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Effect of nano-doping on inhomogeneous thermal ageing characteristics of
epoxy composite insulating material

REN Zhigang, PAN Zehua, GUO Wei, CHEN Ping, JI Hongquan
(State Grid Beijing Electric Power Research Institute, Beijing 100075, China)

Abstract: Epoxy composite insulating materials doped with 0%, 1%, and 10% of modified nano Al,O, were prepared and
conducted thermal ageing tests at 150°C , and their thermal ageing characteristics and mechanism were studied through
dynamic thermal mechanical testing, scanning electron microscopy testing, and linear thermal expansion testing. The results
show that an inhomogeneous ageing structure is formed in epoxy composite insulating material during thermal ageing, and
the thickness of surface ageing layer is related to the content of nano Al,O;. When the doping mass fraction of nano Al,O; is
1%, the thickness of surface ageing layer is the smallest, and the nanoparticles are well dispersed and closely embedded in
the epoxy matrix. According to the free volume theory of glass transition, it is found that the free volume fraction of sample
is the smallest when the doping mass fraction is 1%, the corresponding o main relaxation time of the epoxy matrix is the
longest, and the molecular chain activity is the lowest. Adding an appropriate amount of modified nano Al,O, into the epoxy
resin can improve the cross-linking degree of molecular chain and reduce the free volume of system. Thereby the diffusion
of oxygen in the material is weakened, and finally the inhomogeneous thermal ageing degree of the epoxy composite
insulating material is reduced.
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