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Fig. 1 Condensation reaction of HMMM with polyol
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Fig. 2a  Formation of hydropercxide on sctive methylene groups catalyzed by HMMM
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Fig. 2b Formation of free radical by reaction of hydroperoxide with

strong acid
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Fig. 3
polymerization system

(a) HMMM {1.0)-T,EG (0.65)-TSA (0.025); (b)
T,EGDA only; (c} HMMM(1.0)-T, EG(0.65)-T, EGDA
(1.65)-TSA(0.025) .

Hesting rate: 10 K/min

Energy compensation effect in the hybrid
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Table 1 Improvement of properties of cured film by hybrid
polymerization

Free radical Condensation  Hybrid

Bend test (¢, mm} <2 8 <2

Adhesion 100% 0% 100%
Impact resistance {kg-m) >0.50 0.15 >0.50

Reverse impact resistance{kg-m)  >0.50 0.12 >0.50
Acetone double rubs 15 80 250

Free radical system: T; EGDA initisted by AIBN (3% );

Condensation system: HMMM(1.0)}-Polyol{0.65)-TSA(0.025);

Hybrid system: HMMM ( 1.0)-Polyo! ( 0.65)-TSA ( 0.025 )-T;EGDA
(1.4)-Allyi ether(0.28) ;

Curing condition: 150 °C for 30 min
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Fig. 4 TEM image of hybrid cured film
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Fig. 5b Crosslinker-initiators
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Fig. 6 Proposed reactions of crosslinker-initiators
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Fig. 7 Generation of acid by decomposition of latent acid catalysts
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STUDIES ON HYBRID POLYMESIZATION OF HEXAMETHOXYMETHYL
MELAMINE-POLYOL-ACRYLATE

HONG Xiaoyin, XIAO Shanqgiang, CHEN Qidao, LIU Hongwen, CHEN Jing,
LI Wentao, CHEN Ming, CHEN Lin
( Department of Chemistry, Tsinghua University, Beiiing  100084)

Abstract Research on the novel hybrid polymerization system of hexamethoxymethyl melamine ( HMMM )-polyol-
acrylate-acid has been reviewed. The hybrid system involves a condensation reaction of HMMM and free radical
polymerization of acrylate, although there is no free radical initiator in the compositions. It is suggested that active
methylene groups can be oxidized to the corresponding hydroperoxide through a charge transfer complex (CTC)
between HMMM and 0, in the air. Catalyzed by acid, the hydroperoxide decomposes rapidly, generates free radicals
and then initiates the free radical polymerization. There are some synergetic effects between the radical
polymerization and condensation reaction . First, the curing rate could be enhanced greatly . Secondly , DSC trace of the
hybrid polymerization system demonstrates that there is obvious energy compensation effect in the system. The
released energy of the free radical polymenization of acrylate can be transferred to the endothermic eondensation
reaction of HMMM . Thirdly, the properties of cured film, such as mechanical properties and solvent-resistance, are
greatly improved . It is demonstrated that the improvement is caused by the formation of polymer alloys with IPN
(Interpenetrating polymer network ) structure in-situ via dynamic mechanical thermal analysis ( DMTA) and
transmission electron microscope { TEM) . In addition, acrylate can adjust the viscosity of the formulation and reduce
the use of volatile organic compound { VOC) . To make the formulation more flexible , some new compounds containing
very active methylene groups and hydroxyl group such as dielh‘ylene glycol allyl ether and diethylene glycol benzyl
ether were synthesized and used as the crosslinker-initiators in the hybrid polymerization system. To increase the
shelftime of the formulation, latent acid catalysts trans-2-hydroxycyclohexyl- p-toluenesulfonate and pyrdine p-
toluenesulfonate, were used as the source of acid in the hybrid formulations. The application of hyperbranched
polymers in hybrid polymerization system is under study . Consequently ,the hybrid polymerization system of HMMM-
polyol-acrylate-acid is promising to formulate a high curing rate, low solvent content, energy conservation and high
quality coating.

Key words Hybrid polymerization, Hexamethoxymethyl melamine ( HMMM }, Acrylate, Crosslinker-initiator,
Energy compensation effect, Latent acid catalyst



