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Review Paper

Nanocarbon Polymer Composites

Chul Rim Choe*

ABSTRACT: Nanocarbons such as carbon nanotubes (CNT) and graphene are considered to be ideal fillers for
polymer composites, because of their outstanding mechanical properties and high length-to-diameter ratio. There has
been much effort to realize the implementation of their full potential, but a large number of unsolved problems still
must be challenged, for example, effective processing for fabrication. This review deals with the progress that has
already been made in the area of nanocarbon polymer composites using CNT and graphene. Mechanical
reinforcement of various nanocarbon polymer composites is analyzed and compared, and future perspectives in
research and development that need to be done are discussed.
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Fig. 1. (A) CNTs visualized by rolling sheets of graphene (B) CNT
by high-resolution TEM [6].
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Table 1. Physical properties of CNTs and graphene

Property SWCNTs MWCNTs Graphene
Tensile stiffness ~1.4 TPa ~0.3-1 TPa ~1TPa
Tensile strength 50-500 GPa 10-60 GPa
Specific resistance 5-50 pQcm 5-50 uQcm 1-50 pfxcm
Thermal conductivity 3x10°Wm 'K 3% 10° Wm™'K™ (3-5) x 10> Wm™'K™*
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Fig. 2. Increase in modulus against mass fraction for a wide vari-
ety of CNT polymer composites [3].
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Fig. 3. Increase in modulus against mass fraction for graphene-
based polymer composites [3].

2 et ok ARES XA =T AT A Al
ol A ol A el o] frel whef o9 vk At
S 7HAE & ks A& oloprlshar Jlth

Fig. 32 el uiA B3R ARE Kol 9l
CH3). 123tz ONTEF 7 9] et 3 3-& WEp AL gl
1891 9] mEakA st ONT Bok 955tk 212 7heks)
H 7ol vAA] sk Aotk of = BAMI 9] 24 £
o= FA o] ol df 27 ] |7k 2k Tefjof i) ¢
HA 0 R rGO2| We mitalA (250 GPa Hk)d| 7]Ql5Hs
Ao R Bzt

Fig. 29} 30f|A] K520 Wtk o) ghafo] S7kgto] ket
At o] B4 v 2ol et a st EeletA] Hoj it &
312600 mg o] TEHs theiao] & WA w nEAket
o M A HF-8Ad Wzl Hiegha o) Frapo] S7h
of whe} M EAF} Gieets EHS BE 2 A7) 7} a9 of
ATk mhebA] AR B YAt AT 2 AR A
L A Sl Bolz= v Hol Astant w45t
Astelt. Feo] 3AE AAste E ohE sl a9l
T BEES Hojmele A= gt

1 e L L L L I I

i

. " Graphite ((.:—direction)

88

[ ]
104 wgm L]

_.
1
]
]
|
[ ]

o

oL
=
il

[ ]

]

]
LI B ]

1E-34 ™
1E-44
1E-54
1E-64
1E-74
1E-8

Electrical conductivity increase /
mass fraction,S m-3

Graphene mass fraction,m_

Fig. 4. Increase in electrical conductivity against mass fraction
for graphene-based polymer composites [3].

ST Babel oJ3k 7144 ol Ao Srfsteti o
Folup 4719 HEAFL FHA Y 18T FFo0] 44
el 20lo] B3, o] 9ol FAHAL FHA, T 1
B2 o =2 2 Abo] o] A WA gFol = AT QRS Wi
o} a7]e] Hste] FA 0] BAAS FFAA717) $I5t
WAL Lheghio] AEAF] 22 942 483
o). Fig 4% e mEA B e 4

£ AHEE F7H% WEHE HolFm gr3). ek
oA BEo] mieta] 79 ehs Bhels| th A ghafol
F7hebel whet S7hg-e FASHA 1Aasta) btk 1)
U 2 Gl 7IthA) ofstolck. olefat Aukt th
3} 2E AAA T A4 Aolo] Z191ak). Sk BAS
24 sHe w7k Fol thErhs gt ol v ehe
mEEi2e] 1AA ] Sael BAT G2 u AT A
AR A9t a8 Rtk /A A S4B
# 5ol o5l A5 H 7] tgo] v =2l o] ule) A5t
A 943 e Ehar} Bhe SheFol 4= B o) B4
2 gt 280 A7) AEEe] A9 AV AEET}
Ui gk o] 28 3o o8] WA PO Whe g
A TR U 571 7] o ek i A Kol

AN

T
22 Apolo] ST S Adjstele #
ol Auk A7 AEE] A9t ol
ehe A7) Atole] Hau S Hek. olo] Hate] &
AA 2 o] g5 1B L 5
2 A (GO} Ty Eol7] ujie] 440

4719 4 gleh

BA T} 713 0] Aek Aol ofek ghere] B 2 219
theghs 24 B3ARE 53] 71422 54 WelA 7]
2o 1 B, o2 S BadS 25 AR} 4
A7) olgieh. Zeiut 47] % HEA, dAK o] ZHef
A 7129 A B 0] Aol A F2l et 9



BESSEN

ISR =z 151

12 A 4= Qg Aot o] F lsAE SolnthE |
A Wat AL e ARG 7120] SR MR Aol
a] fe)

QoA B vpef o] ishas 3 AR oo
1wkt BRI ROAE therkaSo] £ 43 av}
7} 0.1 o]ahe] uj$- e 5w} Ego] AghE o] ik o] A
& BAYE RO T A1Ee SolalA slol sk AEL
Az317] S bl ster Auba o2 thegkao] 7]
A% EAo] erysttha sheekE S £ 4= 917 o
2o ieths B RE Bad g 58 o] fat B
B0l 05060 T 71T 2% R o3
1 %

_;

2 o|Z3 ARa1 A g

MEL 8 2ol thietha S0 FRP 53R o]

Traditional FRPC Manocarbaon dispersed in resin.
Filbire Matrix Matrix
with filler

Hanocarban pre-placed on fibres I:N'ngmwn un fibres

Fig. 5. Representation of different configurations of nanocar-

1:} o]ﬂg LH,:E}/\E 7]}_94 H 07}§} J—r__?_x} E_?‘sl- XHE-
Q1 FRPO| = J8}o] o] 5 ulo] A& 719 445 Alo|
S Ao ZAbuf Ao =N 47 8 S AR
A She ﬂolu}. olgA FoEH Ft AP ES A4
S LA SR A &3] Wsk= St
T EY 4 QAL 71E9] FRPo| A7 =

152 Rol@ 4 glo] g 3

)
H1
O_>|.'4 0.
)
L
flo

N

F

°] am e G Rt
AR FEE DL 4 YA, EAE thegtas 4
7t Apol o] Awie] me] £k hx5H: Aolch@H). ol
3t Pl BIAR 7HE Aol T4 §oiet EF v
Sha BARLS FAA (o] AR 2719 Fe4R, T

§ Bt el e el of BARSHALL ko] 2wlof 9]
Lo fES o FAS o] §3to] Zejxg 1 B
ol HEAA P& 5 9tk FA4 PHS S0} 3 Aol
of EQH = Lhie TS YISHE WRRO.R WAk 4 glo,
el 7oz Brhem glek AAe 7hE Ao v
S ok f EHo] WA ke 0= HAA A 2
ot E3). o] WHE A F7HA CNTE| 4 golut oeiA
St BFekE S ol §5te] Zuhi o] o] wAkAl
O£ ONTS 5341

Kooz
rﬁ
» o f
P
=
|
iw
H_;
rﬂ
P
° i
okl %
AT -
>
£ -
It
L)
[>
é
Hm
2
J}!I >
o mt mr AL L rfr

Table 2= =3/l Uehdt 25 btk 2 FRP 53¢
Az 5474 *X}Eoll’% 7| A Afret A S Akel
9] jE= XA WY Sl l Xl‘ﬂ‘H;ﬂoi FFE L= %*é"d %

“Tale 25 9 12 ONT ol 45t 5

bons in FRP 3]. 9] %*é%ok gol dofdtt= 2 el 5231 3ot o] 2jof=
Table 2. Property improvement in CNT/FRP composites [3]
System Mechanical improvement Mass fraction Filler integration*
CNT/glass/epoxy 20% ILSS 0.001 disrpersed(typel)
CNT/Glass/Polyester 100% Model 0.01 disrpersed(typel)
CNT/CF/epoxy 60% Model 0.01 disrpersed(typel)
75% Mode2

CNT/CF/vinyl ester 45% ILSS - pre-placed on fiber(type2)

CNT/CF/epoxy 150% Model - pre-placed between laminates
200% Mode2 (type2)

CNT/CF/epoxy 27% ILSS - synthesised on fiber(type3)
50% Model

CNT/alumina/epoxy 69% ILSS - synthesised on fiber(type3)
76% Model

*refer to the text for type 1, 2, and 3.
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Table 3. Composition and Properties of CNT fibers [3]

Spinning method* Composition Tensile strength Tensile stiffness Electrical co_rllductivity
(GPa) (GPa) Sm
Array(1) CNT 33 330 9.7 x 10*
Liquid crystal(2) CNT 0.12 120 5.0x% 10°
Coagulation(3) CNT/PVA 2.9 244 -
Coagulation(3) GO/PVA 0.24 30 1.3x 107
Gas phase(4) CNT 1.5 100 8.0 x 10°
aramid 3.0 112
carbon fiber 44 230 5.9 x 10*
*refer to the text for the number in parenthesis.
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