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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 nanocomposties 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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CNTE 9715 mope] e AL Bao) 5 Uo] it &
axolch, Aolek 4B wl&ol 132,000,000:10]  AX HEE
o2t U RHE B A ol AR Ul PVAL BetH 02 o] st

<) .
A =4 F 7P =2 golth. ONT AHA| 9] 242 A A PVAY] 4=, WEAd, 3hsha] A 2 71 A A<
w7HA] A 24 Foll 7ME S 71AE B4 W HeE HIAZ 4 Qop2 2 ERE PP/CNT Ui
BTkl e A Qlop 12|l CNT& 71414, 24 E3A 0 PVAZE H7HE 5, 2AME PP #AAFE©|
570] mjg- Solste] thefet 49 AR E && A A A =2 WA 8k PP £ AR 28-S 34
Hi Qo eE5Y 9 24 A= U REE XL A7l 9d2 st =214 - 4 Addol dd A
A 24 2kl A7, 7AA 0] 9% B0 7 oAFHTt, oldt Ee]4 A3E Scheme 1
AEA e B RmE Ax517] A3 d47F e of vretu it
YL AL QU100 o] PA A 2H YieEd Y=o 5 = 04?'01]*1L 7I1AA - 3tetA o7 Hojd S
Ao 2= 7144 EA4(Young s modulus, Tensile HolL Ppof| A5LA AEEHN G54 HA 9 glekz
strength)©] wj-g- 9-4=5}1L 3}54 0 = QHgsirt= 4 2% B4 Px]ﬂ A= PVASLCNT &1 B5o=
e 2=t Axromn 24 54 9 3eh2] Qg Aol thsto
E3A 5o A2 o g2 34 535 (Polymeriza— AESIA oy, 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 & ZAVEFAT, el 2 AL big o 2 PP/ONTS}

3229l 499 = Aued Hhe e Ao PP/PVA/CNTA YB3 352 428718 &

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

o g 7|E9 A A & A=} S AdsHA W speed)E % ﬂ A SN A DA - 71AA 5 vl

H 2] 94 (Vanbery mixer), &7, 293 22 7t £ 33t

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

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

o] Fojot Jwrt =2 EAL S5A 9 36| W

o & A 7Idistr] = Aol of7et & 2.1 YEHY|

A s dstr] flste] 715 e ef LA} 4] A 2 AFoA = Ee o] & LA A H Ul a

o] 9] X3t & ol vt A EIAIE AHESEAL, A o] vk =t AL AR A2 twin screw ex—

T2V E djel mEA =] WA, FAZRAL 2 H st truder(Thermo Scientific, CTW 100)°] % Wire

of T3t o117} S| A E T Qlrhi-ie) coating take—off dieg AZ3tH §§H 1LEATL
PVAE= 7849 Egfsto| =5 A] L&A (polyhy - U wA FAHEYE Bo 247 ZEFHE whEof

droxy polymer)2 5 A X7} §o|staL, A4} @ A 4= St} E3 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)

SH2 o 1712 513] 7] A 987 A 25



rubber rollers
|~ polished and liquid temperature-
controlled steel rollers
Figure 1. Mimetic diagram and photograph of extruder.
A= 9lor, 4E4d¥ 719 34 %+ 0-10m/min 2.3 LI E8Ixe| EM BM
o] W elo|tt, PP/CNT b}i%f?m 452 A2 off ghavyie s
Aol Aot AHgE-ES A5 HeiA, AFEE

2.2 LI-=§R M= S 471 wt. %, 3wt. %, 5 wt. %= DAt B4 B

AU A7l = Ftap e El o A AL Tl E¢l o M-S Zlegeteict, 1 KX etE AFEEsE Alxd
29 A YeEH(MWCNT)S! CM-100, CM—-250 PP/CNT Y= E3HA) ﬂ%ﬂr PP/PVA/CNT U= E3}
< AHESE AL PVAE S8 %= (Pn)7t 17000] ™ B] -3} A 5o 24 249 A8, AxT YB3 25

=(DS) 99.9%%] DC Chemicalol|A] YA 2= AL o BAS BT RN LEQY] vha; e A7} Hj
Lkt 181 YB39k HES wE7] lelA 1L Fe AEE EASAT. A AT RN HHSE
#AHPP, PVA) 241 9 Pulverizerg AHS-3F B4t Eof whE Havle A of uijERt s E45H
oot a3k A3kl Ui B3 259 B4 B4 e AAIE AH

TEZ B 714 A EAJ (Dry powder pul- & ASTM D638¢]l whet 5704 Al =35+ 0w | Figure
verization)< ©]-&3}¢] Ule 458 4&E9% 20| UEFH Universal and special testing ma-—
o T ¢fE7|e AAF % RPM)E= 1282 A chine(SHIMAZDU, AG 250kNX)Z o|-&3}o] 23§
Aot =

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| &
ohA 54 WEst] sl =4 AA @) H (FE-
SEM)o| AR&-%|¢lth, 212|321 PP/CNT9} PP/PVA/CNT
B3] 94 B4 Wbty flsto] AlakaAL HEF
EA7](DSC; Perkin Elmer, DSC-4000)& %35}¢]
ZALE T

DSCi= 60~200C9] &%= HflolA 5C/ming &
T & A 26k SAsH o, Yl g3 59
AARstw= Al(Doll 93l =&t

Crystalline fraction = mc/miotal ===+==sssreeeeeee 1)

Crystalline fraction X 100=%crystallinity

where
me : Weight of polymer crystalline region

meotal - Weight of sample
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U B 259 S E 2 A=, 19 ¢
Al&& Ui Sl

B 28 A2 0 JEUTOR AW
ARt om AekRg o A olsti WHEE(10%)
4 7)ef 272 FYstA A5kt

Pure PP #E3} PP/CM-100 &4 I&
& of gravtead o) AgEEol 3 wt. %Y o, 7]
AA =40l 7Hd Skt ol H3A ZEol o

o

SHUAM davlesA 7t B

Ak LA o] QA . ol o] 5198
L ONTZH A2 B2l 4o 2 as hgis &
HA71A B3 Qg

3.2 LIc=8ixHe| HEfst™ EM
PP/CNT Y532 59| CNTY Frof &
&l BAE S dot 7] §J3to] SEME §oto] 54

e a7k ehel 4] A 28 A 2%

Figure 69 YeF ATt.
L5k " EQke] CNT

of ol xw mo} solg 4= 9I9ieF. ONTE) 5
Hwt 5, 3w w AL YA

<
©

=
©

b
3

<
=Y

05 4

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 L]
300CoAA A 37 A, FRHAIY & A 522 Figure 7. Changes of tensile modulus for vertically
HLE5Lo] 92} 29 Ao A 7S L85t 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 8ol H7he A$ 94
4ol ZrjElol A4stEst SrtekE 4SBT,

T3 ST SRS A5t Yol = 2
5 Yety ol ol A& 57 5]
PP/PVA/CNT U EB3HA)] FEotof Ui A7) ZF 9] 7}2)
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Ultimate Strength (MPa)
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3.4 L=l 22|1M EY
Shatbie 2 2 745HE PP/CNTSH PP/PVA/CNT ae _ -
]/]—},:E'_@-XH 1“:1;1“;—_94 %/\é Eﬂ,/_\__‘::-_ 7&]14_.% Figures 7-192 PP/CM-100 PP/CM-250 PP/PVA/CM-100 PP/PVA/CM-250

DI

of| Al YEb 3t Figure 8. Changes of ultimate strength for vertically
Figures 7-9+ Y234 259 B4 &4 % 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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