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Preparation and Expansion Process of Phosphorus-Nitrogen-containing Flame

Retardant/Polyacrylate UV Curable Intumescent Hybrid Coating
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ABSTRACT : Objective To prepare a new UV curable intumescent flame retardant coating, and investigate the influences of the
phosphorus-nitrogen-containing flame retardant on the flame retardant property and expansion process of polyacrylate. Methods UV
curable polyacrylate was synthesized using butyl acrylate, methyl methacrylate and glycidyl methacrylate, which were blended in
different ratios with 2,2-dimethyl-1,3-propanediol glycerol-methacrylate phosphate (PGMH) and N, N’-Bis(2,4-di (acryloyloxy-
ethyl)-[1,3,5]-triazin-2-yl ) -hexane-1 ,6-diamine ( BDAETH) to prepare UV curable intumescent flame retardant coatings. The
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influence of PGMH on the thermal degradation mechanism of UV curable polyacrylate was studied by thermal gravimetric analysis

and Fourier transform infrared spectroscopy. The flame retardant properties and the expansion process of the intumescent flame re-

tardant coatings were further monitored by limiting oxygen indexes and self-made equipment. Results The addition of phosphorus-

nitrogen-containing flame retardant could greatly improve the coating to expand in the temperature range of 450 ~480 °C and the

maximum unidirectional expansion degree reached 14. The expansion coating could isolate oxygen and thus improve the coating’s

limiting oxygen index from 19 to 28.5. Conclusion The addition of phosphorus-nitrogen-containing flame retardant enabled polyac-

rylate to expand during increasing temperature or combustion and to form expansion char to isolate oxygen. As a result, the flame

retardant properties were improved.

KEY WORDS: UV curable; flame retardant coating; expansive behavior
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Fig. 3 Self-made equipment to monitor expansion process
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Tab.2 Analysis of TGA curves of the UV cured PGMH/
PEA samples

Temperature at specific Residue
Samples weight loss/°C at 600 C
t(5% ) t(80% ) /%
PEA 267 417 0.1
PEA,,PGMH,, 242 440 3.5
PEAy, PGMH,, 227 453 4.9
PEA,,PGMH,, 214 460 7.1
PEA,,PGMH,, 180 496 9.1
PEA,,PGMH,, 167 505 9.1
PGMH 140 618 22.1
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Tab.3 The flame retardant coating formulation and LOI

value

fic gy PEA/g  PETA/g  PN/g %455

PEA 10.0 3.0 0 19
PEA,,PN,, 9.0 2.7 1.3 21
PEA,,PN,, 8.0 2.4 2.6 23
PEA.,PN,, 7.0 2.1 3.9 26.5
PEA,, PN, 6.0 1.8 5.2 27.4
PEA,PN,, 5.0 1.5 6.5 28.5
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