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Abstract: In this study, nylon66/carbon filler composites were prepared according to the type and content of carbon filler,
the surface resistivity, electromagnetic interference (EMI) shielding performance, and mechanical properties of the com-
posites were investigated. The carbon fillers such as carbon black (CB), multi-walled carbon nanotube (MWCNT), nickel
coated carbon fiber (Ni-CF) were used. The nylon66/carbon filler composites with different filler types and filler content
were fabricated by using a twin-screw extruder at 280 °C reference of die temperature. Double percolation was certified
by surface resistivity when CNT and CB were compounded together in nylon66 matrix. Based on EMI shielding effec-
tiveness, the minimum content of NI-CF was 20 wt% when the EMI shielding effective value has over 40 dB. The com-
plex viscosities of the nylon66/CNT/CB/Ni-CF composites were measured by using a dynamic rheometer to determine
the processability of the composite. Also, the morphological properties were investigated by using SEM.

Keywords: nylon66, carbon filler, EMI shielding effectiveness, surface resistivtity.
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nano tube) T5 R U= 7H2E-] (carbon black, CB) E3AE-
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ME. Hd 2662 HAZIEL WAL ASWG6eS AHE-SHIAL,
FHLE2 (carbon black, CB)YS H3}eREALe] 217 34 nm, PH
9, DBP Absorption 495 mL/100 g%l KETJENBLACK EC
600JDZ, T el =S H (multi walled cabon nano tube,
MWCNT)= CyiCo., Ltd®] 273 10~40 nm, A ©] 1-25 um,
%% 93%2] CTUBE 100& Ag31glom, Uzl I9% e
’d-f-(nickel coated carbon fiber, Ni-CF)= 222142 A1€]
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CB/CNT OfAE{HiX|(Mater Batch) M=, & o)M=
CB9} MWCNTS] Y& U] A S 28l wi=Eful
] (masterbatch, MB) 482 ZHEsINIH U266, MWCNT,
CBE 80°C 3 2E0lA 6A7F o] 7124171 & HAAKE
Mixer(QC-Mixer 3000)E AFH&-3te] 158 &<, 50 pml.=2,
280°C Z7o|A CBS MWCNT &3S 717 s wi%H o2
a17gste] Azt

LI2=66/CNT/CB, LIQE66/CNT/CB/NI-CF £&8H| K=
U A|EME, JdBZee/erade EA Az Al UdE66,
MB %2 B2 FHEL 80°C QoA 6A|7F o4t 21-38] 7
2% 5, F F79 o|EUE7I(AH-El A BA-11, L=44 cm,
D=11 mm, L/D=40 1&]3 ¥}$-6|= BA-19, L=76 cm, D=19
mm, L/D=40)Z ©]-&3}o], 150 rpm, 270/270/280/280/260/
240 °Co] Z7194 b 2 ARS8 UAE66/8 A B
S A ZEATE 3 Ni-CF g s 593 zhzte) ¢
%7] 274904 YL E66/CNT/CB/Ni-CF £33 S | %31
on, olu] CNTS} CB= % o] 10 wi%<! wh2=E 8l x|
(master batch) FEIZ FY3IN 2L, AAEAHHEE AZ Al Ni-
CF2| 60%% EF A EE3 dry blendingdte] m|Ql v &
YA, YA = 20%4 F 1] Alo]= Sufeo] Fl5te
Az T Table 10 A& 248 g2kt Axlst
2H s, R 54 9 7AIA B4 SHE S8l o
AL 280 °Ce] 7HE Y 2E o] &3t A|Ztelalom, Al
A& A& 7](SeiEX 130)E ©]-8-3F4] 50 rpm, 285 °CollA]
A 23t

BN 3l 3. YA 2eertady B30 AgEALS o
5A1871(Qmesys QM100T, universal testing machine, UTM)
£ o]g3l] 1 mm T2 dog-boneFENS] A HOZ cross
head speed 5 mm/min® 2 =% 3G Th FFAH-ES 50x13x
2mme] A|AS 37 HIAIF S RZ cross head speed 1 mm/
min® 2 S48t A 75 S tiF o R vl

Table 1. Sample Name and Recipe of the Composites

Sample Nylon66 CB  MWCNT Ni-CF
(Wt%) Wt%)  (wt%)  (wt%)  (Wth)
Nylon66/CB(4) 96 4 - -
Nylon66/CNT(4) 96 - 4 -
Nylon66/CNT(2)/CB(2) 96 2 2 -
Nylon66/CNT(2)/CB(2)/
Ni-CF(10) 86 2 2 10
Nylon66/CNT(2)/CB(2)/
Ni-CF(15) 81 2 2 15
Nylon66/CNT(2)/CB(2)/
Ni-CF(20) 76 2 2 20
Nylon66/CNT(2)/CB(2)/
Ni-CF(30) 66 2 2 30

Zan, 44148 A35, 20174

SRS S50, 27 25 mme] 9% Al
H 8= 7] (Anton paar MCR301)E ©]-& 3}
280 °Coll 4 0.9 mm gap 7+A €] paralel plate, 52 0.01-
100 Hz M $]oA =431 3L, W3 (strain)y strain sweep 2
7 A3 Aego] fREE 20%=E gkt EHA TS
EHAY =A7](LORESTA-GPAF MCP-T610, resistivity
tester)E o] 83t om, TAHAFAEHL T/ 2mm, 2x2 cm
o] GAltE meFo] Al HO 2 4-Point ProbeZ =7 31T
AR 244735 5785171 218 KS C 03049] Al++40l
w2} 249 & A 3% L (ELECTRO-METRICSAF EM-2107A,
shielding effectiveness test Fixture)S ©|&3}l51oH, =4 =
A7 A2 U ES ZEA7](AgilentAt E5071C, network
analyzer)E ARESIATE XIFAIE T4 2 mm, A5 14 cm ©]
de] A9 B NS ARSIt v FEe] B g
el $18 FAPAAIE ] (Tescan VEGA3, scanning eletron
microscope, SEM)S 0|83} om AlHe] #agme Fut
FRE &, 7EEAY 20 kve R AEaIT
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Ho|a vk A =5 7IXIth Figure 19] A247E 1
A CNTS] WA o] CBRETE Y Fafollr v ks o
e 28 & S 9o, CBF ONT 2% 9] gheo)
2wi%d W FA4% FHAL] AE UERl AT CBS

2e+8
5z
¥ nvloné6/CB

2e+8 A nylon66/CNT
E‘ 1e+8 -
-
g Se+7

o+7
2
&
_‘é -
3
= Be+4
o
s
t
S <@
N de+d

0o - -~ - * *

T T T T T T
1 15 2 3 4 5

Filler contents(wt%)

Figure 1. Surface resistivity of nylon66/CB, nylon66/CB compos-
ites.
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UERHARE Hs} == vusiA] et o= 2 wi%ell
A A7 MEY A F27F FAF 0] 1718 H=7) SRy
A7) w2l FrHH g AxA dHE Hristx & Hel
7} fle A= A 4 Stk 7Iee] ATECl 95 CB
o} CNTE B3 A8 u dA7]d A4 &3 Jsa3
(synergistic effect)oll 2Jall A2 o] M=Ad Lejggolr=
718 MESY A 25 FAsh= o= HuHA7] wi
ol® CBS} CNTE| 3RS 2 wtve® A7l B3 & A=
Sk & HAES A5l CBY CNT/F G522 4wit%
A7k H3tAe] A3 2k Figure 200 HlaLsto] VieR
Ak JLE66/CNT(4)2F FAE66/CB(4)S] WA o] 7+
7} 246, 280 QL] <1H] Hlal], UAE66/CNT(2)/CB(2) &3
o] AL 204 Q1= F& o] FAF = E3laL
o w2 FHAES YRS ERIIIT ol T3H7F A
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Figure 2. Surface resistivity of nylon66 composites with different
carbon fillers.

Figure 3. SEM images of (a) nylon66/CB(4); (b) nylon66/CNT(4);
(c) nylon66/CB(2)/CNT(2) composites.
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H3lS 72319t Table 25 MB A& A3 YA E66/
CNT(2)/CB(2)/Ni-CF(10) E5Al2] £4 HalE vepd Zlolc}.

2B 0|83 LU 2 66/CNT(2)/CB(2)/Ni-CF(10) £
A EHA o] MAES FRIT 4 U=, ol= MB A
Al E§71A 1AH o2 ghAdE S BATIAL 23} 9F
F7HAR1 ko] Meds]7] wjF o= s 4 o).
AFEAT} Z3549] 7-9= MB H8A] FARHA
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=2 AT os)] YdE669] dF- dslrt 2
o2 §58 4 Ak ¥E FFEA 2o

S HolX|vk A714 EAQGEEAA T o] oF
25% AEe] B4 A4S e o] A& SHeA
= MBY] Fgo] a3t og gokst 4= 9t}

Figure 4= Ni-CF¢] ol w& HUE66/CNT(2)/CB(2)/

N

oot o O T e B
129
)

o
o
S

>

o
=2

£
N
(o]
ft
o

s
oX,
B
ol
i =

=
M

Table 2. Physical Properties of Nylon66/CNT(2)/CB(2)/Ni-
CF(10) Composites with or without MB

Master Surface Tensile Flexural Flexural
batch resistivity strength strength modulus
((9m)] (MPa) (MPa) (GPa)
Without 16.0 47.0 98.6 6.9
With 11.9 48.4 95.3 6.2
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3e+1

3e+1 A ®
2e+1 4
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Surface resistivity [Q /o]

5e+0 |

3 10 15 20 30
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Figure 4. Surface resistivity of nylon66/CNT(2)/CB(2)/Ni-CF com-
posites as a function of Ni-CF content.
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Figure 5. EMI shielding effectiveness of nylon66/CNT(2)/CB(2)/

Ni-CF composites for the specimen fabricated by hot press.
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CFe] g=fo] 10, 15, 20 wt%® F713= B8, AAtat
2] 5ol QlojA] 2 xjo]2 Holx| Y= AL oldt
AT Ltz oz CF7F A7FE B3kl 2lojA CFe] wj
o] Xl Aol We PTG F= Aoz A Yok A
Zpat 24| A5l tigk CFe] HHUJEOl v 2= FEe s}
7] S8l AEAE7E Sl AR AlHe] AAlu 2l A
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Figure 6. EMI shielding effectiveness of nylon66/CNT(2)/CB(2)/
Ni-CF composites for the specimen fabricated by injection molding.
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Figure 7. Mechanical properties of nylon66/CNT(2)/CB(2)/Ni-CF
(20) composites for specimens fabricated by compression or injec-
tion molding.
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Figure 8. SEM images mechanical properties of nylon66/CNT(2)/
CB(2)/Ni-CF(20) composites for specimens fabricated by compres-
sion or injection molding.
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