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=0l=

tetramethyl-4-piperidinyl(BIS)S AME-3F31 T} L]— 66/5-42 8] B3 = o]2$tE7](twin screw extruder)S o83}
of 7heEA TRk e e o ‘:}o]g‘: 715—3 280 °CellA] A|zakiet. BIS7H H7H Y& 66/CB/
CNT/Ni-CF 5H|e] 4%, %%—u 57l thgh /o] B E 9 EFRsATEH EIEJLL, FHAH
2 A7 54 st A9 fle Ae® Ushkth

Abstract: It is difficult to fabricate the product of the polymer/carbon filler composites with high carbon filler content
through the conventional extrusion or injection process due to poor melt flow properties. In this study, the effect of pro-
cessing aid on the melt flow and physical properties of the nylon66/carbon filer composites was discussed. The carbon
fillers such as carbon black (CB), multi-walled carbon nanotube (MWCNT), nickel coated carbon fiber (Ni-CF) were
used. Polyethylene-wax (L-C102N, L-C121N) and 2,2,6,6-tetramethyl-4-piperidinyl (BIS) were used as the processing
aids. The nylon66/carbon filler composites with different processing aid types and content were fabricated by using a
twin-screw extruder at 280 °C of die temperature. In case of nylon66/CB/CNT/CF composites with BIS processing aid,
an improvement of melt flow properties was certified by the complex viscosities and melt flow index, and there was little
change in electrical properties such as surface resistivity.

Keywords: nylon66, carbon filler, electrical property, melt flow properties, processing aid.

Mo E 7V R ow o). o|o} zro] AFA AE F77L o

sl AAREA BYsE A 9 A1) 2

A2 ITe) ZlEweR AFANoE F4 e gkl A%g xS ok AN ¥ AEEY § 7 AgRE
BN At A2RS B3 SEHA 7H»u TG Al olMe) oA FUN 5 AEA QPAEA|S vk WE

Fow ofgsln om ol 1E J 4] 910 Az’ = A Al 2de sl Fo) AHH da) ®

Aol He IT §3abe A2 A Aoz Wl 3 sFssith o3t ATl &)@ 9xE 58 AR

ol whe} 2} AARE A" o] BRsR] L, A7]RE (electromagnetic interference, EMIZ} 31, EMI2] 3k
2 & FFoE H71H o8 Alojshe et FESC =7t A3 AEsk 55 ol ARske ARldars

Ol

sP7] wiEell &~%8h, A3}, 2535 3 )ekE A

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

— F T —— © ael A700 2 5099 59 9014 454 3l
"To whom correspondence should be addressed. B}

younkim@kongju.ac.kr, ORCID®0000-0003-1094-7460 A% ol ek met daabgefel] thel oA et
©2018 The Polymer Society of Korea. All rights reserved. o2 AAG A7} rhdE o] o, M| 7 5S 7t

478



R AFsAHE Aol gk Bl A7 Shstal ok

AR e dubH o g dBE VERH, 30 dB ©]
e aAlE AR s THE AeE e, &
AAgo 2= gk 4 Q/em PIRH] 3HE UE= A
UHA Ut BAUR=R-H (carbon nanotube, CNT), B4
Fr(carbon fiber), 7}4&E ¥ (carbon black, CB), A
(graphene) 5 22 @28 A714 AdZo] frsie] =
AELE S7MI7171 whieell A a1 o] a3fa o= o]§
g QlolW Agstel v e £H o= sk AFsAt
€ SRR, 71 AR A 58] w52 Alske
AL Dol Bekaae 9AF A Bk opet B3}
oA QAE THEE 7Is7ide] =] sttt

AEA EaAE S8 AR AlE2 AT
o2 AF37} 7Fss] wiEell Aatd B 7 Sl o]
Hol st & ¢ stk g0l 1A HdAEe W2
e, W7d B o e o AReR 7] AR
Hxtg 2AE 18R} BgaRE hAshs Aotk &
A L AAG 7R SR AR RS A Bl
QMY AR B UAe] IRE A '
2 (Ni-CFYE @7kd ALgAfel] I g gsto] Az &
A Fol o, 7 B A At S AR Y
837} ofel e Aol @7k Bl tigk 71eh
gl g3t o2, ] AdRA ] JAE AT
2 Bgaayet 99 4 RTPS| YU &/Ni-CF 28] 3L
Premier®] 7341 FEI ] Ni-CFE <124 & ¢ PC/ABS/NI-
CF 5327 o] sl=d, ol Hdadee] A1 448 ¢
A& T AxukAte 45 (50dB o) d)ye WEEA] X
AU 'havdreb 22 Ao A=A defe] ool
=01 88 7k Al 237 vt 88 EESAELEERE,
ARTE 2 AT =F 99 A7 e Ao s vje}
)3 glT) 145

EF WA=t 87 AeAt WF-EoE T2 AMSet
= 5= Eelo=A e £ et e £
ofp|=A] Ao AxA e Edste] A=A 2k
2ANE ATFskaat sk 50 dB o] Ejohn]=/AE
e E3AIE JNgs] fleid e el eadert o
Hetl, AREAEE A B840 2A7E 2R SEjo=
Al A w23 g B AR Al 7
L8 ¥9 3RS TS NEE sloy, A
A Egjotr= A1) Aok A o % 5o A7)
AL, o2 dEdlle UdEe] 7AA =4S A
71= AHARA a%le] Anh's Fejotn= 2] AA| o] g
55747 sl Ao 2 fre 2EAE ARl &
3 TWdshe A7 A RS Egoti =/
2y S99 5554 MdS AT dve mvd A
= et it mebA & AolA= MWCNT, CB, Ni-

oo o

lo
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CF o] 88 vl

1266 B3] EEEA R B4 v
A 71gEAY S

AAH o= AFstaA sic,
4

2. Y2662 AIETHAL] §-5-f8A(MI, 275 °C,
2.16 kg) 73 g/10 min, §4 260 °C, ¥% 1.13 g/em’, 3HA &}
1x10°ohm?] A3W= AR5, 7HEE=H (carbon black, CB)
2 HajekErle] 217 34 nm, pH 9, DBP absorption 495 mL/
100 g21 KETJENBLACK EC 600JDZ, T} ghiiefH
(multiwalled cabon nanotube, MWCNT)E CNTA}FS] &7
10~40 nm, 2] 1-25 um, =% 93%%! CTUBE 1003 A&
stom, Uz I8 g2 f-(nickel coated carbon fiber,
Ni-CF)e E29414A0A] A7 7um, W& 2.65~3 glem’,
AZAEE > 82x10° O/em, U= > 2.5 GPao|H ZHo|7}
6 mm<! Mcf chop carbon fiber& AMS-3FA T}, AFSPIA]A| =
Ciba specialty chemicals*F2] IRAGANOX 1010 0.3 wt%=
Agatdon, 7hyEAlE S84 70§41 90~120°C, ¥
= 0.90~0.98 g/cm’Q] polyethylene-wax(L-C102N, L-C121N)
oF ofnl FRPGSIANAl SFHE(CosHsN,0,)F <13H 216 °C,
A5 480.72 g/mol, 87 82~85°C3] 2,2,6,6-tetramethyl-4-
piperidinyl(BIS)E AM&-3}AT}.

SEHA M= R AIENE. YABeo/dade] B Alx
Al U266, BRI EL 80 °C 22004 6417 o T4
3] Axg &, haEA SF % gl et ol5d=71wt
$E|= BA-19, =760 mm, D=19 mm, L/D=40 cm)Z ©]-&3
o3, 150 rpm, 280/280/280/280/280/280/270/265 °C2] Z 719l
A Y-E66/CNT/CB/Ni-CF B3A1E A3}, ou) CNT
¢} CBY| 2 & A4 71E AAaael” et 2 wt%
2 78IS, Ni-CFe] o2 At A 50 dBE
NESE 590 20 wi%E 2 ste] TS, AFsx]
Ae BE AlHE tial] 03 wi%s JA7bekdch 7HERA 7L
AMEEIA] ek Ul Ee6/atadE E3HE PA/CFRE W3t

Table 1. Nomenclature and Material’s Composition of the
Composites

Carbon filler Processing aid filler

(wt%o) (wt?o)
CNT Ni-CF 102N 12IN  BIS
PA/CF - - -

102N-1 1 - -

12IN-1 - 1
BIS-1 2 2 20 - -
BIS-2 - -
BIS-3 - -
BIS-4 - -

Sample
name
(PAG6) (B

AW
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R3L, 7FEEA7Y ALE BEFZA ] AS- 7Aool E A
&3t YeR e, Table 190 A5H 7 28-S A28k
ot EAAE, FHAY 58 SA5] f1g kA 280 °C
o] MG ZHEE o]&ate] st on, MAtuiatd A4,
A & S8 Sl AREAEE AFE7](SeEX 130)=
o8&t 50 rpm, 285 °CollA A28t
=4 2 S, 66T HFA9] <
21871 (Qmesys QM100T, universal testing machine, UTM)
£ o]85J0] 3mm F79 dog-boneFENS] AIEAHOZ cross
head speed 5 mm/min®.2 ZA3Ath FFAIEL 125 mm
x12 mmx6 mme] AEAHES 38 FLYAEHHEZ cross
head speed 1 mm/min®2 Z43IAth E3A9] 7H58S
Atz o 2 v|wEr| fal EAFEE =Ason, 27
25mme] 9F A AS EW%‘?“;TZ =7 71(Anton paar
MCR301)E °]8-5] 280 °ClX 0.9 mm gap 7FA9] parallel
plate 37 0.01-100 Hz HLlolA S783F55L, H 3 (strain)
2 strain sweep A7 A Hego] §AHE 20%= A5}

X}-E /K—] S u}

Rnom, AL Flat] S8l eAdAEe] &R 54
7](Coad. 1001)E ©]&3l] ASTM DI238 7+4S 835}

275°C, 2.16 kg 2714 314t 524 71(TGA)=
TA InstrumentsAle] TGA Q502 ©]-&3lN o, T2&EEE
10°C/min® =& sl F2ol4] 800 °CS] 2= 9lollM A
AL, BE Oaj{ﬂv:j. & A4E917] stellA AAlskaiT.
FAA S FHAXY =4 7](LORESTA-GPAF MCP-T610,
resistivity tester)= ©]-& 5P9ﬂ2 , ERAAHLS T4 2 mm,
2 cmx2 cme] A Bk Al HO 2 4-point probeZ =
Aetdet. 7hexAlel W Fejshs] A4S flal FARAAE
¥ 1] 7 (Tescan Mira3, scanning eletron microscope, SEM)<-
o]l om, Al HAFHS FuF AR S s, 7HEA
S 20 kVOo R Azt AAtE} A TS 57851 S8l
KS C 0304°] Alg+Ael w2} 27 &A1 82| L (ELECTRO-
METRICSAF EM-2107A(Shielding effectiveness test Fixture))
£ ol&sislor, S A7 A2 VEAZEA] 7] (Agilent
A} E5071C, networkanalyzer)E AFE-3SIA T 2| A HES F
Al 2mm, A5 14cm o8] ¥ 2o AlHeR A]’EH
Yo & A|lxsto] ARE-SFATH

Zn o =2

7I3=H S5 LIAE66/CNT/CB/Ni-CF S&tHel 2
4. Figure 1= 7F-2A] 78 UAE66/CNT/CB/Ni-CF &
Ao ®HA S Ul Aot RE T xAle] gk
1 wt%2.2 741t} Figure 18] 438 Z23=S 29 PA/CF
9] 2.1 QYemE 7IEC R TREEAZE VM EgHAle] A
& el Mg =e mrgts & 5 e, o] 42N E
age] 7RERAZE 7Mo% 714 24 E 43S T

Zan, 4427 A35, 201843

Do) BYAl) ThgEAle] He B

Surface resistivity [(%/cm]
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Type of processing aid

Figure 1. Surface resistivity of nylon66/carbon filler composite
with type of processing aid added.
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Figure 2. Complex viscosities of nylon66/carbon filler composites
with different processing type.
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Figure 2+ 7FazA] S7/E UL E66/CNT/CB/Ni-CF &
Aol 34 (frequency)ol] WHE BAHEE HlweE T8
o|t}. PA/CFol H|wd wf 7HaxAlE AR 739 Aol 31
YE Fule G BAATT} 7HA4AS AL S F 9)
At} 531, BISE H7Fslod Alx3 BIS-19] B2 w7} 71
A 7FA3IA T o] o]f+= BIS Z, 2,2,6,6-tetramethyl-
4-piperidinyl7} oHH| =715 7P7<l¢ Ae TERE ULE669
of|=7]9e] FAaAGo R T Eo] et PE ik
o} 7hs) B4 s E8A0l 74_& 03} 2 oI}

AEAd B 7E AR AR FE *}ﬁﬂﬂi 7+
2 o § %—E%X] “(melt flow index, M(F)I)’} S&E54&
Heshs T8 AR HFEH7] wiel 7hEA TRl
2 MI Hsls 231t Figure 32 724 S7E U
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Figure 3. Melt flow index of nylon66/carbon filler composite with
type of processing aid added.

9 266/CNT/CB/Ni-CF £-314]¢] MIZ UeRd 22 Zot},
Figure 3 A3l 2w 7gxA)7F E£3He#] &S PA/CF &
Ao Hlal] 7rEAE T E3A| ] A9 AAFH R
M7} 58S BYon, 84 F7< 102N-134 121N-1
o] 739 7Rg71718} aEAre] mizke: ZHAAT)E oA
2 283t 717 16, 22%2] 3eS Hole WhE, BIS-19]
A oF 90%2] &8EEAT /I EFE Holal T BIS
o] 739 oA AF S ule} o] ofm|=r]e] EXE YUE
662t E3157d0] st Uehves AHE 458 F 2
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Table 2. Physical Properties of Nylon66/carbon Filler Composites
with Type of Processing Aid
*Injection molding

Sample Tensile Flexural Flexural
name strength strength modulus
(PA66) (MPa) (MPa) (GPa)
PA/CF 112.0 159.9 8.01
102N-1 102.5 158.1 7.89
121IN-1 104.3 153.1 7.53
BIS-1 100.1 149.6 7.34

3, BISY] ZA$7F YAE66/CNT/CB/NI-CF E§4¢] 525

4 Ao 7P aE e & 5 Stk
Table 2= AFE71E ol&3ale] A& 7HxA F/74E U
=

ERd Aolth. HAZ o2 PA/CFS}; HwE uf H7AE
st B39 71AA E40] tha WA= S ERIE
AATE

o= AEAFY] H7EAZE EA Hell 7158 At
7IAA E2d0] aste SR oS5 Figure 4 SEM
AR Z AR 71F0] ERIFEGIT. Figure 4= ©15UE71E
o]-g-sted AxH 7HEA THE HAE66/CNT/CB/Ni-CF
E3A o] st} S #ES SEM ARRlelt), 102N-1,
102N-1]] B]&} BIS-12] ARlGA O] a1 B 7]go] &z

(b) 102N

RAL TESCA

500um

(d) BIS-1

MRATESCAN  SEM M 1O NY
SEMMAG: 190
Ousimiay} 088317

Figure 4. SEM images of nylon66/carbon filler composite with type of processing aid added.
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Figure 5. TGA thermograms composite with type of processing aid
added.

oA SET HIE FEish], 71412 24 SHelA 121N 102N
o] BISel| HJ3l J=st 54 Holu, BIS 71AH B4 7
& Zo] A gkol AP A S8 AL HA] R FEL
Z FaeE),

Figure 5= & nylon669t 7F-24] S/l e F 65
o] Al gk TGA 43S YR Zloltt. w8l &=(Ty)=
FA &) 5% HAJS WE AT PO =, 54 nylon
o] 739 388°Ce] YEs| LE= Ho|w 102N, 12INS 7}
S 739 ZH7} 394, 395 °CE JERte™, BISE H7H 745
390°Ce] EE3 2=E Btk EA T/ 7HEERAE A
£ A Al &% Sk A4S ¢ 4 e, o
= 7F871717] mpEks A A EAS A=
810 Agsh= o= M=, BISY 75 o U
29 gisl] 2x9F A9 FUst BISY H77F A
o IS HIXA F= AR FRI=Ynt B3 500 °C ©]
FollFE Hel 9 H7HI7E H7EEA] ek 55 nylon66 T
H] U 266/CNT/CB/Ni-CF 534 7 g7 "2 (CB,
CNT, CF 5)9] #7I= tlzfF 28%2] #7E g2 Yep
Atk

713=N gakd L} E66/CNT/CB/NI-CF S&tdle] 2
. Figure 6 &§5 5 7P & 71AE ¥l 2,2,6,6-
tetramethyl-4-piperidinyl(BIS) 7} 4] & U 266/
CNT/CB/Ni-CF &3 9] A &2 vepd 7o)t} BISY]
shgko] 3 wtlZHAlE 1~2 emE H|S28E 3HS Holuk 4 wi%
olde] staFd Ag- AT Fhol FHM skt ol
£ A ol #d) goz ols) xHEA 0] Hojx wHe)
Aol AJssle 0= dSuEH, BISO| s A4 Al a7
=Jojof i}, Figure 72 BIS 713A] $ebd U2AE66/CNT/
CB/Ni-CF £-34]¢] F31(frequency)dl] e EAHEE 1)

Zan, 4427 A35, 201843

Surface resistivity [(cm]

BIS-1 BIS-2 BIS-3 BIS-4
Different content of processing aid

Figure 6. Surface resistivity of nylon66/carbon filler composite
with content of processing aid added.
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Figure 7. Complex viscosity of nylon66/carbon filler composite
with content of processing aid added.
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o olald 2] BISE 2419 ¥Wd 585 54 3
A7) Row deA glom e geol Frkd A9 X
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A8 Al FAE TAAZ F dte AFASE RIS,
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Table 3. Physical Properties of Nylon66/Carbon Filler Composite
with Content of BIS Added
*Compression molding

Sample Tensile Flexural Flexural
name strength strength modulus
(PA66) (MPa) (MPa) (GPa)
BIS-1 29.9 48.2 2.78
BIS-2 34.5 61.4 4.07
BIS-3 23.7 46.0 2.55
BIS-4 14.8 31.5 2.52

o]Fe] gtaFol H7HE 739 HA
7180 YA, W L]d5A o] AstES
Figure 9= 7F&-3A4] 38 WU E66/CNT/CB/Ni-CF £
A 0] &85 EXTE UERH 23z elt}. BIS 3 wt%7HA]
= 7FEA FeFol TUH uet 885 8AT wel A
TS HOlANE 4 wt% ©)’de] 75 2518 1 wi%Y Wl Hrh
@ 8§ EAT 3 Bolet ol BISS 584 /A
o) A= TS A 3wt )3k o] g7HF ¢l o
FS vRE Fo= IR 5 k. o] H)H B &

R = =2

=]

wo] YrjHow ge
se1ai9iey.

(a) BIS-1

SEM HV: 10.0 kV WD: 9.37 mm
SEM MAG: 150 x Det: SE 500 pm
Date(m/dly): 08/03/17 knu

(c) BIS-3

SEM HV: 10.0 kV WD: 9.39 mm
SEM MAG: 150 x Det: SE 500 pm
Date(m/dly): 08/03/17 knu

MIRA3 TESCAN  SEM HV: 10.0 kV

‘ )
J MIRA3 TESCAN SEM HV: 10.0 kV

94 - 193 483

20
T
T 151
E
o
= T
8
X T
3 101
£
2
o
=
5
= 51
0 : : - .
BIS-1 BIS-2 BIS-3 BIS-4

Content of processing aid

Figure 9. Melt flow index of nylon66/carbon filler composite with
content of processing aid added.

/\xh: u) _9_0 ] 1;].]5]. é‘,,]—é _]_g:]a‘l- mﬂ BIS-/] tﬂ—ako]

2 wt% 71 %@zﬂﬂ Aot gFo = SRl
Figure 102 BIS % 2 wt%=Z A4 31aL, Ni-CFe] o]
& B8Ae] Azt A dss ERls] 28 AETIE

(b) BIS:2

WD: 9.79 mm
SEM MAG: 150 x Det: SE

Date(m/dly): 08/03/17 knu

(d) BIS-4

WD: 9.02 mm
SEM MAG: 150 x Det: SE

Date(m/dly): 08/03/17 Kknu

Figure 8. SEM images of nylon66/carbon filler composite with content of processing aid added.
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Figure 10. EMI shielding effectiveness of nylon66/carbon filler
composites for the specimen fabricated by main feeder.
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