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Preparation and properties of core-shell particle toughened epoxy foam materials filled with expandable
microspheres and hollow glass microspheres
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Abstract : In this work, a core-shell particle-toughened epoxy matrix was adopted to fabricate epoxy foams via two foaming
strategies: physical foaming using expandable microspheres (EMP) and hollow glass beads (HGB) filling. The two foaming methods
were systematically compared in terms of processability, alongside the microstructure, density, mechanical properties, thermal stabili-
ty and thermal insulation of the resulting foams. Rheological measurements show that the toughened resin system has a gel time of
42 min at 90 °C, which allows a suitable processing window for EMP foaming. The results reveal that extending the pre-curing time
can effectively restrain excessive cell expansion during EMP foaming. At a pre-curing duration of 25 min, cell size is reduced from
120—180 pm to less than 100 wm with narrower size distribution; nevertheless, the mechanical properties of foams deteriorate drasti-
cally. By contrast, HGB can disperse homogeneously within the matrix across a broad loading range of 20—60 phr. As HGB loading
rises, foam density decreases gradually and mechanical properties decline accordingly, whereas thermal stability and thermal insula-

tion capacity are greatly improved. Between the two types of HGB fillers, S38HS delivers better comprehensive performance than
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S38 due to its narrower particle size distribution and higher compressive strength. The core difference between the two foaming tech-

niques lies in their different foaming mechanisms. EMP foaming depends on the thermal expansion of microspheres. As a process-

controlled route highly sensitive to matrix viscosity, it enables remarkable weight reduction yet sacrifices considerable mechanical

properties. In comparison, HGB filling foaming involves the direct addition of rigid hollow microspheres, representing a material-

dominated foaming strategy. This method possesses outstanding processing stability and can retain favorable mechanical and ther-

mal properties while realizing lightweight design. Overall, HGB filling foaming is proven to be the optimal fabrication route for this

core-shell particle-toughened epoxy system.
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Tab.1 Physical properties of HGB

Particle size distribution/

Grade Compressive  True denfslty/ um
strength/MPa (grem™)
DIO D50 D9U
S38 27.58 0.38 15 40 75
S38HS 37.92 0.38 19 44 70

Notes: D,,, Dy, and D, denote the particle sizes corresponding to

cumulative volume fractions of 10%, 50%, and 90%, respectively.
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S38HS-60 60 55 60 84.8 1.0
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Fig. 1 Viscosity-temperature and viscosity-time curves of core-shell

particle toughened epoxy
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Fig. 3 SEM photos of the brittle fracture surfaces of EMP/epoxy foams
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Fig. 5 SEM photos of the brittle fracture surfaces of HGB/epoxy foams
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Fig. 6 EDS mapping of HGB/epoxy foams
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(a) Tensile stress-strain curves of core-shell particle toughened epoxy,
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(b) Tensile stress-strain curves of core-shell particle toughened epoxy,
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Fig. 7 Tensile properties of core-shell particle toughened epoxy and its
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