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Recent Development of Carbon Nanotube-Carbon Fiber Multiscale Reinforcement
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Abstract Continuous carbon fiber reinforced polymer composites is a key structural material in the area of aero-
space and aviation. To add nano materials with excellent properties into composites could upgrade the mechanical per-
formance of the materials. This report introduces the recent development of fabrication method of carbon nanotube-car-
bon fiber multiscale reinforcement, such as chemical vapor deposition, chemical grafting and electrophoretic deposi-
tion. The effect of carbon nanotube on the interface of the composites is also presented. In conclusion, electrophoretic

deposition would be a cost-effective, efficient and mass productive method in the preparation of carbon nanotube-car-

bon fiber multiscale reinforcement.
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Fig. 1 SEM images of carbon nanotube-carbon fiber

multiscale reinforcement
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Fig.2  Schematic of carbon nanotube-carbon fiber

multiscale reinforcement by CVD
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Fig.3 EPD schematic of anode and cathode
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Fig.4  Schematic of continuous multiscale

reinforcement by EPD method
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Fig.5 SEM images of carbon fibers before and after EPD process
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Tab.1 Assessment of different methods of

multiscale reinforcement

force between CNTs practical
methods efficiency

CNTs and CF oritation potential
CVD strong random or aligned bad  hard & limited
chemical grafting strong random bad  hard & limited
EPD weak random good  easy & scalable
SST weak random good  easy & scalable
sizing moderate random good  easy & scalable
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Tab.2 Effect of carbon nanotube deposition on

tensile strength of carbon fiber

carbon handling
pr()cess

change rate of gauge length

nanomaterial time/min tensile strength/%  /mm

CNT(random) CVD 60 =54 25
CNT(random) CVD 30 =50 -
CNT(aligned) CVD 30 =55 -
CNT(random) CVD 30 -12 20
CNT(aligned) CVD 60 -26 20
CNT(random) CVD 15 18 25
CNT(random) CVD 15 27 25
POSS-0-CNT chemical ~3d 0 20
grafting
O-CNT EPD 15 16 10

(2) XA R AR AR Z AT 2
o7 FH SR PR X B 2T 4 A B AT IR [ ) B RE A AR B2, (H
1 TIREF A HAT IR B Mt A~ | D 27 248 iy i B R
W E B A5 5

(3) X T EPD AR AT b A BURR 2T 4k 1) 3% i
ARSI AN KA A DURIC I 20, 35 57 1T B0 A Bk
QAR VIR (18] 6) TEIEA N UL A4 HAR K 26 1F T
A —E TR LA i LT Y ) B2 RS B

— 10 —

(a) EPD i
Kl 6 EPD BRAKAT B BRETHEA [R5 20 r e
Fig.6 SEM images of carbon fiber before and

(b) EPDJ&

after carbon nanotube deposition
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Tab.3 Effect of multiscale reinforcement on the IFSS

carbon change of rate .
process matrix test type
nanomaterial of IFSS /%
CNT ( random) CVD 26 PMMA frag.
CNT( random) CVD 94 epoxy pull-out
CNT( random) CVD 71 epoxy frag.
CNT (aligned) CVD 11 epoxy frag.
CNT(random) CVD 28 €epoxy frag.
CNT (aligned) CVD 175 epoxy frag.
chemical
A-CNT 150 epoxy pull-out
grafting
chemical
POSS-0-CNT 105 epoxy pull-out
grafting
chemical
PAMAM-0O-CNT 111 epoxy pull-out
grafting
O-CNT EPD 69 epoxy pull-out
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Tab.4 Effect of multiscale reinforcement on the ILSS

. carbon
fiber ) process
nanomaterial

reinforced change of rate
of 1LSS/%

region

woven plies ~ O-MWNT  aqueous EPD  fabric surface 27

woven plies 0-CNF aqueous EPD  fabric surface 9

woven plies A-CNF aqueous EPD  fabric surface 10

woven plies  PEI-MWNT  aqueous EPD  fabric surface 13

woven plies O-MWNT  aqueous EPD  fabric surface 11

woven plies O-MWNT  alcoholic EPD  fabric surface 23
3 4iE
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