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Abstract: A nylon 6/carbon filler composite mixed with nylon 6 and carbon filler was manufactured using a masterbatch
(MB), and the influence of MB on surface resistance and tensile properties was examined. Carbon black (CB), carbon
nanotubes (CNT), and graphene nanoplates (GNP) were used as carbon fillers. The thermal properties of the nylon 6/carbon
filler composite were measured using differential scanning calorimetry (DSC), and the crystallization temperature showed
a large increase, but the melting temperature did not show a significant change. The results of crystal structure analysis by X-
ray diffraction (XRD) showed that the a-type crystal structure was dominant in the case of nylon 6/carbon filler composite.
The power law index (n) and phase angle of the nylon 6/carbon filler composite to which MB was applied decreased,
and this can be explained as indirect evidence that the dispersibility of the carbon filler is improved when MB is applied.

Keywords: nylon 6, graphene nanoplate, master batch, rheological properties, crysatl structure.
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o] ARE Al SHe] EAIE FEE 4 9lor, vlEf]Y] &
& oM TAE 5= = AR o8t [dApr)7]e] ozt
T 52 I 7ksAdo] 7] wiEel AMgshe Aol digh
A e W2 o] A 2 a9E Fo g g
7F Uk oA e v ] Al A S R
Ao 7 Jepd thek 10%-10* Q/0 MR 2okt 5 9l
ol 9k9-%] O ARSEE 24 T CPPe] A A5 e 4
g} e Fitol 8= s g dAEAe] 8
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ool W& A7 R =L ok g4 7|NE el 5
< (graphite), ~22}} ¥ (graphene), B4 F=5+E (carbon nanotube,
CNT), ©F4&/d f(carbon fiber, CF), 7}+E-2](carbon black,
CB), *87% =% (expanded graphite, EG) 5°| 31o™, °|&&
FAAE ARSSE EA A7 X E o] grhe v gy &
CNTe} 7HEE8 S 2740 54 o= I8l CNT} CBE &%
AREA] CBo] CNTALeolol] the] o8hs sto] 7|5 o= 4
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ME. 2 Aol AH8-E YAE 6(polyamide 6, PA6)y= 3L
2 Zegrle) AA7E 81.4 Mpa, 7 220 C, 2%
1140 kg/m*?] KN111 gradeS AM-3IAL T et
B (multi walled carbon nano tube, MWCNT)= CNTA[] %]
7 10-40 nm, Z°] 1-25 um, =% 93%31 CTUBE 1002 Af
23190 FHEE-3 (carbon black, CB)2 thermo scientific
ARe] WU 1,95 gfem’, HUAELZ] 0.042 micronS! acetylene,
50% compressed, 99.9%% AM&-3Ith 2 =ZH ol E
(graphene nano plate, GNP)= TIMESNANOAFS] E = 0.6
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2 Z57o) ug} o]&UE7](twin extruder, HF-EH|ZA} A-19,
L=760 mm, D=19 mm, L/D=40, Korea)E °]-&3}] 250/
260/280/280/280/ 270 C, 70 rpm X0 7|&e] A4
Frzatolt 3370 ©ade] F % 10 parts per hundred
resin (phr) (Z} 3.3 phn= A8l UAE 6ktaTe] EJAIE
A Z3ATH ATy MB AZol| = 5U3 & 248 AL
sow, dejo] g 20 phr2 A3 ARSI &
S| AxA 35RF Y BF 9 pHE AREE 79 ALL PW,
5% MB F89] 749 ALL MB, 157 MB2| 7% MBI, F+
ST ZHE 27 MB 28 A MB2, F+ T/ ZElE &6l
MBZ 2§ Al MB2*& F23te] A5

24 ¥ 8 UJE ofady ERAS S T
A8 7](Qmesys QM100T, Korea)E ©]-&3le] =731t}
AR C] 79 1 mm 79| dog-boneFE} 2] YFA|HOE
cross head speed 5 mm/min® =2 A3}t TAALS ®
WA =471 surface resist meter(Desco, 16-1577-ND, USA)E
olg3te] 23 g AEE oln|= HFESOl S8 7MEzE AR ¢
=8 M-S 4-point probe= 10-158] A= S5t 24
EAS Il 213l differential scanning calorimetry(DSC, TA
instrument, Q20, USA)$} thermo gravimetric analysis(TGA, TA
instumentA}, TGA Q50, USAYE o831t} 24 7% 31S
138 X-ray diffraction(XRD, RigakuAl MiniFlex600, JP)E
o]83}0] CuKa(radiation with 1=0.15406 nm)2-Z 20 10-90°,
59/min 27102 SAsIltt. BRAle] SIS St
7) $lal 47 o 25 mme] AFW Felel YFAHS FA%
13} 24717](Anton paar MCR301, Austria)s o851 280 C
oA 1.3 mm gap 73] parallet plate, 3= 1-100 Hz *3$]ol]
A S5, MY (strain) strain sweepd I ¥ A
o] fAHE 25% 25t FHeAT. FAIAA v
(Tescan VEGA3, scanning eletron microscope, SEM, Ceskd
republikay> 1A § TPt He] AAFHS 8 AW S}
o, 71715 20 kVOR FAST. Bl SEAFE ©
Adaetel 8844 54 71(Coad. 1001, Korea)S ©]-8-5}o]
300 C, 2.16 kg 271l Z7g3Hdh.
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Table 1. Tensile Strength, Modulus, and Surface Resistivity of
Nylon 6/Carbon Filler Composites

Tensile strength/ Surface resistivity

Sample modulus (MPa) (Q/o) % 10°
All PW 19/1,302 25.70
All MB 52/2,060 37.96
CNT-MBI 39/1,231 1633
CB-MBI 42/1,79 825
GNP-MBI 54/1,859 272
CNT-CB-MB2 422,191 10.63
CNT-GNP-MB2 37/121 8.82
CB-GNP-MB2 53/2,118 12.59
CNT/CB-MB2* 321,171 420
CNT/GNP-MB2* 26/2,048 462
CB/GNP-MB2* 20/1,309 2.99
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Figure 1. SEM images for the composite with (left) or without (right) GNP MB.
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Figure 2. Real-imaginary viscosity plot for nylon 6/carbon filler
composites.
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Figure 3. Van Gurp-Palmen plot for nylon 6/carbon filler compos-
ites.
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Figure 4. Complex viscosities of nylon 6/carbon filler composites
as a function of frequency.

Table 2. Complex Viscosity and Power Law Index of Nylon 6/
Carbon Filler Composites

Complex viscosity =~ Power law index

Sample (Pa-s) at 1 Hz (n)
PAG 184 0.92
ALL PW 5180 0.18
GNP-MBI 12900 0.05
CB/GNP-MB2 9330 0.07

thinning effect)’} S7sle] 2 Fuk= oA e] BAHE
S7HEE AiF o= A Uit AR Al 7R 2400
= 2 st 9lg oz Addd wads & e

E AFHE AL gho] ALL PWEY MB7F 485 7%
W 3 B glom, o] ey o] ko] jAE
o] B35 do] 8] widE A= s dr.

MRS S7h= F71E9] Hrtel mE v 54 &=
7holl oJal fFE Ao FetE o] ShlA] Aws v 54
of thgh F7HAl F4S flall A7 ed & (storage modulus,
G} =248 E(loss modulus, G"yS =2]3}51] Figure 5]
YERATE. G-G' plotollA] A3 #4723 739 718717} 241
sk Ao 2 dHA o, YU E 60] ool ald== 3t
S HAFA ok B4 Hejo] o] Ao 2 s 7]
27| T Fo] AX = AR 7|E AT AFelA] 1A
30 R ATE fARE A3 VERSTE U E 6k
B oA 25F 99 (ALL PW)ETth= GNP’} MBE %
| AlH9] 7187] At o 3A vEE e ole 4
of gt 7121 1 A= AWE 4 ok
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DSC &4 Z#E Figure 60l VERHSITE. A28} A=k
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108
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Figure 5. G"-G' plot for nylon 6/carbon filler composites.
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Figure 6. (a) DSC cooling; (b) heating curves of nylon 6/carbon
filler composites.
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Table 3. Crystalline Temperature (7;), Melting Temperature
(Tw) and Enthalpy of Nylon 6/Carbon Filler Composites

T. (C) . AH,,

sample T om0
PA6 178.7 220.4 58.2

All PW 191.9 205.1 220.5 88.7

All MB 195.7 207.8 220.2 103.9
CNT-MB1 196 207.4 220.2 88.3
CB-MBI1 195.1 208.1 220.1 90.7
GNP-MBI1 194.9 208.4 221.2 88.4
CNT-CB-MB2 195.2 207.6 221.1 92.0
CNT-GNP-MB2 195.3 205.7 2204 93.5
CB-GNP-MB2 195.3 205.6 220.1 95.2
CNT/CB-MB2* 192.1 204.9 219.6 80.7
CNT/GNP-MB2* 195.3 206.7 219.9 80.4
CB/GNP-MB2* 192.4 202.9 220 93.8

&3ir7] Ao g ddEnh 019‘r e AR slwol gt
Hahs AR Al Wzh 24 Al T25] wlae] 2
A3t Asel gk F7HA1 £4 0] B g aitt
eagefe] Hrle] mE UyAdE emtady 53] 24
JeE glst7] flal XRDE Z7938H1 L, Figure 79 UHe}
WATH JLE 69 AR ofn=r] 71 Aol o) A
HH“—*.C’W BYHA vl = o 243 FYPsHA uidsl=
Q Aol AUt y& AAL ow| =] WA wEal7] 9
X]ZUHZZ(ZIgZﬂg)‘EﬂJJr YU Ho] i FAlE o 2
AR 27 o154 Huh. o y3 A S48 Y
Tof whet gy, XA ﬁ%ﬁ-"% A9 o8 AHL 20=24°
9 20°0A e, 48 AA2 20= 21°«] 39 aE
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3L UAARE, B A = Y AR «43—7P AERE RS &
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p
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Figure 7. X-ray diffraction of nylon 6 and nylon 6/EG composites.
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Figure 8. TGA thermograms of nylon 6/carbon filler composites.

Table 4. Decomposition Temperature (7;) of Nylon 6/Carbon Filler
Composite

Sample L (©)
Td at 5% weight loss Td at 10% weight loss
PA6 407 430
GNP(MB) 413 435
CB, GNP(MB) 409 436
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Figure 8= Y& 67+ GNP7} MBE 28 2%9] B3
(GNP-MB13} CB-GNP-MB2)¢] TGA 41< Lpebdl Zo|t}.
UAE 6} B3HAe] EallAGN= & 2ot gle Aoz &
ol o, HES2EE Table 49 Lokl F A
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GNP/} MBE A439 o 713 43 EXS e}
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