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Study on comprehensive properties of rosin-based epoxy vitrimer based on
boronic ester bonds

HU Yibo, SUN Changhai*, CHEN Baitong, QIU Yitao, LI Wei, LI Zhixuan
(School of Electrical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: To address the resource dependence and recycling challenges faced by traditional petroleum-based epoxy resins in
power equipment applications, this study synthesized a fumarate epoxy matrix (FPAE) from renewable rosin through Diels-
Alder addition reaction. A curing agent (BDB) containing boronic ester dynamic bonds was used to construct a cross-linked
network via thiol-epoxy click chemistry, and a rosin-based epoxy vitrimer material (FPAE-BDB) was prepared. The thermal,
mechanical, and electrical properties, as well as degradation and recyclability characteristics of the material were
systematically characterized by dynamic thermomechanical analysis (DMA), thermogravimetric analysis (TGA), tensile
tests, dielectric spectroscopy tests, breakdown strength tests, and degradation/reprocessing experiments. The results show
that the material exhibits excellent thermal properties. Its glass transition temperature (131.8°C ) increased by 8.3%
compared to the commercial DGEBA-MHHPA system (121.6°C). Its initial decomposition temperature (7,5,,=332.4°C) and
50% thermal weight loss temperature (7),,=408.6°C ) are comparable with those of DGEBA-MHHPA system. Its
characteristic breakdown strength reaches 44.38 kV/mm, which is 7.3% higher than the 41.35 kV/mm of DGEBA-MHHPA.
Its dielectric constant remains stable at 3.5-3.8, and its dielectric loss factor is slightly higher than that of DGEBA-MHHPA.
Additionally, the material demonstrates good chemical degradation and recyclability, which can efficiently degrade in acidic
H,0, solution at room temperature. After crushing, it is hot pressed at 160°C and reshaped, its breakdown strength retention
rate attains 92.5%. However, due to its rigid phenanthrene ring structure, the material exhibits high brittleness, leading to
shortcomings in mechanical properties, and its tensile strength (38.9 MPa) is lower than that of the DGEBA-MHHPA system
(72.1 MPa). In summary, compared to the DGEBA-MHHPA system, the FPAE-BDB system shows good thermal, electrical,
and recovery properties. Future work may involve toughening modification to enhance its mechanical properties.

Key words: rosin-based epoxy resin; epoxy vitrimer; insulating material; recyclable
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Table 1  Storage modulus, glass transition temperature, and
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resin systems

B I s G',/MPa e v,/(mol/m?)
FPAE-BDB 22175 131.8 1240.90
DGEBA-MHHPA 2093.8 121.6 970.78
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P I 6 % Tys0d C Tysond © R/ %0
FPAE-BDB 3324 408.6 6.5
DGEBA-MHHPA 347.2 412.2 5.8
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Table 3 Weibull distribution parameters of
DGEBA-MHHPA and FPAE-BDB epoxy resin systems

IR &R a/(kV/mm) Vi
FPAE-BDB 4438 25.99
DGEBA-MHHPA 4135 18.87

t DGEBA-MHHPA £ % (41.35 kV/mm) & 7.3%, iX
AT YA PR T G ey A A B A B 9 R ) A
P o BC R A R B LRSS 1 2% ) H A RO AR 5, A48
TE it 0 v L3 B R T M DL R BRI RE R B R
T2 o RIS, A 7 B30 A TR A v [ A 1 M SE B
SER ISR T 4 RE B AR M 58 L KR = R
TFREAE IR, W SE EISE T T R o 2 R R .

K 9 i 7R T FPAE-BDB 5 DGEBA-MHHPA %
T A SR i A 2R 00 R XoF A P K0 A3 1) A4

4.0
= DGEBA-MHHPA
e FPAE-BDB
3.8F o ® ®00c0emnoe ......‘..
...“...
ﬁ36' "o. o,
& "
a4l
<:3‘4
3.2r ' TR . NNy,
"y -,
Ty
3.0f
107 100 10 108 108 10f 10510
SR /Hz
9 DGEBA-MHHPA #1 FPAE-BDB I & #IBE A R Y
NEEH

Fig.9 Dielectric constants of DGEBA-MHHPA and
FPAE-BDB epoxy resin systems
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Fig.10 Dielectric loss factors of DGEBA-MHHPA and
FPAE-BDB epoxy resin systems
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Fig.11 Chemical degradation process of FPAE-BDB system
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