and CibaGeigy.

2. Synthesis method
It was possible to prepare a monomer containning a predetermined number

of the methoxy and acryloyloxyethoxy groups by controlling amounts of 2-
hydroxyethyl acrylate charging in reaction.

In a 1000ml, round-bottomed,three-necked flask equipped with stirrer, 2-
hydroxyethyl acrylate was added to a mixture of hexamethylolmelamine and p-
methoxyphenol. The mixture was heated and stirred untill particles were
dispersed, and then p-toluenesulfonic acid was added to catalyze the
etherification .The reaction has maintained at 60-90 °C for 10~15hr using a
vacuum pump to distil methanol.

3. Test
Infrared spetra were obtained from Nicolet spectrophmeter(740FT-IR).
jHNMR spetra were observed with a Bruker AG80 spectrometer.
4. UV curing system
Using an ultraviolet mechine with 5kw lamp, suspended 10cm from

substrate, 10 u samples are one-passed through machine to obtain a no-tacky
film. The irradiation time or cure rate was measured by the speed of
transmission belt(m/min).

The monomer's double bond conversion has been determined by FTIR
according to previous studies by others. The cured film's adhesion on plastics
was measured according to GB6739-86.

RESULTS AND DISCUSSION

1. Selection of the catalyst for the reaction.
A proposed mechanism for the formation of the monomers was shown in

scheme 1.
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scheme 1. The reaction mechanism.

Concentrated sulfuric acid and p-tolut.iesulfuric acid were used to
catalyze the reaction, p-toluenesulfonic acid was found to be a superior catalyst
for the etherification, for concentrated sulfuric acid caused a little yellowing for
the products.

2. Analysis and identification
Figl is IR spectra of TAM. It shown these charaterized absorance: 1547cm"1

(melamine aromatic C=N), 1637cm"1 (shoulder, C=C), 1720cm"1 (ester, C=O).
,H-NMR spetra of TAM shown in Fig2 indicated: 8 3.3 (9H,S,O-CH3),
4.1(12H, multiplet, O-CH2-CH2), 5.2(12H, multiplet, N-CH2-O), 6.2 (9H,
multiplet,CH2-CH).

H4VENUMBI.HS

Fig 1 IR spectra of TAM
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Fig2 "jH-NMR spectra of TAM

3. The photocuring characteristics of TAM.
Fig3 shows the relation between the double bond conversion and irradiation

time. For purpose of comparison, data relatig to use of the
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trihydroxymethylolpropane triacrylate are included.
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Fig3 Photocuring characteristics of monomers

(20% Epoxy acrylate+80%monomer+5%1173)

From Fig 3 above we can see that TAM show higher double bond
conversion than TMPTA at the same irradiation time. We can also deduce that
pll value of TAM should be lower than the trifunctional monomers, for
generally the low viscous monomers are more irritating.

4. Adhesion on plastics
For a given formulation comprising 30%oligmers, 30%monmers and 5%

photoinitiators, adding the TAM to the formulation above, Fig 4 indicates that
the TAM has improved the adhesion on plastics while the Epoxy acrylate
(EB6040) has reduced the coating's adhesion.
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Fig 4 Influence of adhesion on plastics.

As we known the acrylated melamines are non-yellowing, in some extend
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this melamine derivatives can be used to replace or partially replace the
oligomers to give cost effective coatings.

CONCLUSION

1. The acrylated melamines, tris(acryloyloxyethoxymethyl)tris-
(methoxyethoxymethyl)melamine(TAM) andhexakis(acryloyloxyethoxymethyl)
melamine(HAM) are prepared in the reaction of hexamethoxymethyl melamine
with 2-hydroxyethyl acrylate.

2. The monomers mentioned above show high double bond conversions and
nonyellowing.lt can be used to partially replace the oligomers to give cost
effective coatings with good adhesion on plastics.
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