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Abstract: The sizing treatments were used to introduce carbon nanotubes (CNTs) to carbon fiber
(CF) surfaces for fabrication of CF/CNTs/epoxy multi-scale composites. Comparing with the base
composites without CNTs, interlaminar shear strength (ILSS) and flexural strength of the modified
composites were increased by 13.54% and 12. 88%, respectively. Force modulation atomic force mi-
croscope and linear scanning system of scanning electron microscope were carried out to analyze the
microstructure of composite interface. The results indicate that a transition layer reinforced by CNTs
is constructed between fiber and epoxy (EP) matrix, which has certain thickness and exhibits gradient
distribution of modulus and carbon element content. The composites containing CNTs are sonicated
before curing to disperse CNTs in the surrounding resin. As a result, the interface transition layer is
weakened and the ILSS and flexural strength of prepared composites decrease by 7.33% and 5. 34%
respectively. Therefore, the significant role of the interface transition layer in improving the interfa-
cial performance of composites is evidenced again at another perspective.

Key words: sizing; carbon nanotube; multi-scale composite;mechanical property;interface transition layer

(Carbon Fiber, CF) el

N N A} ’ A} A} b

[3,4]



14

2016 12

o s (CF/EP)
Bl 1991 Tijima® (CNTs)
° CNTQ 1)
CNTs
[8—10] s [11—13] , [14—16] ,
(7] [18.19]
[20] s
[14] [11,21] [21,22]
, [23] .
CNTs,
D) (tNTS ’
CNTs ,
1
1.1
(CNTs), 95%,
0.5~ 2um, 20 ~ 30nm,
L76%, ; T7008
12K,1.78g « ecm ™ *, ; JC-02A

1.2
1.2.1

3

b

CNTs , (commercial-
CEF) , , 24h
. CNTs
2h, 0.3mg * mL™' .
(virgin-CF)
, 1 o s
o 5
s 5 (sized-CF),
CNTs
1
Fig. 1 Schematic for sizing process of carbon fiber tows
1.2.2 /
(RTM)
s : RTM s
. commercial-CF,
virgin-CF  sized-CF ,
45% s
100 : 70 ¢+ 1 , 60°C
0. 5h, s
(0. IMPa) o
s 90°C/3h,120°C/
3h,150°C /5h, , ,
, , commercial-CF/EP, virgin-
CF/EP,sized-CF/EP R
sized-CF/EP y
1) CNTS
, sized-CF/EP-ultrasonic

o b



44 12 CNTs / 15

1.3
JC/T773—2010 ASTM D790—03 2
, (Instron3369)
; (Hitachi S-4800) 2.1
o 2 SEM
3 o 2(a) , commercial-CF
X (JEOL JSM- , . (
5900LV) 2(b)), s
; (CSPM 5500) 5 (200,
0 CNTs s
Cr, O , , .
2 SEM () commercial-CF; (b) virgin-CF; (¢) sized-CF
Fig. 2 Surface morphologies of CF  (a) commercial-CF; (b) virgin-CF; () sized-CF
2.2 (el
(ILSS) CNTs ,
f24] 3 1L- CNTs ,
SS, , virgin-CF/EP commercial-CF/EP , o
1.6%, CF 4 5] -
(251 CNTs o 4 s
,sized-CF/EP ILSS  (76. 68MPa) virgin- , ,
CF/EP(67. 54MPa) 13.53%, CNTs , )
. 5 s
e CNTs ILSS ¢ 3 ,
, sized-CF/EP-ultrasonic ~ ILSS o

sized-CF/EP 7.33%. ,sized-CF/EP (903. 20MPa) vir-


zhk
铅笔


16 2016 12

3 1~
b
Fig. 3 Interlaminar shear strength of composites Fig.5 Flexural properties of composites
, sized-CF/EP-ultrasonic
b o
CNTs Lerl
2.3
6 SEM . 6(a)
,virgin-CF/EP R
\ ) CF :
Fig. 4 Flexural stress-strain curves of composites CNTs ’ (
(b)),
gin-CF/EP 12.88% ., sized-CF/EP-ultrason- , ,
ic sized-CF/EP ,
o s tzsd sized-CF/EP-ultrasonic (
6 SEM (a)virgin-CF/EP; (b) sized-CF/EP; (¢) sized-CF/EP-ultrasonic

Fig. 6 Shearing fracture surface morphologies of composites (a)virgin-CF/EP; (b) sized-CF/EP; (¢) sized-CF/EP-ultrasonic



44 12 CNTs / 17
(c)), CNTs ’ SEM | virgin-CF/EP  7Ca))
CNTS ° 6 ( b) ’ (C) ’ ’ ’
CNTs *“ 7 ’ CNTs T700S o
. CNTs CNTs ( 7(b)7(C))a
CNTs Leo=s1] o , N
) CNTs ) CNTs
[11.32] \
’ 7 ’ °

Fig. 7 Bending fracture surface morphologies of composites

CNTs

, AFM

8 AFM

SEM (a)virgin-CF/EP; (b) sized-CF/EP; (¢) sized-CF/EP-ultrasonic

(a)virgin-CF/EP; (b) sized-CF/EP; (¢) sized-CF/EP-ultrasonic

. virgin-CF/EP ¢ 8Ca1)) ,
. ¢ 8(a2)),
200nm , virgin-CF
C  2(b)) o
CNTs , (
8(b-1)), 1. 23pum,
C 8(b2), CNTs



18

2016 12

8

(@Y (2)

(a)virgin-CF/EP; (b) sized-CF/EP; (¢) sized-CF/EP-ultrasonic

Fig. 8 Relative stiffness images(1) and the corresponding stiffness distribution curves(2) along the dotted line of composite cross-section
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Fig. 9 SEM images of composites cross-section(1) and the corresponding curves of carbon element content distribution(2)
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