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Self-healing properties of light-triggered microcapsule composite epoxy
resin insulating materials
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Abstract: Epoxy resin is extensively utilized in high-voltage power equipment and electronic encapsulation, but it is prone
to microcracks under prolonged multi-field stresses, leading to insulation degradation and even equipment failure.
Introducing self-healing microcapsules can effectively solve this problem, however conventional microcapsules have
limitations such as strict triggering conditions, requiring external intervention, and the potential to damage the matrix.
Therefore, this study designed a non-contact light-triggered microcapsule with urea-formaldehyde resin as the wall material
and polyurethane acrylate oligomer as the core material. By embedding TiO, and SiO, nanoparticles with an average particle
size of 200 nm into the wall material, an ultraviolet shielding layer was constructed, then the microcapsule was uniformly
dispersed in the epoxy resin to prepare a composite material to achieve self-healing under natural light. The results show that
the microcapsule structure remains intact at 210°C and its thermal stability is excellent. When the mass fraction of
microcapsules is 4%, the electric strength and dielectric performances of the composite materials are basically the same as
those of the pure base material, with only a slight increase in tensile strength. After the damaged material is repaired, the
recovery rate of tensile strength, electric strength at room temperature and high temperature, as well as volume resistivity all
exceed 85%, the repair performance is excellent. This study provides a novel technical pathway to prolong the service life of
epoxy resin insulating materials.
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Fig.1 Flow chart of microcapsule preparation

13 WMEREESTEEEMRIAHIE

ol Fie B 53 6 TR SR 4 00 R A1) 2% 0 R G 1 2 B
o PAESTIVEM TG ARk, 5 F L N A AR 2K —
FR BT (MHHPA) M AL 77 2,4,6- = (- H 4 35k H k) 2
Ty 4% B EE N 100085 2 VR & IR S MEIRE N
50°C ¥ 33 M 450 r/min 25 {4 T MU HE 30 min J5
A3 SINNAS [ 2 43 B0 (0% 2% 4% 6% 8% FA fil
B , k245 P 30 min (EH I SR A . S E S
L hJG  FEANTUE T & m B A R (ORSF R 20
mmx20 mmx1 mm) , 4% {8 [l {LF£ 5 95°C/3 h+110°C/
3hoE B . Bk 5 A A TR AT A LT UG
FAFAS [F R B 45 J IR FE I 2 A PR SR A G R
14 {UFB/EE

FH & 2 HE 4 BT B U8 (SEM, TM-4000

et
E51+

’ | MHHPA
Q s He

/@
“‘ %3

@%fﬁ
h |"’
ffﬂ%F In#k

F2 WREEASHEMRHIEREE

Fig.2 Flow chart of preparation for microcapsule composite
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