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Abstract

Abstract

Epoxy resin (EP) is a kind of very important thermosetting material, which is
widely used in the fields of adhesive, coating, electronic/electrical insulation, and
composite applications, due to its low shrinkage, excellent adhesion, superior thermal
and mechanical stabilities and excellent chemical resistance. However, the more
extended applications of EP is limited by its poor flame resistance properties to some
extent. Therefore, more and more attentions have recently been paid to improving the
fire resistance of EP. In this paper, a kind of DOPO derivatives named DOPOethyl
methacrylate (HEPO) is synthesized. It can be easily performed RAFT polymerisation
with glycidyl methacrylate (GMA), getting size controllable phosphorous block
copolymer PHEPOp-b-PGMA,, (PHDG) and homopolymer PMOEP. After PHDG and
PMOEP being grafted onto the surface of SiO, nanoparticles, the new type of flame
retardant SiO,-PHDG and SiO,-PMOEP are obtained. Adding SiO,-PHDG into the
epoxy resin system can form nano core-shell structure with nano SiO, acting as the
core and phosphorous block copolymer as the shell. Retardant elements P, Si and little
N are homogeneously dispersed in epoxy matrix with a “bundled” form, which leads
to an excellent synergistic flame retardant effect with a relatively low P and Si content,
thus improving the thermal stability of epoxy resin. The main achievements of our
work are shown as below:

1. Through molecular designing, we synthesized a kind of DOPO derivatives
named DOPOethyl methacrylate (HEPO). Then we synthesized diblock copolymer
PHEPOn,-b-PGMA, and homopolymer PMOEP via RAFT polymerisation.
Furthermore, the structure and thermal properties of these products were characterized
by FT-IR, NMR and TGA, which showed that monomer HEPO, the diblock
copolymers PHEPO;p-b-PGMA;s and homopolymer PMOEPoo had been

synthesized successfully.

2. SiO; nanoparticles was modified by 3-triethoxysilyl-1-Propanamine (KH-550)
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and 3-Glycidyloxypropyl-trimethoxysilane (KH-560) respectively, thus coating the
epoxy groups and amino on it. SiO,-PHDG hybrid nanoparticles can be prepared by
the reaction between the epoxy groups of PHDG and amino groups of SiO, surface.
SiO,-PMOEP hybrid nanoparticles can be obtained through a similar way, replacing
epoxy groups of PHDG with P-OH of PMOEP;o. Furthermore, the structure and
thermal properties of these hybrid nanoparticles were characterized by FT-IR,
Elemental Analyzer and TGA. Meanwhile, the morphology of core-shell structure
hybrid nanoparticles were studied by scanning electron microscope (SEM) and
transmission electron microscope (TEM).The study showed that the diblock
copolymers PHDG and homopolymer PMOEP;o, had been grafted onto SiO,
nanoparticles successfully, obtaining a new type of flame retardant core-shell hybrid
nanoparticles SiO,-PHDG and SiO,-PMOEP. The size of SiO; core is about 60-80 nm
and the thickness of polymer shell is about 5-10 nm. The increase of C element
content of SiO,-PHDG nanoparticles under 12 hours and 24 hours measured by
Elemental Analyzer showed that the weight grafting ratio of the hybrid nanoparticles
was 18.9 percent and 30.9 percent respectively. Besides, the weight grafting ratio of
SiO,-PHDG (12 h), SiO,-PHDG (24 h) were respectively 19.8 percent and 31.3
percent which calculated by TGA curve of SiO,-NH, and SiO,-PHDG. The
observation and measurement by SEM and TEM indicated that with the extension of
grafting reaction time, more and more PHDG were grafted onto SiO,-NH;

nanoparticles, which increased the thickness of polymer layer from 5 nm to 10 nm.

3. The research of flame retardant hybrid nanoparticles SiO,-PHDG containing
phosphorus and silicon modified epoxy resin. A series of flame retardant epoxy resins
composed of different content of phosphorus and silicon were prepared by mixing
hybrid nanoparticles SiO,-PHDGwith diglycidyl ether of bisphenol-A(E51), using
4,4'-diaminodiphenylmethane (DDM) as curing agent. The thermal properties of
flame retardant modified epoxy resin were evaluated by dynamic mechanical thermal
analysis (DMA), differential scanning calorimetry (DSC) and TGA,; The fracture

surfaces morphology of flame retardant modified epoxy resin was studied by SEM,
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and the flame retardant properties were evaluated by limiting oxygen index (LOI).
The research showed that SiO,-PHDG could form core-shell structure in E51 with
SiO, nanoparticles as the core, and phosphorus-containing block PHDG as the shell.
Retardant elements P, Si were homogeneously dispersed in epoxy matrix with
“bundled” form, which led to an excellent synergistic flame retardant effect
(LOI=32.8) under low P and Si content (0.27 %, 2.51 %). DSC and DMA tests
showed that the addition of SiO,-PHDG made the crosslinking density of the cured
systems increased and the epoxy resins modified by different content of SiO,-PHDG
all exhibited a single T4. When the content of SiO,-PHDG was 3 %, the Ty measured
by DSC and DMA were 162.1 °C and 170.5 °C that were higher than the ones of the
neat epoxy resin, which indicated that the compatibility between SiO,-PHDG hybrid
nanoparticles and epoxy resins was good and the thermomechanical properties of
flame retardant epoxy resins had been improved to some extent. TGA tests showed
that because of the excellent synergistic flame retardant effect of phosphorus and
silicon, Tg.s0 Of the flame retardant modified epoxy resins had mostly been increased
7.6 °C and char yield had mostly been increased fivefold compared to pure epoxy

resins.

Keywords: nanoparticles; block copolymer; halogen-free flame retardant; epoxy resin
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