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Abstract: A polyamide(PA 6)/carbon filler composite using a carbon filler masterbatch (MB) was prepared and its melt-
ing and crystallization behaviors were examined. MB was applied for carbon black (CB) and graphene nanoplates (GNP),
and Avrami analysis was performed for the PA 6/carbon filler composite. As a result of Avrami index analysis, it was
confirmed that the crystal growth process changed from a sphere for PA 6 to a disc shape for the composite. The PA 6/
carbon filler composite showed two crystallization peaks, which were interpreted to be due to a new crystallization pro-
cess at the carbon filler interface rather than a change in crystal structure. The crystal size of the PA 6/carbon filler com-
posite to which MB was applied decreased and the time to reach the maximum relative crystallinity increased. This can

be explained because carbon filler affects crystallization kinetics when used as MB.
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=Zd|°|E (graphene nano plates, GNP), % =< (expanded
graphite, EG) 5°] $l.om, & A74dodA % PA 6/8H4-2 2]
E3Ae] A+E FYsHR e, CNT, CB ¥ GNP 5o] A}
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o] KN111 gradeE AHS-3FA thed €AV e FE (mult
walled carbon nanotube, MWCNT)+= CNTAHKorea)e] 27
10-40 nm, Z©] 1-25 ym®! CTUBE 1003 AH&-31952™ CB
= thermo scientificAHUSA)S] 2= 1.95 glem’, HH# U A7)
0.042 micron?] acetylene blackS A3t} 2el¥hi=Z|o]
E(graphene nano plate, GNP)= TIMESNANO AH(China)]
X 0.6 glem’, A5 2-16 um, 5=>90%3] TNIGNP1306225
A&t

SEA M= f MU mE AIEEE. PA 63 B
ej= 80 T 200 A 1247 o 7Axst &, de =F 2
Z 7ol wel o]&%=7](twin extruder, HH-E] LA} A-19,
L =760 mm, D=19 mm, L/D =40, Korea)& °]-8-3} 250/
260/280 /280/280/270 C, 70 rpm ZASNA Az}, B o
TAe] ZIAAK71H BRI e dFAHE Fx
slod® 3ERe] wadefol] thall ¥ §HF 10 parts per hundred
resin(phn)® A3l PA 6/84Ze] B2 A|z31tt. 3
% B39 ONT, CB, GNP2| 32 3.33 phrZ 535
2 gstoint. ©ade] vpAEuiA] Az Al Bl EY XA FA R
FYT PA 67 FY3 AE S ARSsIGleH, BE I3 Y
uRE] wiR] S 20 phr A|lZgE 5 FHgel] g 37ksto]
ETAE Axsiioh 58¢A Az Al MB Alx glo] 35F
o] 255 o] vhor R £Fste] ARERE 79 ALL
PW, 155 MB9| Z-¢- MBI, -+ 57 ZelE 242 MB 4§ Al
MB2, 7 &5 Z2l& £93le] MBE 4§ A] MB2*% T+
Stod FAISISATE Table 12 910 A3k Al 24S U
ERdl Aol

24 A £ sy B3] €4 542 AASARE
ZA(TA Instrument DSC Q20, differential scanning calorimetry,
DSC, USA)Z o]&3lo] 57k 10 T/min®-E 0-300 C
o] 2SR 1" 52 E W7hE AT & e
1352, 2 AT 7hS ARSI 52 A3t Aol
H 52 A 22 2702 14 52 & Yzhilol 524
71714 100 C/mino. 2 wheA] Y243k 5 S-24HE 302
7+ FAIGE Al S o] 8sle] HleR 213 FYs S
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Table 1. Crystallization Temperature (7;), Melting Temperature
(T) and Enthalpy of PA 6/carbon Filler Composites

I (°O)
sample T tow T hign 10 (Ajj/yg 8/123
PA 6 178.7 220.4 58.2 64.0
All PW 1919  205.1 220.5 88.7 52.5
GNP-MBI 1949 208.4 221.2 88.4 56.6
CB-GNP-MB2 1953  206.6 220.1 95.2 41.6
CB/GNP-MB2* 1914  201.9 220.0 93.8 50.0
CNT MB 1 196.0 207.4 220.2 61.2 594
CB MB 1 195.1 208.1 220.1 59.1 61.5
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Figure 1. DSC cooling: (a) and heating curves; (b) of PA 6/carbon

filler composites.
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Figure 2. X-ray diffraction of PA 6/carbon filler composites.
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FaER e gon, 7|E AAe} o] e©rady
Aol A o] AA el PA 6 VI E ] 2 (matrix) WA 2] A4
3} o] t=A =] WlEoz |4 4= Utk PA 6/
4y B0 F7HE golEE 20=26° FZoA 9
== (002), (004)0] =1 A7l gk afe] 314d 9=
7} Uehvs Ao g gRlE1om,® MB 44 of o &
EoHA o] ey FAMdel tigk ERls 98l dwe] A4
AA71E FA3IATE ©l= Scherrer 2] ©]83t] A& 4

o, 4 (Dol e

K
L= eos(@

21 (DA L AR} Fwol] 7231 wake] Ax=7]0]4,
p= B2 Al42l scherrer factorZ 0.9°1H, 1= XA 33
(CuKa=1.5406 A), 0= Bragg angle, k<= FWHM(full width
at half maximum)©.2 |3 Fole] Wk ghol] djgsl= W]
Z-5 om|gitt. Scherrer 22 ©|-8-3F PA 6/8H4 2] H3HA ¢

F AART2020°)° 27 2715 AXlste] Table 200 Lt
WAL}, =712 1]asha PA 6 o] BaA|e] A4=77E 7
Akt ole gAagdert B4 AR Zgate] o F
7¢ BobAl A% =717} H4sh7] wiielt). 3, MB7F &
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am olglgt A= MBE 53l i ol = o] A
Al EZE S7H17] WE o2 A o nt. g 9
g Bt A 282 AAstE SUHE TS AoE oS
=Hu PA 69 o]E £§ MEH (23015 7oz A3}
& AL A3 53A o] A8l (Table 2)7 & HOo=2
S7HHs #1E = AATh

g o] MB #8ol mE 283}t A5E FHCE
ZA3517] 918 Aviami 498 ]85t Avrami £4-2 I

M

Table 2. Summaries for Avrami index (n), Crystallization Time
(# and Crystallite Size of PA 6/Carbon Filler Composites

t Crystallinity Crystallite size

" (min) (%) (nm)

Nylon6 2.2 4.1 25.3 9.53

ALL PW 1.8 3.6 38.6 6.10

GNP MB 1.9 7.5 38.4 5.93

CB GNP MB2 1.9 7.8 413 5.20

CB GNP MB2* 1.9 4.1 40.8 5.82
CNT MB1 2.0 5.5 27.6 -
CB MBI 1.9 54 25.7 -
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Figure 3. Relative crystallinities of PA 6/carbon filler composites.
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Figure 4. TEM images for ALL PW (left) and CB GNP MB2 (right).
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Figure 5. Avrami analysis of PA 6/carbon filler composites.
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Figure 6. (a) DSC heating; (b) cooling curves after isothermal crys-
tallization of PA 6/carbon filler composites.
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Figure 7. X-ray diffraction of PA 6/carbon filler composites before
and after isothermal crystallization.
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