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Abstract

Multi-Walled Carbon Nanotubes (MWCNTs) were modified with epoxy and aminosilane diethanolamine (DEA), and
nanocomposites of poly(butylene adipate-co-terephthalate) (PBAT) and the modified MWCNTSs were prepared with the aim of
improving the physical properties of biodegradable PBAT. The physical and the therma properties of the PBAT/MWCNT
nanocomposites were investigated using various techniques. Fourier transform infrared spectroscopy measurements revealed
that the MWCNTSs were efficiently modified with DEA. Scanning electron micrographs of the nanocomposites indicated that
the modified MWCNTSs were dispersed homogeneously in PBAT. The thermal stability of the nanocomposite decreased with
increase in the content of epoxy-MWCNT-DEA due to the poor thermal stabilities of epoxy and amino silane DEA. However,
the surface hydrophobicity of the nanocomposite increased. The highest stress (170% of PBAT) was observed when the
content of epoxy-MWCNT-DEA in the nanocomposite was 2 wt%.
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Q1 o, carbon fibers, dumina, glass, boron, silicon
carbide Sofl ]3| & AT FRH|E 7HA]aL QL
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(c) N-(2-aminoethyl)-3-aminopropyltrimethoxysilane
Fig. 1. Structures of PBAT (a), epoxy (DE204) (b) and amino silane (DEA) (c).
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Fig. 2. FT-IR spectra of Epoxy-CNT (&) and Epoxy-CNT
-DEA (b).

Fig. 3 PBAT®| Z-Z+ Epoxy-MWCNT$} Epoxy
-MWCNT-DEA 2 *]2]gt AMEZ2] FHFAS LERY
2ith Fig. 3(8)= Epoxy-CNT= 313+ PBATS] 3
.02 MWCNTZ} S5 5jo] 2 BAbe] 7] Saf 9
of FUSA ghe FEE molm ok whwef
Epoxy-MWCNT-DEA S Z3lst PBAT 2319 &

upkg - 0|97 - PAE

W& Uebd Fig. 3(b)oll A= Fig. 3(a)ell Hlsto] FA
o] Y&3] o]FofA ?P%lﬂ RS Holil glo] A3}
207 FAto] o] F01z] 12 Bl 3 4= Qlrt. whehA]

PBATC] Epoxy—MWCNT DEAZ Z313F 9o %

WA S B TP B 714
B4 RS ST 5 92 Ao A

SEM HE 1500 KY

SEMBAG: 2000 ks Lol .. ]

. -
Det: SE 2um mn

Fig. 3. SEM images of PBAT/Epoxy-CNT(98/2) (a) and
PBAT/Epoxy-CNT-DEA(98/2) (b).
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Fig. 4. TGA thermograms of PBAT (a), PBAT/Epoxy

-MWCNT-DEA(1%) (b), PBAT/Epoxy-MWCNT-
DEA(2%) (c), PBAT/Epoxy-MWCNT-DEA(3%)
(d), and PBAT/Epoxy-MWCNT-DEA(5%) (€).
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BEo| Bol izt HE2 9 FHe|LA] 3 4ot
o] Table 19 Yehf itk PBATS] Epoxy-MWCNT
o) gtgo) 1-5%:2 Z71gol we) @é—%‘ol Z7tet
FA oA ghe Pasks e slsigr
Epoxy-MWCNT7} 53| & sxHof| I8uhS FA4%
0 QIF 25EAS 7H MWCNTO]| o) 17}
o] 4<%l F o2 WerElth. o)t Epoxy2h MWCNT
£ 53k MWCNTE AEA o2 QI3 A=x7F
o] Z7fett W Avel FAstcWang et dl.,
2009). Epoxy-MWCNT-DEA ¢] leF-2 ghe|alo] &
e Azt Aol X*iﬂo] PBAT/Epoxy-
MWCNTof H]iLsto] HF2bo] 72 2t &l & 4
Qltt. o]+= PBAT/Epoxy-MWCNT-DEA of 3£5}g o}
Ol ARe] AR o] 9%t Aor ddtE
(Lee and Kim, 2005). Eﬂ Epoxy-MWCNT-DEA
5%} H|wake] HAo] =2 Epoxy-MWCNT-DEA
2069] 9. M 7to] T e A izt 2 ek, o
23t AT2 vigro R HADl HEzte] Jitol
AT wHRE Ao dEm, 28548 74
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Table 1. Contact angle and surface energy of PBAT/Epoxy-MWCNT

Contact angle (°) Surface energy (mN/m)
PBAT 61.7 46.26
PBAT/Epoxy-MWCNT (99/1) 66.1 4359
PBAT/Epoxy-MWCNT (98/2) 73.7 3891
PBAT/Epoxy-MWCNT (97/3) 741 38.66
PBAT/Epoxy-MWCNT (95/5) 753 37.92
PBAT/Epoxy-MWCNT-DEA (99/1) 715 40.27
PBAT/Epoxy-MWCNT-DEA (98/2) 80.2 34.87
PBAT/Epoxy-MWCNT-DEA (97/3) 82.1 33.69
PBAT/Epoxy-MWCNT-DEA (95/5) 843 3232
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1 Max stressi= | EA|E 7} <=5 PBAT || 13|
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-MWCNTE 1%& a3t Z<9o]= Max Stress7}
PBATO] Hlsto] oF 38% S7Fetlon], BEE
16% Z7Fstqich 1efuh, 1% o) 7Fe A-9oll=

Table 2. Max stress and elongation of various composites
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Max Stress7} Zassigich ol AEEA] o2
MWCNT =34 9] 79 1% o 7HA]= 2Abdol
of B4 = HAANE 2% FE = E4bdo] HolA
HxF Max Stress7} 7H2x8h= o= AT oo
4s) 7§25l MWCNT-DEA B4 S AFEaH 7-5-of
L= 2%7}A]= Max stress7| 73% = 714 wol =7}
R, 3%EFet 7--olli= Max dress7} thar 7haxgh
HhH, Max Elongation©] 44%= 717 Wo] =715 A
helstaint ol23t A= MWCNTZE7HE =%
Lo EgHAof] vis AHA 2 o] L5fo] Aol
& Z0% FE 7|QIEHAL & 4= Qo) M, 53
A& PBATOl &7 g ol A7+ %9 Max stress
7} Aaste A BP9 de] SUKEaE A
7} S7ske] Aol oflew, tASHA EAREA] oF
of 243 Aa}E 71 o= Ao ke
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- =
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= AT AR TEAR] PBATE] 7174
=4S G717 9I8) ol EAIet DEAR st
CNT (Epoxy-MWCNT-DEA)2} E3A1& THEo] 7)
AR|) 5 U Tl T PBATS] 9% 54 W &
24 S4o] vA Gk TASHch FTR 249
3k MWCNT7} DEA®] o3 5iata 0. 7}l slo]

Max Stress Max Elongation
(Kg/mm’) %)
PBAT 1.67 867
PBAT/Epoxy (99/1) 1.61 1017
PBAT/Epoxy (98/2) 153 1135
PBAT/Epoxy (97/3) 1.36 1060
PBAT/Epoxy (95/5) 0.78 997
PBAT/Epoxy-MWCNT (99/1) 231 1011
PBAT/Epoxy-MWCNT (98/2) 211 1048
PBAT/Epoxy-MWCNT (97/3) 171 1090
PBAT/Epoxy-MWCNT (95/5) 0.93 764
PBAT/Epoxy-MWCNT-DEA (99/1) 2.45 1008
PBAT/Epoxy-MWCNT-DEA (98/2) 2.89 1160
PBAT/Epoxy-MWCNT-DEA (97/3) 204 1250
PBAT/Epoxy-MWCNT-DEA (95/5) 1.33 840
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