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Abstract: Polypropylene (PP)/functionalized multiwalled carbon nanotube (F—MWNT) nanocomposites
were prepared by using solution intercalation method with different F-MWNT loads. The PP composite
films, which contain dodecanol-MWNT (DDO—MWNT) or dodecylamine—MWNT (DDA-MWNT) as
reinforcing additive, were evaluated by thermomechanical properties, morphology, electrical conductivity
and gas permeability. The images from electron microscopy (SEM and TEM) showed that F-MWNT's
were homogeneously dispersed in PP matrix, while they were agglomerated in some other part. The
addition of F-MWNT could improve thermomechanical properties of the films. The maximum enhance—
ment was observed at 2 wt% F—MWNT. DDO—MWNT was more effective than DDA—MWNT for both
tensile modulus and optical transparency of the films
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Scheme 1. Synthetic routes for functionalized—MWNT.
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Figure 1. Structures of functionalized—MWNTs: (a) DDO—
MWNT; (b) DDA—MWNT.
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Figure 2. Raman spectra of pristine MWNT, MWNT—-COOH,
and F—MWNTs.

R Lhe e A5 54 AT 335

[RE o]t MWNTe Rkt 715713k f7154S At
273 5= Qlof”” B Aol elke: o] gaigit) w5 MWNT 9}
MWNT-COOH % F-MWNT (DDO-MWNT, DDA—-MWNT)
9] 2Rt AE Figure 20l YERNITE Figure 201 D band (defect
or disorder mode) 2} G band(graphite or tangential mode) &
Z¥7} ®9ck D band®] - A% Bk, 9 FYF2) gkl s
olF 3 T3t YIS Wol 7121.2] A7 (intensity) 7+ HEHA]
=, MWNT—-COOHS} F-MWNT&] 790l <=5 MWNT9| H]
A kst A|719] 935 HolFar glom, 7t 939 A7) 25y
3RS ok 4= 9tk o] RS MWNTE] sp” 727} AL A #gelA
MWNTEC] o] s]5]o] defects?} FA% T 71 A sp’e] T
Z2 WaES-s vepdtk® 183, 713 AelE $ DDO-
MWNT, DDA-MWNTZE] Z-9-olli= f7138} el 23] ol5 Agt
T2} S whesh 97 ]| oJs| 9|0 7)) sk low
AZ}E)o ATk G band?] Z-9-ol% WH-¥ MWNTe] wlel 51719} A
717} O 935 48§ Stk o] ANER n|Fo] 2 535S
B3 MWNTel 5718 A7t J9e-2 g1e 5= gglek ™

BEEZX|. PP 534 F5<] g 54 2 F-MWNTE] &0
w2 ARl BAREE Yolrr] f8le] SEM¥ TEM A#E 22
3F3ltk DDO-MWNT §Hgol] whe v i533859] SEM ARS
Figure 3l LERAITE DE el DDO-MWNT2] =)o) Z71et
T MWNTE] oJo] 313} Wokzls: &R13t 4= IIck DDO-MWNT
0.5 wt% (Figure 3(b)) & F7kste] 534 55 7Hsisks vl
AEL ¢k 50~100 nm 715 Ko, HIE 2ER Baii o 1
WAF el a1 Ak} ISS & SIAINE DDO-MWNTZ}
2.0 wt%= F7FF MWNTS B3z 271+ 44 S7ksksich
(Figure 3(d). AAZ DDO-MWNTE] ¢¥o] 2.0 wt% H7}=H
PP 42] DDO-MWNT%= ¢k 100 nme| I7)& Z7Fsk=d], o]=
DDO-MWNT7} Wolxir] Mz 53 MWNTS] 2742 =717}
AXAl At DDO-MWNTE] o] 3.0 wt%olx= At vlel|A]
T=2A) 2 BAER] Eaha ko] MWNTZF A2 $4she 5440
2 &l 270l oF 150 nm7HA] 24| T7Feh= Zhs 2RIgE 4= 319l
HFigure 3(e)) .22

DDA-MWNT?®] 7ol W& BF2] SEMe 57438t A7 94
Figure 40l YeRHItE DDA-MWNTS] 750l = DDO-MWNT
o} rRRR 27 2.0 wt% 7= PP djel] ik ks o] Q)
O Figure 4(d)), 3.0 wt%PIHERE MWNTS F57F S7Fe
= Ha; 2Ao] AWM THE= A4S YeEhA EEd (Figure
4(e)) ol9} o] T A= oANE HAHE 44, 7144 A
of WAist J3e 7|X)A ek

DDO-MWNT 7}l 2J3k vhtdka2e] wr} gelkst Hakig
< golrr] 98 DDO-MWNT7} 2 wt% Z3Fe PP 23t 2=
°] TEM Z#}E Figure 5ol eIt DDO-MWNTZF Y 2
ElE PP Ulol] U= ko] oles £ 4 Silon), st AR
(Figure 5(b))& B &3] wlg]E)®] k35 E1g 4=l
3k DDA-MWNTE] -5 Figure 69 221 72127 PP A5
© A BAEQANE s veE HEE EAR] s B S
ek
QX ME. Table 10 F-MWNTE o]&3F PP EdAao] 44

30 7

Polymer (Korea), Vol. 33, No. 4, 2009



336 ke R b B A

KUMOH 5 0 00nm Wi m NONE

(d) (e)

000 100nm WD 10.1mm

150K/ X50,000 100nm WD 10.0mm

(d) (e)
Figure 4. SEM photographs of PP hybrid films containing (a) O (pure PP); (b) 0.5; (¢) 1.0; (d) 2.0; (&) 3.0 wt% of DDA—MWNT.
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Figure 5. TEM photographs of PP hybrid films containing 2
wt% of DDO—MWNT.

Figure 6. TEM photographs of PP hybrid films containing 2 wt%
of DDA—MWNT.

Table 1. Thermal Properties of F-MWNTs/PP Hybrid Films

DDO-MWNT DDA-MWNT
F (\I;AWZI;IT T, o T w™® T, T T ™
© © © W © © © W
O(pure PP) -23 151 298 0 -23 151 298 0
05 -24 154 304 0 -23 155 322 1
1.0 -24 156 337 1 -23 155 338 1
2.0 -24 158 352 2 =22 157 369 2
3.0 -23 157 314 3 -22 156 345 3

“At a 2.0% initial weight—loss temperature. “Weight percent of residue
at 500 C.

MWNT®] 2J8] & %} &7} (nsulation effect) 2 & o] x|oig]
7] wjio)7) % kP DDO-MWNTE] 74-9-9} nixb7 A2 DDA—
MWNTS] 557} 2 wt%old Hugks ®olek Teuh A= oke +
F-MWNTY] 5571 25 3.0 wt%7} A7H9e v o ot =
7VelA] B8ha Age 7h,2 BT o] AnERE 2.0 wt% ] F-
MWNT7} A 505 & &= 3tk

53 2F2] TGA ZHE A Table 1o YeRIITE DDO—
MWNTS] 557} 004 2.0 wt%® 27852 27) Rl (Th)
298 Celr] 352 CE Igshl Sk AS & 4= 3USiet o)A
& DDO-MWNT7} 2.0 wt%7F= viER] A aizpel] 2 ko]
AR Gl A, sAll Z1AR FdEE ARl 5
o] mEow Awge = ok e 3.0 wt% oPde] FER
Z7¥ePd MWNTE 53 @Ako g Qlsle] Qe oA 37} et
A oo} 93] 7h 352 Celld] 314 C& 71451 ¥tk DDA
MWNT9] 74$-o|%= DDO-MWNT&} R A2 2.0 wtR 7] &
7FRE T 369 C2 7117} 3.0 wtolkds 2818 345 C
2 7adhe Avs vehla ok o] AnEiE 938 QAdEs
oPdeli= MWNTS B3os & w3l PSS 2318 A7
A & & 5 lglem, B8k o] A= olv] ThelME ERIg vt
ITk 500 ColA 71249 DolE S (™) 3k 57t 718t
of] whg} o7t Slsh= 3k Btk Figures 73 8l 5 £72 F—
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Figure 7. TGA thermograms of PP hybrid films with various
DDO—MWNT contents.
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Figure 8. TGA thermograms of PP hybrid films with various
DDA—-MWNT contents.
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MWNT] 57} 00llM 2.0 wta7H Sk 71414 84w 473
s S7Feelc. AAES] B 53 PP Fgo] 25 MPad] gk
S 7o 447} 2.0 wtE 557t 571kl ukel 30 MPai
FHd) ok 20% S7¥8I9EE 18y, DDO-MWNTS] 57} 71 o)
9] HEE FHEQS Aol 93]8 24 MPa® 7Hash= Adks
etk (Figure 9). DDA-MWNTE] Z$-ol% 2.0 wt%7H
E57}) Sk Q) 31 MParkA] F7keil ot 1 opie]
3.0 wt%olM= 938]7] 29 MPa7k| tha 7438KlthFigure 10).
olgfgt & ofn] koA AFEHUW ZAT FFe] MWNT7}
PP dlelM Mz g3 o= Qalo] Q=S 23]8 1Harlz]l A
O]E]—fw'“

Z7] @382 H9oln YT} vt Fes HojEh
3k PP BE9] A9oll= 1075 MPa9] #tellxd, DDO-MWNT$
EE7F 2.0 wt%7HA S7Fekel mEka] FHf 1445 MPa®l gk v
Epdit), o]31& PP FAREY 47719 71578l wiE s A
o] g1 FAto] & o]Foizl Hujolt), T3k =2 FIWE |

—

[¢]
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Figure 9. Effects of DDO—MWNT contents on the ultimate
strength and initial modulus of PP hybrid films.
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Figure 10. Effects of DDA-MWNT contents on the ultimate
strength and initial modulus of PP hybrid films.
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o] mie- £ MWNTYE PP dEol Hrlgowy IEe] B4
S JeRIITE w3 MWNTZF 9] =8 &8-S 7 Q)
on g B3k AES AFSIShE Aeel SIES P alE
3 JehA Btk (Figure 9). DDA-MWNTS] A-9-o%= oA
2.0 wt%7W Z7FPaA 1250 MPa2l 3k vehdick 12, 54
A7} A & oPde] HE Z-Follis MWNTYE M2 B3 3
gow Qs WIS AR HekAl = wEARel F-
MWNTZF Aldelxe] AgEo] kil A} 534 <] 27] &
E kel s sk H9lck gt DDA-MWNT= DDO—
MWNTHET} W& B85S HehiAl =30 o= DDA-MWNT
o EAK= o= Ao R A AR AE Tl SJsl A= %
At} ¥y DDO-MWNTS] 73$-Hr} 1] wigko] il Ase Azt
Hh(Figure 10).

A MWNT 372 & 240 Qlslo] Alsrb= %
Ao} 27) WdE B Eglon) RS obdelitE MWNT
7 AR BAA =t 2 9 efEE avE AAIAl A atAte)
o] AFES TaAZIA Ho] A= EAJo] Wolx|= AE Zes)
ﬁE]-fQ_AA

M7|® EA. Table 20 Uehdl PP B4 B&9] 1714 EA4S
2R DDO-MWNTE] 5571 3.0 wt%7H] S71819030l= &
TFakar 2x 1070023 E] 1107 %(S/em) 7K A7) AR Frol &
gato] 2 H3R= o] ety DDA-MWNT 9] 3.0 wt%7k
7 Z7kslolw 3x1070(S/em) 2 W3} QPSS & 5 Stk o
R A7) A9 FPds VR Sl a2t el MWNT
7} A2 percolation® 4= Q&5 o] WAL 22 H]E AR
MWNT FEME percolation®] 7Fsdle= 24} vjdS- 21$14
07 nH5o] Fojof gt} W Faol CNTY §%7} 2.0% o3}
A% $578 percolation @S HOIFQANEP ™ 2 oA A}
oM HEEA AR HeERe] At MiEYA Yol F F5e

Table 2. Electrical Conductivities of F-MWNTs/PP Hybrid Films

F-MWNT Electrical conductivity (S/cm)
(Wt%) DDO—MWNT DDA—MWNT
0 (pure PP) 2x1071° 2x10710
0.5 1x10710 3x1071°
1.0 1x10710 3x1071°
2.0 1x10710 3x1071°
3.0 1x1071° 3x1071°

Table 3. Gas Permeabilities of F-MWNTs/PP Hybrid Films

F-MWNT . DDO—MW\E ' DDA—MV\“NTa
oy m O ., Fin OTR o
thickness (um) (cc/lm™=day]) """ thickness(um) (c¢/lm’~day)) """
0(pure PP) 33 2588 1 33 2588 1
0.5 32 2038 0.79 32 1968 0.76
1.0 34 1809 0.70 36 1768 0.68
2.0 30 1237 0.48 38 1012 0.40
3.0 34 834 0.32 35 776 0.30

“Oxygen transmission rate. “Composite permeability/polymer permea—
bility (i.e., relative permeability rate).
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