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Preparation and characterization on carbon fiber composites with high thermal

conductivity based on multifunctional intercalation structures

CAO Hongtao , CHENG Tao, SUN Zhenghao , CHEN Li, LI Yaoyao , HU Bingsheng
(Shanghai Institute of Spacecraft Equipment, Shanghai 200240, China)

Abstract: With the extensive application of carbon fiber reinforced resin matrix composites in aerospace field,
structure/function integrated composites will play a crucial part. In this paper, asphalt based carbon fiber (CF) rein-
forced cyanate ester composites with high thermal conductivity were prepared by functional interlayer technology
(FIT). The film material graphene sheets (GNPs)-Al,03/CF prepared by electrophoretic deposition of GNPs and
Al,O5 on the surface of the short-cut carbon fiber film was used as the functional interlayer film to replace the
resin-rich layer region between the fiber layers. The in-plane thermal conductivity and through-plane thermal
conductivity of orthogonal lamination composites are increased by 123.1% and 77.5%. The in-plane thermal
conductivity and through-plane thermal conductivity of quasi-anisotropic lamination composites are increased
by 119.0% and 50.0%, respectively. In addition, the addition of multifunctional intercalation structure can prevent
the propagation of cracks and improve the interlaminar toughness of composites. Therefore, the multifunctional
intercalation structure can not only form an effective thermal network structure between the layers to improve the
in-plane and out-of-plane thermal conductivity of the composite, but also improve the toughening efficiency of the
interlayer region.

Keywords: functional interlayer technology; carbon fiber composites; in-plane thermal conductivity; through-

plane thermal conductivity; interlayer toughening
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Vacuum assisted self-assembly

GNPs—Graphene sheets; CF—Carbon fiber; PU—Polyurethane; APAM —Anionic polyacrylamide
A1 e f R AR B R
Fig.1 Roadmap of thin film preparation technology
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Table 1 Thin film materials for comparative experiments

1.3 EAMBEAWNNE S
B G vk 28 28 4] £ 0.08 mm JE JE 1Y TC-

Sample Sizing agent  Electrophoretic deposition o 8

CF Yes None HC-600/CE TiiZ £, £F 4K FLH & 65vol%=3vol%,

o None None 98 JF 46 HL 09 1 300 mmx300 mm K97 He . R IE
2U3 2U3 . . — .

GNPs/CF None GNPs 25l )7 [0/90], FAE 25 1) [F] 14 4l )2 [0/+45/90/-45],

GNPs-ALO,/CF  None GNPs/ALO,

il LT 4E S A b RE, JF Bk BR 1A 2 FE 3 R

Autoclave curing molding

FIT,, CEFRP for thermal study
CFRP lay-up-orthogonality/ouasi-isotropy

Interleaving
CF prepreg

Autoclave curing molding

SRR

B aoistetetstatetetetetelet
RIS
R RERRRLRERRRS

GNPs-ALO,/CF

NPs-ALO,/C

AAAAAAAAAAAAAAAA

FIT,,, CERP for thermal study

CFRP lay-up-orthogonality/ouasi-isotropy

FIT—Functional interlayer technology; CFRP—Carbon fiber reinforced polymer;
FIT;,—The outermost layer of the specimen is CF; FIT,,,—The outermost layer of the specimen is GNPs-Al,O3/CF

K2 ZatRH PR f 5 n B

Fig.2 Schematic diagram of sample preparation for thermal conductivity testing of composite materials
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FIT,, CFRP for toughening study

FIT)—Interlaminar fiber toughening based on FIT
3 AR MBI R 6 #on B

Fig.3 Schematic diagram of sample preparation for interlayer toughening test of composite materials
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Sealing
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Fig.4 Schematic diagram of the molding process (a) and

curing process (b) of FIT;,, FIT, and FIT}; composite laminates
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5 JET SEM f TC-HC-600 LT M MUIESE : (a) T &A EHA; (b) BEAS FEF; (o) RIKTIBUEMiZE i

Fig.5 Surface micromorphology of TC-HC-600 carbon fibers based on SEM: (a) Surface contains a sizing agent; (b) Surface does not contain sizing agent;

(c) Surface electrodeposition modification

2.0
2.0 um
2.0 um

2.0 pm

1.5

6 ZET AFM f) TC-HC-600 BREFAER MM : (a) RIEA _LHKA; (b) RIEAE_LIKA; (o) IKTIBREMRT

Fig. 6 Surface micromorphology of TC-HC-600 carbon fibers based on AFM: (a) Surface contains a sizing agent; (b) Surface does not contain sizing agent;

(c) Surface electrodeposition modification
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Fig.7 Schematic diagram of surface contact angle 6 of CF and
GNPs-Al,05/CF thin film
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(b) Through-plane

Thermal conductivity/(W-m™-K ™)

CF CF-1  ALOJ/CF GNPs/CF  GNPs-

ALO,/CF

8 AFREA YT (2) sk (b) #F5

Fig. 8 Inplane (a) and out of plane (b) thermal conductivity of different thin film materials

Thermal conductive pathway
® ALO, ===GNPs
9 RNREIELZSHAERBR R R (a) ALO; PULHI AT
(b) GNPs MfEHifEAE; (c) GNPs-ALO; AAfRAmHiAE ;
(d) T SEM £ GNPs-ALO; W45 A4 7 2 &

Fig.9 Schematic diagram of heat transfer paths for different thin film

structures: (a) Heat transfer paths of Al,Os; (b) Heat transfer paths of
GNPs; (c) Heat transfer paths of GNPs-Al,O5; (d) Microstructure diagram
of GNPs-Al,0; based on SEM
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