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Abstract Polypropylene(PP)/multiwalled carbon nanotubes(MWCNT) nanocomposites
films and PP/poly(vinyl alcohol)/CNT nanocomposites films were prepared through melt
mixing method by the extruder. The PP/CNT nanocomposites films, which contain CNT of

a variable content, were prepared for the first time and research on a appropriate content
of the CNT on the PP/CNT nanocomposites films was conducted. The effects of take-up
speed of the extruder on the mechanical and chemical properties of the PP/CNT and
PP/PVA/CNT nanocomposites film were studied. Field emission scanning electron micro-
scope(FE-SEM) was used to examine the surface morphology and the DSC measurement
and tensile test were conducted. It was found that the properties decreased when take-
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up speed was increased.

nanocomposites films

Keywords polypropylene, multiwalled carbon nanotube, melt mixing method, extruder,
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A =4 F 7P =2 dolth. ONT AHA| 9] 242 A A PVAS] 4=, WEAd, 3hsha] A 2 7] A A<
w7HA] S 24 Foll 7P S 7 1AE B W s HIAZ 4 QIopio2 29 ERE PP/CNT Ui
BTk eejA] Qlop | 12|l CNT& 71414, 24 E3A 0 PVAZE H7HE 75, 2AME PP #AAFE©|
570] mjg- Solste] thefet 49 AR E &-& TA] A A =2 WA 8k PP £ AARETE 28-S 34
Hi Qo eE5Y 9 24 A= U REE X A7l 92 st =214 - 94 Addol dd A
A 24 2@kl A7, 7AA 0] $-4% B0 7 dAdHETt, o3t Ee]4 A3E Scheme 1
AEA e B RmE A X517 A3 A7F e of vrebu it
YL AL QIeps10 o] PA A2 YeEd = 5 = 04?'01]*1L 7I1AA - 3ketA o7 Hojd S
Aoz 7144 EA4(Young s modulus, Tensile HolL Ppof| A5A ABEEHN G54 A 9 glekz
strength)©] wj-g- 9-4=3}1L 3}5h4 0 = QHgsirt= 4 2% B4 Px]ﬂ A= PVASLCNT &1 H5o=
e 2=t Axomn 24 54 9 oeh2] Qg Aol thsto
E3A 5o A2 o g2 34 53R (Polymeriza— AESIA ok, 94 PP Bk CNTE Z+7)

ARANS|
tion method), &% (Solution mixing method), & wt.%, 3 wt.%, 5 wt. %= E35to] HAstE 24
& (Melt mixing method) 2.2 37 37}A &2 & ZAVEFA T, el 2 AL vg o 2 PP/ONTS

32 9l=g 499 = Aued Hhe e Ao PP/PVA/CNTA e 252 424718 &

29| Fejof AEA A E S5/t H oA Edste A of Az, =43P 719 AFE=(take—up

o g 7|E9 A A E A=} s dshA W speed)& % ﬂ A SN A FA - 71A A 54 vl

H 2] 94 (Vanbery mixer), &7, 293 22 7t £ 233},

& AR E o] & = 7| Wizl AU A S Sl A 7t

b A o g & 4 Qlrk, AR Uk Abo] = 2. 4 o

o] Fojot Hwrt =2 AEAL S5A 9 36| W

o & A4S 7Idistr] = Aol o7t & 2.1 YEHY|

A s dstr] flste] 715 e ef LAl 2] A 2 AFoA = Ee o] &3 LA AR H Hlea

o] 9] X3t & ol vt EIAE AL, A o] v ek =k AL ARE-E A2 twin screw ex—

TV 5 del mEA =] WA, AR 2 H st truder(Thermo Scientific, CTW 100)°] % Wire

of T3t o117} Suts| A E 1 Qlrhi-ie) coating take—off dieg AZ3tH &85 1LEATL
PVA= 849 EYsto| =5 A] L&A (polyhy - U wA FAHEYE Fo 247 ZEFHE whEof

droxy polymer)2 & A X7} §o|staL, A4} @ A 4= St} E3F S} olE 245k HE FAE 2

Scheme 1. Mechanism in the PP/PVA/CNT nanocomposites (a : PP/CNT, b : PP/PVA/CNT, (): PVA, mm: PP~ : CNT)

S0 A1 712 513] 3] A 987 A 25



rubber rollers
|~ polished and liquid temperature-
controlled steel rollers
Figure 1. Mimetic diagram and photograph of extruder.
A4 glon] A7 BASEE 0-10m/min 2.3 LE-EETHe| 4 BA
o] w$lolt, PP/CNT bHu%@XH BEL AT o Tarfes
Aol 2zt AFRES U Asi, ARG
2. 2 L2381 M= S 471 wt. %, 3wt. %, 5 wt. %= DAt B4 B
e = et o A Ak, dufEl o A st 2o 2 A5ty AFEERE A2
%—. ‘?:‘r/\ U= E2 (MWCNT)? CM-100, CM—-250 PP/CNT Y= E3H4) —”%ﬂ]r PP/PVA/CNT Y= &3}
< AHESHAL PVAE S %(Pn)7E 17000 H] 43} A L5 =4 #49 B, AxT e E5gA 25
Z(DS) 99.9%9%] DC Chemicalol A A4 &2 5 A O 24& EATCEZN FENY TSt aA 7} uf
|okoitt, 12a Y B3 52 vhe7] fleiA] AL P A= s BT AlE S BT 2N HFHE
E2HPP, PVA) 52 9 Pulverizerg AME-3F gtALt Lo mE BRAU AR 9] vi ek A& A5
e eb 23S Hdyskict U531 2589 84 242 g A-AIE AlH
FER Buko 7] A E*J (Dry powder pul- & ASTM D638¢]l whet 5704 Al 238+ 0H | Figure
verization)< ©]-&3}¢] Ule 453 &% 20| UEFH Universal and special testing ma-—
owm TP fE7|Y AAR % RPM)+= 1282 A chine(SHIMAZDU, AG 250kNX)E o]-&3}o] 213
gkt EIvi=
Extruded direction
Extruded film
\
Specimen for tensile test Specimen for tensile test

in extruded direction in transverse direction

Figure 2. Tensile test and mimetic diagram.
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PP/CNT, PP/PVA/CNT Wi E3A] HE2| &
o}A 54& WEst] sl =4 AA @) H (FE-
SEM)o] AR&-E|¢lth, 212|321 PP/CNT9} PP/PVA/CNT
B3] 44 B4 sty flsto] AlakaAL HEF
EA7](DSC; Perkin Elmer, DSC-4000)& %35}¢]
ZALE T}

DSC+= 60~200C 2] &%= HflolA 5C/min® &
T8 A 26k SAst o, Yl g3 59
AARstw= Al(Dol| 93l =&shgict.

Crystalline fraction = mec/miotal ==+==sssreeeeeee 1

Crystalline fraction X 100=%crystallinity

where
me : Weight of polymer crystalline region

meotal - Weight of sample
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Tensile Modulus (GPa)

T T T
Pure PP PP/CM-100(1 wt. %)  PP/CM-100(3 wt. %)  PP/CM-100(5 wt. %)

Figure 3. Tensile modulus of PP/CNT nanocompos—
ites films with different content of CNT(CM—100).

Ultimate Strength (MPa)
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Pure PP PP/CM-100(1 wt. %)  PP/CM-100(3 wt. %)  PP/CM-100(5 wt. %)

Figure 4. Ultimate strength of PP/CNT nanocom-—
posites films with different content of CNT(CM—100).
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Figure 5. Elongation of PP/CNT nanocomposites
films with different content of CNT(CM—100).
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Figure 6. SEM image of PP/CNT and PP/PVA/CNT(a: CNT 1 wt.%, b: CNT 3 wt.%, c: 5 wt.%, d: PP/PVA/CNT).
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Tensile Modulus (GPa)

o k)
300CoAA A 37 A, FRHAIY & A 522 Figure 7. Changes of tensile modulus for vertically
HLE5lo] 92} 29 Ao A 7S AL-5)4Tt. extruded nanocomposite films with take—up speed
PP/CNTS} PP/PVA/CNT e Bata) Bgg ujm  (10%, 20%, 30%, 40%, 90%).
shole o, PVAZL B34 WEol H7he A$ 94
4ol ZrjElol A4stEst SutekE B4E B,

T3 HHE =T S E A5 WolR= 2
5 Yety ol ol &= 57 5]
PP/PVA/CNT Ui EB3HA)] "Eotof Ui A7) 2+ 9] 7}2)
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Ultimate Strength (MPa)
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3.4 L=l E2|1M EY
Shabie 2 2 745HE PP/CNTSH PP/PVA/CNT ae _ -
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DI

of| Al YEF St Figure 8. Changes of ultimate strength for vertically
Figures 7-9+ Yx=23A 259 B4 &4 7 extruded nanocomposite films with take—up speed
33 o T2 o] ok&upsko] ofy LA HFEEo 2 A HS (10%, 20%, 30%, 40%, 90%).

Table 1. Crystallinity of the PP/CM-100, PP/CM-250, PP/PVA/CM-100, PP/PVA/CM—-250

% Crystallinity

Take-up speed

PP / CM-100 PP / CM-250 PP/PVA/CM-100 PP/PVA/CM-250
10 % take—up speed 25.89 26.13 26.42 29.02
40 % take—up speed 22.43 23.54 25.01 27.30
90 % take—up speed 18.32 22.12 23.76 25.54
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Elongation (%)

PP/CM-100 PP/CM-250 PP/PVA/CM-100

PP/PVA/CM-250

Figure 9. Changes of elongation for vertically ex—
truded nanocomposite films with take—up speed
(10%, 20%, 30%, 40%, 90%).
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Figure 11. Changes of ultimate strength for parallel
extruded nanocomposite films with take—up speed
(10%, 20%, 30%, 40%, 90%).
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Figure 10. Changes of tensile modulus for parallel
extruded nanocomposite films with take—up speed
(10%, 20%, 30%, 40%, 90%).
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truded nanocomposite films with take—up speed
(10%, 20%, 30%, 40%, 90%).
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