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Abstract: Thermosetting epoxy resin is widely used in electrical equipment field due to its excellent thermal conductivity
and insulating properties. Due to the stable three-dimensional network structure and insolubility of the thermosetting epoxy
resin, its recycling and reuse pose challenges. In this paper, we added different mass fractions of boron nitride (BN) into the
epoxy (EP)/4-methylhexahydrophthalic anhydride degradation system to prepare high thermal conductivity, high insulating,
and degradable BN/EP composites, and studied their thermal conductivity, dielectric properties, and degradability. The
results show that taking 2, 4, 6-tris(dimethylaminomethyl) phenol as the catalyst, the EP/BN composites can achieve
atmospheric pressure degradation at 200°C under the action of ethylene glycol. The thermal conductivity of BN/EP
composite with 15% mass fraction of BN is 0.335 W/(m-K), which is 34% higher than that of pure EP resin; the AC electric
strength is 101.7 kV/mm, which is 13% higher than that of pure EP resin. BN/EP composites can be degraded through
transesterification to obtain EP degradation products (EDP). After the BN/EP composites are compounded with EDP, the
thermal conductivity and electric strength of the BN/EP composites is basically unchanged.
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Fig.15 Schematic diagram of degradation mechanism

M EP EAMAENEIR T R 4 BRI R, LH
i B BRI S RIS , TR O i A SR S T 1 R
FEE = R AT IR I SR e [T A

BN/EP 5 & 8 KL 5 #OPLE 1 1 16 B
FE U BN B AR AL 3%, b 1 AR 32T T S R
PERE. B RS RIS — BE R, i 5 2
S, R E AR e B S I E R,
FIF B IR E = 3 HIE R AR AL I, T SE I #vE:
{10 v A i

WERA T

El16 BN/EPE&MKHNSHANEREE
Fig.16 Schematic diagram of thermal conducting

mechanism of BN/EP composite
3 i

AR S % 7 AN E BN HE 78 & & 5 A [ml i A
BN/EP & & #4 K}, bl J5 55 o338 AT B& A, I 4% A [H)
W Al 72 1) B 5 38 BN/EP & & MR 2 3 I8 41 ik
TG E AR, 8 R AE O 458, IR AT
Hak- - A rEeE, FEA W &R

CO [N G & R 20 AR O 1 o, B
20 ke U R XoF [ S T RS v A 5 85 R AAE DA R 5 BE TG
AR A, R EWCHT 7 T 45 Mok KA B
A

(2 [ il /5 BN/EP E &M B #F F S
SR FE ARG AN K, A MU B /NI K .

(3)BN/EP E A M B ) 5 e 4i EP A BT T
B, [FIUSJS 7%BN/EP 5 A PRI 77 27 14 B a1 ic i
WA PR B, o B A = 4 & 5 BOR 9% B
7%BN/EP & £ M K} 1 Hir A 5% J 52 31 i AT AL R B
7% , W 2K AR % 14%.

(4)BN/EP & & MR 46 EP 11 #40E GE A AT
o IS 7%BN/EP & & 4 R R #4144 [ Wi iy

A PTT B B AR IR T B AR T 8.5% (24 B A
L TR PR E

SE Mk

[1] JIN F L, LI X, PARK S J. Synthesis and application of epoxy
resins: a review[J]. Journal of industrial and engineering chemis-
try,2015,29:1-11.

[2] AR, RIS R R AU G B 2 5 0 TR JE ],
16418 417,2021,84(4):313-321.

[31 X, B4 R A DR I 45 AR i S e v 1 AR IR B ST 3 g
[J]. F9r F 2 4%,2020,51(8):817-832.

[4] XU R, FhF bR, X0 25 10,55 | 35 198 58 e F) T [l W S 330 A 7 5
PR ) 7555 1R REWE TTI]. W TR 2441,2023,38(15):4019-4029.

[5] CAPELOT M, UNTERLASS M M, TOURNILHAC F, et al.
Catalytic control of the vitrimer glass transition[J]. ACS Macro
Letters,2012,1(7):789-792.

[6] JINY, LEI Z, TAYNTON P, et al. Malleable and recyclable ther-
mosets: the next generation of plastics[J]. Matter,2019,1(6):1456-
1493.

[7] PODGORSKI M, FAIRBANKS B D, KIRKPATRICK B E, et al.
Toward stimuli-responsive dynamic thermosets through continu-
ous development and improvements in covalent adaptable net-
works (CANs)[J]. Advanced Materials,2020,32(20):1906876.

[8] ZHAO W, AN L, WANG S. Recyclable high-performance epoxy-
anhydride resins with DMP-30 as the catalyst of transesterifica-
tion reactions[J]. Polymers,2021,13(2):296.

[91 HU K, WEI T, LI H, et al. Interfacial broadening kinetics be-
tween a network and a linear polymer and their composites pre-
pared by melt blending[J]. Macromolecules, 2019, 52(24): 9759-
9765.

[10] CHEN M, ZHOU L, WU Y, et al. Rapid stress relaxation and
moderate temperature of malleability enabled by the synergy of
disulfide metathesis and carboxylate transesterification in epoxy
vitrimers[J]. ACS Macro Letters,2019,8(3):255-260.

[11] B akae, £ 2 i 58 B TR SO 2 B A B S
JI (0 14 BEAIE 72 (0] A6 87 B A4 %),2018,46(3):100-102.

[12] LEGRAND A, SOULIE -ZIAKOVIC C. Silica-epoxy vitrimer
nanocomposites[J]. Macromolecules,2016,49(16):5893-5902.

[13] WU X, YANG X, YU R, et al. A facile access to stiff epoxy vitri-
mers with excellent mechanical properties via siloxane equilibra-
tion[J]. Journal of Materials Chemistry A, 2018, 6(22): 10184-
10188.

[14] MEMON H, WEI Y, ZHANG L, et al. An imine-containing
epoxy vitrimer with versatile recyclability and its application in
fully recyclable carbon fiber reinforced composites[J]. Compo-
sites Science and Technology,2020,199:108314.

[15] MEMON H, LIU H, RASHID M A, et al. Vanillin-based epoxy
vitrimer with high performance and closed-loop recyclability[J].
Macromolecules,2020,53(2):621-630.

[16] HAIJJ R, DUVAL A, DHERS S, et al. Network design to control
polyimine vitrimer properties: physical versus chemical
approach[J]. Macromolecules,2020,53(10):3796-3805.

[171] WANG S, MA S, LI Q, et al. Facile in situ preparation of high-



@wEsFRL 2024,57(5)

W AR R AT [ AR A S R S S ARG I A re Ak RERIT T 19

[18]

[19]

[20]

(21]

[22]

(23]

[24]

(25]

[26]

performance epoxy vitrimer from renewable resources and its
application in nondestructive recyclable carbon fiber composite
[J]. Green Chemistry,2019,21(6):1484-1497.

MEMON H, WEI Y, ZHANG L, et al. An imine-containing
epoxy vitrimer with versatile recyclability and its application in
fully recyclable carbon fiber reinforced composites[J]. Compo-
sites Science and Technology,2020,199:108314.
KR e A 0, A AL B K B R SR M 3 A
5 L BERIBT SE[J]. o R IR H0R 2021,47(2):645-651.

Wk, 30 T30 M L. WK B AL - 28 K S AL B0 5 0 M R
G AGRED]. S B EBIR,2021,47(1):251-259.

R, TR, A7 B S R - R 52 R S bR S AR
S5HAYREEE R R T[], M R ,2019,45(9):2715-2721.
5K 1R PR, AL A RGN 95 20 I SR A B A A
SR R R (0], 45264 8, 2021,54(6):38-43.

LIU Z, L1 J, LIU X. Novel functionalized BN nanosheets/epoxy
composites with advanced thermal conductivity and mechanical
properties[J]. ACS Applied Materials & Interfaces, 2020, 12(5):
6503-6515.

TR MR AT, SN A SRR e A R R A AR
RYBIF FEE e []. 45 5044 8,2022,55(3):10-22.

HAN Y, SHI X, YANG X, et al. Enhanced thermal conductivi-
ties of epoxy nanocomposites via incorporating in-situ fabricat-
ed hetero-structured SiC-BNNS fillers[J]. Composites Science
and Technology,2020,187:107944.

HZ TP B, A5 IR S IR/ e AL B AL 9K

[27]

[28]

[29]

[30]

[31]

[32]

[33]

£ HLA T ) % S EL M REWE FE[0]. 4404 £1,2022,55(7):27-33.
JEIE A R TRE,AS ORISR 3 T b B AL A S
NG ST A AR BBV A BRI ]. 48 2581 #1,2019,52(1):10-16.
FORTVEHLENLR, S AR BN 9K R PR A R T A
SRR RENAT]. 48 2501 K ,2021,54(9):48-54.
YUE D, YIN J H, ZHANG W C, et al. Computational simula-
tion for breakdown and energy storage performances with opti-
mization in polymer dielectrics[J]. Advanced Functional Mate-
rials,2023,33(30): 2300658.
TANAKA T, KOZAKO M, FUSE N, et al. Proposal of a multi-
core model for polymer nanocomposite dielectrics[J]. IEEE
Transactions on Dielectrics and Electrical Insulation,2005,12(4):
669-681.
B T, TR, 2R LA 4 R RE N SR I T AL XUy A B3R SR
B AN 10 50T Bh 1 SR D). 46 2641 KE,2020,53(9):24-29.
BT, JH SR VA R BRSNS T B AN A4 K 45 2 5 g A SR
B T 2 PR RE I 43 7 B 0 SE AR, 46 5k R, 2021, 54
(1):78-83.
BLHR GRS . AR A SRR % S 0T S 0], 48 %%
FEE2021,54(2):14-19.

ks HE#A:2023-10-10; &= HEF:2023-11-30.
EEREN B F (1987-), 5 (R3%), BRITFFvb RA L #4%, 1%
T R T EOACARERNBGREMNTBEEE EA
(1994-), B (R3%) , BAITA AL BRI , 18, B 5 7 ) 4 4 2%
R BANIR e LT B e RE .





