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ABSTRACT : MWNTs have been widely investigated due to unique properties of such as good electrical
conductivity and thermal stability in polymer composites industries. This paper established the procedure
to fabricate PMMA/MWNT composites by a modular intermeshing co-rotating twin screw extruder with
L/D ratio of 42. The electrical properties of PMMA/MWNT composites with different content of MWNT
have been investigated. A sheet resistance percolation was observed at 4 wt% of MWNT for the melt
processed composites. Sheet resistance of PMMA/MWNT composite film containing 4 wt% of MWNT
was nearby 10* Q/sq and this shows the possibility of potential application to EMI (Electronic Magnetic
Interference) shielding materials. The characteristics of composites were analyzed by TGA, DSC, and SEM.
In addition, MFI (Melt Flow Index) has been measured to analyze the rheological property.
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Figure 1. SEM image of the as-grown multi-walled
carbon nanotubes used in this study.

718 ol&ste AzE PMMA/MWNT E&A S 54 &4

Lo}

o)olm, H3 Aol7} 10~50 mo), BHE AR
1020 nmo|t}. Figure 1= £ AoA AREH
MWNT®] FE-SEMARICZ 4 v FHO &4
ol g ¥ €5 MWNTYS ¢ 5 ot

mHI
ml_o
k=]
OFO
o
e
=
=
=
=
=
=
=
Al
ng
-
&

pre-mixingS 33tk B 2¥ #HAHL T8 MWNT
9] bending, 2%, Y= FA 7+ HE 3 ZUP}
Ba e FrY 2713 44E wsAre wet
A F5A490 MWNTY AgS S7A1Zth ey
T8 (mixer, 20000 rpm)S ©]&-3te T A
MWNTS] ko] 2 wt% ©]4 2 73§ PMMAS
MWNT7} Egss #do] dastg o, 2 2+
S o)gsle] HEF Ay MWNT ol 10 wi%
o] F|o]E PMMAS} MWNTo| g &4 glo]
Az L3 EFDE AL FVY F Atk

3. ~37 =& (Screw Configuration)

B APoe g7 WA &83% E3A
5, WEEY 848 g 3] 98l Figure 201
Aot o] 3789 Ud t]A= ES(kneading disk
block) 23F ZFE AHESHATE B AFdA A
23 ~3F 2¥9 4% EH(hoppen)EF-E 302
mm, 598 mm, 2 914 mm A AN Az 120
mm, 60 mm, 123 mme Yg txz EFo] &
g A WA U9 Y=z 52 eUF U9 d
2 F(right-handed kneading disk, 45 mmx2), 5 ®3F

1 N ('w v
-3 "y rr o b e b X
e

Lerg®iom 10 W [ B VI TR R I 1 F [ T2 N L 1 s L |

Figure 2. 3-kneading disc blocks screw

PGP SE E

*321

P91 HL A

SH O BIRHBIKIETE

e} 1) LIS B IR S b

configuration used in this study.

Elastomer Vol. 42, No. 3, 2007



154 $Z4 A .
U™ tj2FA(neutral kneading disk, 20 mmx1), 1]
3 98k A=A F(left-handed screw, 10 mmx1)E
o)A Jor, F HA Uy txa EEL &

ek g o2 30 mmx1)9} ¥ W Uy
AG30 mmxDE o]FoiA o} piATeR A W
A YUY taz 2L 9 Jg 2345, 30,
30, 14 mmx1)} awsk Uy o) 2H(left-handed
kneading disk, 14 mmx1)2 T4 31t

4. PMMA/MWNT S| Mz

E 988 o]#3te Az PMMAMWNT &2

A& FTAHL F3317] Mol 80 T L&A 64
7¢ B¢ Azt F£EE AASHE B dTelA
M8 2E5g ARE SUEY A olF 4E7)
(Modular Intermeshing
Extruder)¥ LGAHE®H, BT-30-S2-421)14 A%}
g o] 30 mmolH, D7} 42%] $4&E7IE A
Gk gelX AFT 23F ZFE o8I
PMMA/MWNT E3H49] 548 ZARH] Al
MWNTSEES 0.1 wi%~6 wt%E  AR3Hom,
BZA 2 Az A3 AA AP VRl He
& 7}E ZAL Table 19] fokeidth a2l
7% ¢E 2704 2719 A £5F uprert
wUA AFS FYstant §F AT v 9
& vV AEC(CUSTOM SCIENTIFIC INSTRU-
MENTS, CS-133MMV-203)S ]88l MWNTE
o] 1 wt%lA 9 wt%Z7tA EEE PMMA/MWNT
23 Azsidch

tio

RRA

S

Co-Rotating Twin Screw

Az FAHoz AHe] HH A E(sheet resistance)
& =337 985l @ gETI(Hot PressyE o]8-3}
o] 200 C, 2000 psi] FHLE 10x50x0.21 mm =

Table 1. Processing Conditions in Twin Screw Extruder

3 O
AES

71¢] AzsHch Az AEE Two-probe
Fejol 9 A =%7|(MEGOHMMETER, ACL
800, USA)Z 10™~10" Qsqe] &4 H$olA 53] o]
A 2% F 2 Pages BE AYS 7k

PMMA/MWNT E3He] |3 2E= TGA
(Thermal Gravity Analyzer, Q500)= ©]-8-3} 30
T~600 TS 25714 +& &8 £% 10TC=E
st Ax B9 A SAsAT 28
DSC(NETZSCH, DSC 200 F3 Maia)S ©] &3l &
F2TCE Ah BH7) SIA /A0l 25(Ty)9
HslE 23tk fugy 24 S4e 8% &
2 4= =R 7)(Tinus Olsen, Model 600)& A}-8-3}
gom, ASTM 12389 A3l 3.6 kg 3+ 3l
A% L= 230°CoA 8 B AFE 23}
¥l PMMAMWNT F#Hg ax AioA zpg
AZ) & SEM(JEOL, JSM-6380)% ©]-8-3} PMMA/
MWNT 234 9] gjedg a3t

o

o #z # ug

EA
k=4

1. MWNTSZ0| e &7| MzE

B AT AE MWNTE e e A7,
g3 2 fHsty E4L B8t WA Figure
30 UENG PMMA/MWNT E3Hd9] RHAE 2
B2 BH, MWNTS o] Z71E e mep 34
Ago] padte AFS Vel RE ¢ F A
t} A% A3 MWNTY o] 4 wind ® HZ
#) o) M(percolation)o] Lot T A Fre) 10° Q
/sqelA] 10° Qsqe.2 FA3] "olAe & EUE
& gith ols} e ARE ulEoR $EIIE 9
g3te] A¥L AAF A Figure 40419k 2ol
MWNT & 3 wi% 7HAE TAAS kol 443
Zr23 7 MWNT &3] 4 wi% 4 @ 10° Q/sq

oiX|
=21

. Screw speed Screw Feed rate o
Barrel temperature (C) (rpm) configuration (ke/hr) Load (%)
Extruder 1 2 3 4 5 Head Die 100 3-kneading
condition 100 160 200 200 200 200 200 200 block discs 10 70~80

dn2er 427 A3x:, 2007



°|% ¢4E71E ©1&3te] A2E PMMA/MWNT 5349 54 &4 155

10t

10" ik N —~ Mini-Max Molder
10° 4 ~.

10 R

107 A

10° \

105 \

10* I N

10° 4

Sheet resistance ( Q /sq)

T
i +

0 2 4 6 8 10
MWNT content(wt%o)

Figure 3. Sheet resistance vs. MWNT contents for the
PMMA/MWNT composites fabricated by mini-max
molder.
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Figure 4. Sheet resistance vs. MWNT contents for the
PMMA/MWNT composites fabricated by a modular
intermeshing co-rotating twin screw extruder.
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Figure 5. TGA plots for pure PMMA and PMMA/

MWNT composites under N, (Heating rate: 10°C/min,
screw speed : 100 rpm).

PABMA MWNTET &
PAMA RIWNT o8 1y

> irsc FAMMA MWNTO8
PANIA  MWNTG D

PURE FMMA
M~ . llosT
e A

=) B

B T e

= T 11087

= ~—

= T e

2 el loog

2 e

= e, 166 ¢

;3 ...........

Lol R et T L P OO

jos

e Al Rl T
e 15 120 128 130

Temperature ( C)

Figure 6. DSC plots for pure PMMA and PMMA/
MWNT composites under N; (Heating rate: 2C/min,
screw speed : 100 rpm ).
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Figure 8. Melt flow index(MFI) of PMMA/MWNT
composites(screw speed: 100 rpm).
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