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Abstract — In this study, we prepared electrically conducting composites using epoxy resin of diglycidyl ether of
bisphenol A (DGEBA) as a matrix, triethylenetetramine (TETA) as a hardener and nickel powder or multi-walled car-
bon nanotubes (MWCNTS) grafted with -NH, groups (MWCNT-NH,) as electrically conducting fillers. Electrical con-
ductivity of composite films were measured by coating on the slide glass with a doctor blade. We measured modification
reactions of MWCNT and reaction of MWCNT-NH, with DGEBA epoxy resin by fourier transform infrared spectrom-
eter (FTIR), thermogravimetric analyzer (TGA) and elemental analyzer (EA). Morphology of composites was investi-
gated by scanning electron microscope (SEM) and sheet resistances of composites were measured by 4-point probe. We
found (9.87 £ 1.09) x 10* Q/sq of sheet resistance for epoxy composite containing both 40 wt% nickel powder and 0.5
wt% of MWCNT-NH, as fillers, equivalent to epoxy composite containing 53.3 wt% nickel powder only as a filler.
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2 MWCNT-COCIZ} 1%% AsEled S F F 70°Cce XF
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A 2718k 96417 300 rppme] HEZ AP w72 wik
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TURRAX T 25 basic S 10N-10G)Z AH&-3+o] 24000 rpm .= 10
7 BAA 7 5 AF 2ol A 2441 7F ¢ DGEBA S MWCNT-
NH,7} RES-3HES ]3It HES- - glass microfiber filter (GF/
C™) (Whatman™, @ 110 mm, pore size 1.2 um), ¥ -&-F~Z 2 Fl
o7& o] gste] Zht oI O R o3 - o EC R 53] AH
5}o] MWCNT-NH,9} RH3-5H4] 92> DGEBAE A| 43131t A%
F 50 °C2] R g4 24413 13T

2-2-3. YA Fuwt E3kehs AR 53 Ax[17]

YA g gkl mbE EH9kA| 0] W A3 ghs gRlsty] St
40 ml 1 who] o] 13.50, 12.0, 10.5, 9.0, 7.5, 6.0 2 4.5 g2
DGEBAS$} 1.5, 3.0, 4.5, 6.0, 7.5, 9.0 & 10.5 g (DGEBA®]| t}5}]
10%, 20%, 30%, 40%, 50%, 60% 2 70%)2] Y7 22 3135}
o] #A7)E AHEEE0] 24000 rpm O 7 10%27F FAMA A 1A Bk

WS TSR AR BPAES A

. CH,
Matrix: HZC\—/]éI - o~©7(l:
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0—C
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Dispersion

Pre-cure at 80 °C for 1 hr
Post-cure at 140 °C for 1 hr

Fig. 1. Preparation procedure of electrically conductive epoxy composite.
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TS AZs] oF 100 um F719] EERS A Z3FSITH19-23].
2-3. 2M

DGEBAS} MWCNT2] HE3- -5 &R15}17] 913101 fourier transform
infrared spectrometer (FTIR, Thermo Nicolet is50), thermogravimetric
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H-2]7 0] = (glass transition temperature, Tg)= DSC (TA Instrument,
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1 -

ol F4¢ 23} 7fA S ARSI TeE 7930t
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SHA ] S 4-point probe® F 8t H 7k TFAAE
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Fig. 2(2)2] MWCNT-NH,2] FTIR ~ZEHS 1B, 2944, 2919
4l 2848 cm el A YEFUE AW C-H 41F 9352 TETAC
o3l ={1E = -CHy-ofl 218k A o= et 5 MWCNT-
COCP’} TETAS] obu] =718} WE-g-3FHA e = op| =2 7329
2J&ke] 1635 em !l C=0 Y7, 1569 em™' -CNH2| X F¥| 77}
ZFAl ERGTH10]. 5 1720 em™'ol] YEp= 712 5-2407] o) o3
C=0 9|37} 1635 em ™' ©. 2 ©]F3}H/| Hi= 2102 MWCNT 32|
ot 7|7 =4 HlSE & 4 Ak Fig. 2(b)9] =5
DGEBA 2~ E&o| A& 3056 cm oA o FA]7]2] C-H A% ¥
A9} 3035 cm~ oA W C-H A& 1 AE g3kt ek
2965, 2927 W 2873 cm™'oll A AW C-H A1F ¥4, 1607 Y
1509 em™'of| A BFek= 112] 9] C=C @ C-C 2151, 916 & 833 cm™!
of| A o] FA)7]9] C-C I C-0-C AFT| 5] e = A& gl
3k} Fig. 2(c)e] TETA® &l A 3171 o] o] X1 DGEBA 2
FTIR 2~FE oA 3056 cm™'of] YEF= o %A]7]12] C-H Al
% A7} fashs e gRlsto] TETAS DGEBA7} k- 3=
28 215k t). Fig 2(d)2) DGEBASF MWCNT-NH, 2] HH-g-E-o]
)&k FTIR AFE o)A+ 3030 em™'of] LR = WaE55 C-H A1
935 gl o 2954, 2920, 2870 L 2854 cm oA Y}
s A 215 9358 I 3056 cm™'ellA] o] A1 7] 2]
C-H 1% 9371 JERA] ¢k A 22 HE DGEBAS MWCNT-
NHy7F A2 9ks- 3F 710 2 Jhekelvh24].

MWCNT-NH,9} DGEBAE RFS-AIZ1 E3tAlol|A] n]Hk-g- DGEBAE
AA8E7] f1eto] opAlE O = Al X5 $-2] DGEBA/MWCNT-NH,
E3HA9F MWCNT-NH,®] EA 4] A#-= Table 101 212t Veb
St} Table 12] EA A= Bl MWCNT-NH, 2| 224 32

HEE-A17 DGEBASH MWCNT-NH, Ato] <] A
S

o]k
=

L84

Table 1. Elemental analysis results of MWCNT-NH, and DGEBA/
MWCNT-NH, composite

d
& 2920
2870 2854
3030 9%
)
=
<
N
g (©) 2965
2 2873
5 30563035
2
< 2919
a) 2944 2848

Elements (%) MWCNT-NH, DGEBA/MWCNT-NH,

Nitrogen 5.07 2.20

Carbon 80.47 85.29
Hydrogen 1.75 233

Oxygen 424 7.29

1509
833
1607 916
1569
1635

T T v T T T T d T v T i T T T T T T T T T T T T T T T
3150 3100 3050 3000 2950 2900 2850 2800 2750 2000 1800 1600 1400 1200 1000 800

T
600
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Fig. 2. FTIR spectra of (a) MWCNT-NH,, (b) pure DGEBA, (c¢) cured DGEBA with TETA, and (d) DGEBA/MWCNT-NH, composite.
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Fig. 3. Reaction product between DGEBA with MWCNT-NH,.

5.07%, B2 8047%, T4 1.75%, A= 424%°] 11, DGEBA/
MWCNTNH,2] 24 $H-2 2.20%, B 85.29%, T4 2.33%,
At 729% VFERSETE DGEBAS] o &A] 7] ¢ MWCNTNH, <]
N-H7} HH-&-8}o] 5:8H417}F 1 © 24, MWCNT-NH,°ll DGEBA”}
3lekA] o 2 AgkslA Bk Wk, AA S 5.70%014 2.20%
O 7 Zhasla Bk SRS 80.47%9NA 85.29%, AHAE 4.24%01 A4
7.29%, T 1.75%014 2.33%C0. 2 574613t ©]= DGEBA®]
EABR= ol FA]7]17F MWCNT-NH,ol| £48H= N-Hg} ¥H-8-31o]
B3} E, oA 0 A FHRS Fol 53 B, AR W A
shge ZrkstAl "t oleist A2 H¥ DGEBAS} MWCNT-
NH,7} A2 58-S 3t R o 7 shdkelthelel Fig. 3 32).

T3 MWCNT-NH,oll 5 (graftyd DGEBAS] %S EA A=
E3510] Axkeksith WA MWCNTNH,2] 2 4o tjst gk4o] v]&
AArsto] B 18.640] 12, MWCNT-NH, 2} DGEBAE HH-g-A171
EkA o] Aol thd §hA o] ¥]i= 44.440| vk MWCNT-NH, ¢
#Atoll DGEBA 8 #3217} A 5 =W A Ao of gt gk €] v 7}
41.897} 5] ofoF gttt whekA] MWCNTNH, 2 DGEBA 2] &84 <]
Bk H]7} 44.440) 37 MWCNT-NH, 3 #7219} DGEBA 3 #2417}
HF-2-3PH o] 2 1]7} 41.89 0| 2. & 44.44/41.89=1.06°] T}, u}z}A,
MWCNTNH, 3+ -4}l 74 © 2 DGEBA”} 1.067] &9 218
Akl = Qgict.

EA 2 3= vl 0 2 MWCNT-NH, o A3t TETA 1 ¥4
DGEBA7} oF 1.06701% =998 215131, 12} o} =7] 9} 23F
obm| =719 FAFEE WHS-A 3 MWCNTE] I A dol & 138}
MWCNTS Atz ez A7t 9 12} obu] 7] 2} DGEBAS] %
AZ7F92A 07 HEgehs o fnkE o], $d i MWCNT-
NH,¢] 3}8t 7"2=F Fig. 3l tFERASIT

100 (a)
80 4
®)
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Fig. 4. TGA weight loss curves of (a) pristine MWCNT, (b) MWCNT-
COOH, (¢c) MWCNT-NH,, and (d) DGEBA/MWCNTNH,
composite.
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Fig. 6. Sheet resistance of electrically conductive epoxy composites
with nickel powder only depending on contents of nickel powder.
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Fig. 7. Sheet resistance of electrically conductive epoxy composites
containing 50% nickel powder depending on type and con-
tents of MWCNT.
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Fig. 8. Sheet resistance of electrically conductive epoxy composites
with different types of 0.5 wt% MWCNT depending on contents
of nickel powder.
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Fig. 9. SEM images of electrically conductive epoxy composites with
different type of 0.5 wt% MWCNT and 50% nickel: (a) Pris-
tine MWCNT, (b) MWCNT-COOH, and (¢) MWCNT-NH,.
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