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Fabrication of nano/micro hybrid compositesusing a discharge flocking device

Byung-Kon Lee*, Hak-Gu Lee*J", Sang-Bok Lee*, Wonoh Lee, Jin-Woo Yi*, Moon-Kwang Um*,
Byung-Sun Kim' and Joon-Hyung Byun"

ABSTRACT

One of the biggest challenges in the nano-field is how to effectively disperse nano-scale particles, especially
CNTs, which are strongly agglomerated by intermolecular van der Waals forces. This study suggests a new
method, discharge flocking, in order to disperse nano-scale particles effectively, which combines corona
discharge phenomenon and a traditional electrostatic flocking process. In order to evaluate the discharge
flocking process, composite specimens were fabricated by the process and RFI(resin film infusion) process, and
then the mechanical and electrical properties of the specimens were measured and compared. Moreover, the
evaluation of gas discharge effect on the CNTs and epoxy was performed to compare the mechanical and
electrical properties of the composite specimens including the plasma treated CNTs. The experimental results
showed that the electrical and mechanical properties of the specimens fabricated by the discharge flocking
process were similar to those of the RFI process. In addition, plasma treated CNTs were not affected by gas
discharge during the discharge flocking process.
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Table 1 Physical properties of nano-scale particles
Physical properties CNT (CM-95)
Density (g/cm’) 1.8
Surface area (ml/g) 200
Diameter (nm) 10-15
Length (pm) 10-20

Table 2 Physical properties of fibers and matrix

Phvei ) Plain woven Epoxy
ysical properties ; ‘:[asrrlzl(;t;( ) (YD-128)
Density (g/cm3) 1.8 1.2
Elastic Modulus (GPa) 240 34
Strength (MPa) 4800 8.7
Areal weight (g/m’) 200 -

Transfer
electrode

Fig. 1 Schematic diagram of a discharge flocking device.
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Fig. 2 Schematic diagram of the three-roll milling.
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Fig. 7 Effect of inserting CNTs into carbon fabric/epoxy composites
by the discharge flocking and the resin film infusion: (a) short
beam shear strength, (b) electric conductivity.

oo p,=2igim

8

759 Frose

¢

|
T

ns

8.4

1.8 Feoes

BRAF Jroomrres s s et panss s

L5 P

Short beam: shear sirength (MPa)

0.9 No  Phswma  Ne Pl
Treatment  treated  reatment  trented

Discharge lockiag  Resin film infusion

@)

- =Through-the-thickness dirsction
— =2ig/m
z o ! p=2ig
4 i
E-PR S
£
= o
z y ]
w 0 A""“”"WT
'g 008 b R -
& o
‘Q
% 008 | s e
= oo b

400 No  Fhma  Ne s

frestment  freafed  (reafmeat  treavied
Discharge flocking  Resin film mfusion

()

Fig. 8 Effect of the Ar plasma treatment of CNTs onthe properties of
the composite specimens fabricated by discharge flocking and
resin film infusion: (a) short beam shear strength, (b) electric
conductivity,

o

2
w2
i

Fig. 9= wdAlma Aas A#Wel ONT
Zobol wE Z7PARE 9 A7 dEE AvE
thk Fig. 9a)s HW Z27PHY 7Z=7} CONT
Logm 3l Aol Ao wabrh AR,
Zohgto] whet E7ARREsE AAHoz
% 9l Fig 9b)ol FA wE AHEE
CNT #7b ®Wumrt Logm' o4 ik Z7hgol
AAEEsL 2748, Legm' olAoldE HrHER
AHTE Bk uwebd, PR 2HY PR
HA7]7] flelME ONT 27 WUE7} pa=10gm’ o}4bo]
sojof &u], A7|HEEE CNT %7t @RS Légm' o5}
fHE FAPoR Z/RS Bt

e
S )
o
=<
H;I:I

FE o
mtl

17}

olN

A
ok
!

i
)
2
X

L

a2
oo 3¢ R o0 o

off

2
S

o4

o

R~
T

3
-

2 g
Moo
@

o
o
&

L3
4
W

Short beam shear streapth {MPa)

2
o

Pa¥ Pt i
1¢gtm®  16gim®  Ligiw
Discharge flocking

@)

»Through-tha-thickness direction

Withowt
ONTs

{$Cm}

¥

Electric conductivit

sl Py £ Pas
Withoul  Log/m®  Lég/w®  2igle’
CNls Discharge flocking
®

Fig. 9 Effect of CNTs’areal densities on the properties of the composite
specimens fabricated by the discharge flocking: (a) short beam
shear strength, (b) electric conductivity.



18 O - OB - o4 - ol - o]

Gl

9
%

T E

o

=)

=

5.4

#x

BEBAMRBRER

ot AVAEEE ZEed
2y PEAE A Fof YAEE ZAgES Stz AelE
CNT 3% | 7|AH EAole 92 4 ¢t
(3) FAAR FAHAN FTHYA=Y FA4E HIAME
CNT 27 W9ms} sol= 1ogm' oliol =olof &
o ®3l, AVAEEES ONT 27 Wus7t 16gm’
olato|l A HAHem FrHgch
wpebA, SHAR FAL7IE FA diten g H 5
AE B ofuEt FAHAZE AA @AY AeR sekEc

F 7

£ 97E R3WA7ERY GRL HAQ “F2E A
mlola/iti BEAE AL 9 ARITA Fa A A9
o2 +4 Hegych

HaEd

1) Dresselhaus M.S., Dai H.J., “Recent advances in methods
of forming carbon nanotubes,” MRS bulletin Vol. 29,
2004, pp. 244-250.

2) Qu L., Peng Q. Dai L., Spinks G.M., Wallace G.G,,
Baughman R.H., “Carbon nanotube electroactive polymer
materials: Opportunities and challenges,” MRS Bulletin
Vol.23, 2008, pp. 215-224,

3) Kim Y., Shin T.S.,, Choi HD,, Kwon J.H., Chung Y., Yoon
H.G., “Electrical conductivity of chemically modified
multiwalled carbon nanotube/epoxy composites,” Carbon,
Vol. 43(1), 2005, pp. 23-30.

4) Gong X, Lin I, Baskaran S., Voise R.D., Young 1S,
“Surfactant-assisted  processing of carbon nanotube/
polymer composite,” Chem. Mater., Vol. 12(4), 2000, pp.
1049-1052.

5) Thostenson E.T., chou T.W., “Processing- structure muiti
functional property relationship in carbon nanotube
composites,” Carbon, Vol. 44, 2006 pp. 3022 - 3029.

6) Shena, M., Heller R.A., Theriault T.P, Konrad K.,

Lachenmeier E., Davis, RW.,, TIBTECH Vol. 16, 1998

pp. 301-306.

7) ARE, oA, olde, oSy, AEH, YA, WEY,
“Bstatge 37 WS HYAZY CNT Hrlgaol ma
A71H 24 gk HRREREASEYS, 2009, pp.
318-321.



