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Abstract: This review paper is a state of the art report of the development of high performance nano-composites with
carbon nanotube. We investigate the research and development (R&D) trends of high performance nano-composites with
carbon nanotube by analyzing technical trends in research institutes and industry. We report the R&D and technology
trends for the properties and applications of fabrication of hybrid composites with aligned carbon nanotubes,
multifunctional fiber/carbon nanotube composites. We discuss the specific topics including unidirectional carbon nanotube,
carbon nanotube forests, transfer-printing carbon nanotube technology, deposition of carbon nanotube by electrophoresis,
vapor grown carbon fiber (VGCF), cup-stacked carbon nanotube, bucky paper and carbon nanotube yarns in this review

paper.
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Compressive Stress (MPa)

Figure 1. (&) Compressive stress-strain characterization, (b) Dissipated energy per unit volume during
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Figure 2. SEM image of carbon fibers (a) before and (b) after nanotube growth, and (c) TEM image of the
nanocomposite structure near the fiber/matrix interface. Results of the single-fiber fragmentation tests (d) and
birefringence patterns (e)™.
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Figure 3. Scheme of the steps for manufacturing of a 3D
composite: (1) Aligned nanotubes grown on the fabric, (2)
Stacking, (3) Fabrication'?.
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Figure 4. Transfer-printing CNT to prepreg: (a) Scheme of
the transfer-printing process, (b) CNT forest on the
prepreg ply, (c, d) SEM image of the CNT forest™.
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Figure 5. (a) Scheme of deposition of CNTs on a carbon
fiber surface by electrophoresis, (b, ¢) SEM image of
carbon fibers with CNTs'.



2.2 dR/EALIERES| 7|53 S8 7I&

221 2UHS 0|88 7|4 dFE EIAHMR/UZFA
Sz
714 A3 g A -g-E(vapor grown carbon fiber,

VGCF)% Aoz 7tA8o] op gigk AAilo] 7}
9 oyt 34 T|Ao| Tttty FdiEH=
%9] shitoltt. Fukunaga ATEE whaA
T e A ol gdtel BAAZ F AR T
g 2o s34 He Bare 2o B 0|83}
1721 & AR majzd 18 HEAAH B
shgith(Figure 6)". o] w EAME EAAMH
£ 10, 20, 30 g/m’e2 Z+z} WslA7|E
E4S =439t Mode | 23] 914
S8 W%yt 20 g/mel ASo 73
o SAMGET 9xrt 30 gm’ed
TS HrehA g ez aRt 93
22 A4S UEUSIth ol FUHF A Al
NAH B4 ol et Barel M Bzt =
A3tz Q7 Aoz ArgE

2 Hr o ok

oo |
(o e N
B
o

HJE

o
S

N
T
)
o

o

) jﬁ oy B> ofr ot fo o do ofw off
(o]

=1
5]
il

222 gAY EALLERE

AHE 9l Enomoto ALE-L EF

Figure 6. Scheme of powder method for dispersing
VGCF on CFRP prepreg™.

75

UrEHE gdhylBE EHo| &% edge site
2 2ol gAYl o3 nEA e
Fejo] FAE By A Aol ostd
Ao} HaeEHE 5w F7he B RE v
A7h BggRe] s wtyAde] Mode Iof4 oF
24l, Mode Il A oF 1.38) 4= et
2.2.3 H7|m|o|mH

3 diste] A7HE Figure 84 R whoh
rol Badg BAR ABA £AE AEAZ
244+ #7]# o] (bucky papen)E HUS2E2 A
sta] o]l E3 AW AW 238 31%, Mode Il
3704 104% FAAHAG. 7AH BEHL
o|7] fiste HdAUERH Fo FHAAHE EF5H
HA #A8 HE7F wobA E4b4do] "HojAE=m
o] %“%MW A Fet A E(sheet) FEjS] AUAS
88 2t 5@ Aoz dyds
& AE oEA SAE AEA
‘ﬂoi A7) (soaking), E¢= A& (hot
compression molding), Z¥ &% (vacuum infiltration)
WS Agetd BRARE AZen a7He
2 Az 2AARE dE26] W FZHvid)e]
Tol Adig oz gAgo] AA Yegen A3
=yo A AR BYgel 1 £
byt

T3 W7jHolH 4SS HETE AS AdEA

S =2k Mode Il 3+l ghol F7hst=Tl, &
oA A HW7|HoHE AU B
2t RAPHE WA A3, AR (zig-zag) =
in

N

op L

1

do] APH AL WAF & YAk ol F
=) -E%-'l—% Aoz MAPEE FIo| H|EY
FiHoz FuHo] Yo #9 Hupo] o g 3
Sk 7}%@

275 HEe w3 4ol
2ol WAsoln AYF e g

] — w‘g‘
tEgeEEg TP S 9ol 37 AW 5

Figure 7. (a) Scheme of cup-stacked carbon nanotube,

(b) SEM image of cup-stacked carbon nanotube®.
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Figure 10. (a) Carbon nanotube yarns, (b, ¢) SEM images
of carbon nanotube yarns, (d) SEM images of various

types of carbon nanotube yarns™®®.
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Figure 11. Product of carbon nanotube yarns by Nanocomp
Technologies™®.
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