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Synthesis and application research of high phosphorus content epoxy resin
with low dielectric loss
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Abstract: A high phosphorus content epoxy resin (DPOEP) was synthesized by using 2, 5-dihydroxybenzyl(diphenyl)
phosphine oxide (DPOHQ) and epichlorohydrin (ECH) as reactants, and then the structure of DPOEP was characterized by
Fourier-transform infrared spectroscopy (FTIR) and nuclear magnetic resonance (NMR). The curing reaction characteristics
of DPOEP with the curing agent of active ester resin DFE617 was studied, and the effects of DPOEP content and
phosphorus-containing epoxy resin structure on the flame-retardant performance, dielectric properties, and thermal stability
of dicyclopentadiene (DCPD) epoxy resin curing system were investigated. The results show that the curing process of
DPOEP/DFE617 system follows a first-order reaction. DPOEP can promote the carbonization of condensed phase in the
DCPD epoxy resin/DFE617 system, and the limiting oxygen index of cured resin reaches 36.6%-38%, achieving V-0 rating
in the UL94 test. The dielectric loss factor of the epoxy resin curing system decreases with the increase of DPOEP content.
At a lower content of DPOEP, the epoxy resin cured material is halogen-free and flame retardant while maintaining good
thermal properties.
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Fig.1 Synthetic route of high phosphorus epoxy resin
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Tab.1 Experimental schemes of epoxy resin/active ester

curing system

‘ 4 H%
BE
DCPD DPOEP DFE202 DFE617 DMAP
CER-0 100 0 0 73.3 1.5
CER-1.5 64 36 0 77.4 1.5
CER-2.5 40 60 0 80 1.6
CER-1.1 40 0 60 71.2 1.5
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Fig.4 DSC curves of epoxy resin/active ester system at

different heating rates
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Tab.2 Curing thermokinetic parameters of epoxy resin/active

ester system at different heating rates

Eo e B/(°C /min) T/C T/C T/C
1 5 148.9 168.7 186.6
2 10 163.3 184.5 205.2
3 15 167.8 191.3 213.6
4 20 174.7 201.8 2282
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Tab.3 Characteristic parameters of curing curves

%i%  PI(C/min)  In(B/T?) Inp T,
1 5 -10.57 1.609 0.002 263
2 10 -9.950 2.303 0.002 185
3 15 -9.574 2.708 0.002 153
4 20 -9.331 2.996 0.002 105
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Tab.4 DSC and TGA data of cured epoxy resin

B T, Ty, T/ € R,/(%/min)  FRE

[CTC T Towe Tows Ruwi Rowo R H/%
CER-0 171 386 410 421 434 13.53 11.42 1028 17.5
CER-1.5 167 383 408 449 — 929 673 — 272
CER-2.5 156 382 411 448 — 916 635 — 269
CER-1.1 140 378 410 451 — 878 490 — 304
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Fig.9 TGA curves of cured epoxy resin
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Tab.5 LOI and UL94 test results of cured epoxy resin

) UL%4
FE i LOI — —
1s NS IE RIS
CER-0 223 BT® BT’ H NR®
CER-1.5 36.6 3 5 G V-0
CER-2.5 38.0 1 1 G V-0
CER-1.1 383 3 3 G V-0
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Tab.6 Dielectric properties of cured epoxy resins

Ff i D, D,
CER-0 2.82 0.008 45
CER-1.5 2.86 0.006 38
CER-2.5 2.90 0.005 81
CER-1.1 2.92 0.006 97
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