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Fig. 1 SEM images of (a) FLG; (b) proflil and (c) cross-setion of TZ40J carbon fiber.
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Fig. 2 SEM images of FLG/CF/APN composites with (a)
no FLG; (b) 6 wt% FLG; (¢) 9 wt%FLG; (d) 12 wt%FLG.

FLG & [r) TV B 41 4 2 (8] (1 T P9 7 1) (B T L1
R 7377 10y A AR K B B ) T3 A AR AE
R FEE AWM BT m R RO %
B 170 = A
2.2 FLG/CF/APN £ &M #5448

43 5 i % b )2 A SR (FLG) i & 2 5ol
0 wt%. 6 wt%. 9 wit%. 12 wt%[#] FLG/CF/APN
SEMEL, FxHTH A5 BT S kT
MR 4E, B3 NFLG/CF/APN & &8k M (A
) 2 J& B 7 1) (7 M) # 5 Z6 Bl FLG o3 &= 43 300
AR

T N N
S W (=) w [ w [
T T T T T T

— —_ —

w BN W

I

93
T

%

In-plane thermal conductivity (W/(m-K))

(=)
T

0 2 4 6 8 10 12
Filler weight fraction (%)

Through-thickness thermal conductivity (W/(m-K))

Fig. 3 Curves of in-plane (right) and through-thickness
(left) thermal conductivities of FLG/APN/CF composites as
a function of FLG content.
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Fig. 4 Particle size distribution curves of APN microspheres.
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Fig. 5 SEM images of (a) APN25; (b) APN200; (c) APN25@
30wt%FLG; (d) APN200@30wt%FLG.
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Fig. 6 TGA curves of neat APN and APN@30%FLG
composites.
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Table 1 Test results of thermal conductivities for APN@FLG/CF/APN composites with different FLG contents.

Mass fraction APN25@FLG/CF/APN APN200@FLG/CF/APN
of FLG (wt%) Through-thickness thermal In-plane thermal Through-thickness thermal In-plane thermal
conductivities (W/(m-K))  conductivities (W/(m-K))  conductivities (W/(m-K)) conductivities (W/(m-K))
0 0.56 12.08 0.56 12.08
1.8 1.06 12.50 0.99 12.49
2.7 1.08 11.31 1.49 13.32
3.6 1.39 13.28 1.62 14.72
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Fig. 7 Curves of through-thickness thermal conductivities
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Fig. 8 Curves of in-plane thermal conductivities of different
composites as FLG content.
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Fig. 9 SEM images of APN200@FLG/CF/APN composites for 3.6 wt%FLG.
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Table 2 Mechanical properties of APN@FLG/CF/APN composites with different FLG contents.

) APN25@FLG/CF/APN APN200@FLG/CF/APN
Mass fraction - .
Flexural Flexural Interlaminar shear Flexural Flexural Interlaminar shear
of FLG (wt%)
strength (MPa) modulus (GPa)  strength (MPa)  strength (MPa) modulus (GPa)  strength (MPa)
0 1149 162 40 1149 162 40
1.8 1163 164 49 1063 171 34
2.7 1031 162 35 1027 166 34
3.6 1037 158 37 870 164 36

I R REINAS K] 5] N APN25@FLG
WG, SHMENEMEREN—ERENS
1hia%s; 2 APN25S@FLG R T-IIN &N 6 wt% (k)
RIFLG % 1.8 wt%)if, EAMEHZ s
L R AL R 46K B APN25@FLG
i mEdt— B3 m, SEkks dhnm s
TR, HARSPER R 1149 MPa %% 1031 MPa
551037 MPa, 125 A& U o B Bk . 52 A
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Research Article

Study on Thermally Conductive Carbon Fiber/Phthalonitrile Composites

Yan-min Pei!, Yan Zhao!*, Jiang-nan Ding2, Chao Zhou!, Kun Zheng?, Heng Zhou?"
(!School of Materials Science and Engineering, Beihang University, Beijing 100191)
(Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract Carbon fiber-reinforced phthalonitrile (CF/APN) composites suffer from low through-thickness
thermal conductivity, which limits their application in high thermal conductivity fields. To address this issue, in
this work, two types of phthalonitrile resin (APN) microspheres with average particle sizes of 25 um and 200 um
were first prepared via reaction-induced phase separation. Subsequently, few-layer graphene (FLG) was coated on
the surface of the microspheres to obtain APN25@FLG and APN200@FLG core-shell particles. These APN@FLG
particles were introduced into the CF/APN composite system as thermally conductive fillers, and their effects
were compared with the direct addition of FLG. The regulation of core-shell particles on the thermal conductivity
of composites and their influence on mechanical properties were systematically investigated. The results
demonstrated that the modification strategy incorporating APN@FLG particles exhibited a significantly
superior thermal conductivity enhancement effect over the direct addition of FLG. The APN resin microspheres
in APN@FLG could effectively impede the in-plane orientation of FLG under molding pressure, thereby
remarkably improving the through-thickness thermal conductivity of the composites. At an FLG loading of 3.6 wt%,
the through-thickness thermal conductivity of the APN200@FLG/CF/APN composite reached 1.62 W/(m-K),
representing a 189% increase compared to the unmodified CF/APN composite. Meanwhile, the interlaminar shear
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properties of the composites remained largely unchanged after the introduction of APN@FLG particles, while the
flexural strength decreased slightly only at relatively high particle loadings. This study provides an efficient and
feasible novel strategy for the design and preparation of high-performance thermally conductive composites.
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