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Fig. 1 Synthesis and structure of DPS
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Fig. 2 FTIR spectra of KH-560, DEP and DPS
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Table 1 The molecular weight of DPS

KH-560 DEP H,0 Epoxy value P content Si content
DPS code M/M,

(g) (g) () (mol/100g) (%) (%)
Si-H 236 138 18 2981 1.75 — 8. 19 7.64
Si-2H 118 69 18 3745 1.98 — 8.25 7.72
Si-3H 118 69 27 4859 2.24 — 8.38 7.85
Si-P 236 138 18 2985 1.73 — 8.20 7. 65
28i-P 236 69 9 1850 1.80 0.16 5.06 9.52
3Si-p 177 34.5 13.5 1793 1. 84 0.24 3.62 10.4
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Table 2 The properties of modified epoxy resins with DPS

ool cod BS54 (o) DPS P Si T, Ty, 59 (C) 720°C Char yield (%) LOI
N (%) (%) () N, Air N, Ar (%)
E-54 100 0 0 0 177 341 338 19.7 9.8 22
E54-Si-H-20 100 20 1.13 1.04 193 360 359 30.6 25.6 29
E54-Si-2H-20 100 20 1. 14 1. 06 179 338 351 26.9 20.5 25
E54-Si-3H-20 100 20 1. 16 1.09 204 362 333 27.6 24.9 29
E54-Si-P-20 100 20 1.13 1.05 194 358 356 25.2 24.0 27
E54-2Si-P-20 100 20 0.7 1.30 199 352 359 29.3 11.3 23
E54-3Si-P-20 100 20 0.5 1.45 193 356 377 28.3 18.7 24
JEHE R ] 204°C . 3% F] Al 2 R 85 2% 1k e i ik Ay S
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Fig. 4 TGA curves of E-54 modified by DPS with 20%
weight ratio

A) In nitrogen; B) In air atomsphere
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PROPERTIES OF CURED EPOXY RESIN CONTAINING
PHOSPHORUS- AND SILICA-CONTAINING HYBRIDS

WANG Zhengfang'?, LIU Weiqu', MA Songqi"*, HU Zhaohui"
gtang —, qu , gqr -,
(' Guangzhou Institute of Chemistry, Chinese Academy of Sciences, Guangzhou 510650)
(* Graduate School of Chinese Academy of Sciences, Beijing 100049)

Abstract A series of phosphorus- and silica-containing hybrids ( DPS) with different molecular weight was
synthesized by hydrolysis condensation of intermediate products and various amounts of water. The intermediate
was formed by the reaction between 3-glycidyloxypropyltrimethaxysilane ( KH-560) and diethyl phosphate
(DEP) in different weight ratios. The structure of DPS was determined by Fourier transform infrared (FTIR) ,
nuclear magnetic spectrum (NMR) and element analysis, while molecular weight and distribution of DPS were
measured by gel permeation chromatography ( GPC). Then, a cured epoxy resin containing phosphorus- and
silica-containing hybrid was prepared by the in situ curing of the bisphenon A type epoxy resin and 4,4'-
diaminodiphenylmethane with the phosphorus- and silica-containing hybrid. The flame retardation was
investigated by the limited oxygen index (LOI), and the thermal properties of the cured epoxy resin were
characterized by differential scanning calorimetry ( DSC) and thermogravimetric analysis (TGA). Studies on
the characteristics of cured epoxy resin containing a phosphorus- and silica-containing hybrid showed that the
flame retardant and the thermal properties were enhanced. The flame resistance was indicated by the limited
oxygen index in the ranges of 23 ~ 29, which was higher than that of the pure epoxy resin (22). The glass
translation temperature for E54-Si-3H-20 sample was 204°C and the temperature of 5% weight loss was about
20°C higher than that of the pure epoxy resins. Compared to the pure epoxy resin,not only the flame resistance
of the cured epoxy resin containing phosphorus-, silica-containing hybrid was enhanced, but also the thermal
properties were improved.

Keywords Epoxy resins, Si/P hybrid, Thermal properties, Flame retardant





