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Abstract: The interphase is an important component of carbon fiber/resin composites, which determines the comprehen-
sive properties of composites. However, since the surface of carbon fiber is chemically inert, it significantly reduces the
interfacial adhesion of composites. Therefore, it is an essential breakthrough to improve the interfacial adhesion of compos-
ites by surface modification of carbon fiber. In this paper, carbon nanocellulose fibers ( CNFs) and carbon nanotubes
(CNTs) were introduced onto the surface of circumferential carbon fiber by vacuum filtration, the CNF/CNT/carbon fiber

multi-scale reinforcement was introduced to improve the
S EED. 2021-09-17 B HH#I. 2021-12-20 interfacial adhesion of composites. The results showed that
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tween modified fibers and resin and improved fiber surface

energy. Vacuum filtration adopted in this work overcomes
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fiber surface and improving interfacial properties of composites.
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Fig. 1 SEM images of fibers surface morphologies; (a) CF, (b) CF-CNF, (c¢) CF-CNF/CNT
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Table 1 Surface element analysis of carbon fibers
Elements and contents( at% ) Element content
ratio of
Cls Ols Nls Si2p 0 and C
CF 73.59 16.76 2.13 7.52 0.23
CF-CNF 63.98  30.48 — 5.55 0.48
CF-CNF/CNT 69.26 27.7 — 3.05 0. 40
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Fig. 3 XPS widescan spectra of fibers (a), curve fittings of XPS Cls spectra; (b) CF, (¢) CF-CNF, (d) CF-CNF/CNT
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Fig. 4 Contact angles of fibers with water, formamide and diiodomethane, respectively (a), surface energy of fibers (b)



Ho

S, U7 R CNE/CNT/ BT AR B bR R TP RE I 127

M CF B 4. 12 3% 13.39 F113.02 mJ -m > (& 4b)
3% 3B i T CF-CNF Fl CF-CNF/CNT £ &4 B L1
T4, CF-CNF/CNT #f Lk CF-CNF # M e A & g
WAL, 2 M T CF-CNE/CNT 19 O il C JTCE & & g
%, 5 CF M H, CF-CNF A2 i fg (2> & M CF 1Y
22.24 /0% 16. 64 mJ -m™, EHT CNFs B EL 4 £
I, WA T ARG, (1520 4k 32 10Ok 5 BRI
AL CF-CNF, CF-CNF/CNT () 3% i 88 {4 #4> & XM
16. 64 W& {3 18,51 m)/m®, BEH] CNTs 5| ARG T
SFYEFEHREE . BAORUE, 3 FhEF4ERY R mifEAIHET R
CF-CNF/CNT (31.53 mJ/m’) > CF-CNF ( 30.03 mJ}/m’) >
CF(26.36 mJ/m’), —MR U, RIEAEM &, A A FH#
JEFEAA XS R EF 2 (3= 318, DT A ] T g R0 5 4 [ 14 )
PR 2AAH EAE R, 2 1 4 05 27 4 55 4 B 22 8] 1% 5 1f 57
LI
3.4 HAEMEMIEHNAEAVIEE

Pl 5 R ANIRIBRET 2 5 31 ERT AR B2 65 MR TFSS {H,
CF/FREMRAY TFSS {5} 60.7 MPa, % CNFs g5, CF-
CNE/ FNER S A FPEY TFSS MR 2 63.5 MPa, 127+
T 4.6%, PIRERH T CNFs A7 Kt i, =\ T4
HeRIERE, MR T LR SRR T Y SRR FH A A o
YER (RIS IR SEH R ) . 44225] A CNTs J5, CF-CNF/
CNT 53 AN B2 A MR TFSS {H3E i % 75.3 MPa,
AALE CF MRS T 24. 1%, ML CF-CNF 48 T 19.5%),
TFSS fit— e nT REIS N T LA F AN il 55—, CNTs
BRI KA L EA W W ETHLIE A, B T 4r4E S

gof
60l I
©
o
=
Haof
n
=
60.7
20f
0 1
CF CF-CNF  CF-CNF/CNT

K5 4 5RARZ A TFSS
Fig. 5 IFSS between fibers and resin
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Fig. 6 Surface morphologies of different fibers after debonding: (a) CF, (b) CF-CNF, (c¢) CF-CNF/CNT
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