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EE: wj XA E o] &35} polylactic acid(PLA)/poly(butylene adipate-co-terephthalate)(PBAT)(80/20) & =29}
multiwalled carbon nanotube(MWNT)2}e] S5 E Azt &5 & A olA 2hojd Aghk-sol 2|3k vk
S FesE GAs] flsked & JNAIAIZA benzoyl peroxide(BPO), azobisisobutyronitrile(AIBN), 22|31
dicumyl peroxide(DCP)E =353tk /MAAIS] FHe T8 279 Wl Ealo] JAE =9 B3RS 4
T2k 24E AT ARE AAIAIE olete] e 2tz vkl o]ste] PLA/PBATEAI=9] #4¢
del A7)e AAEAL, &85 Hew St /XA 5400 et gefe AR AL MWNTS] s
Zhgol| o]ate] PLAISG oA PBATS MWNTS] 24t e o} v x| iz Wstslsint. S3AEe nHl+x
3= modified Cole-Cole plotZ} 2+ o] A3t}

Abstract: Blends of polylactic acid (PLA)/poly(butylene adipate-co-terephthalate) (PBAT) (80/20) blend and their com-
posites with multiwalled carbon nanotube (MWNT) were prepared using a batch mixer. In the melt-mixing process, ben-
zoyl peroxide (BPO), azobisisobutyronitrile (AIBN), and dicumyl peroxide (DCP) were introduced as radical initiators
to achieve reactive compatibilization by coupling reactions of the components. The phase structure and rheological prop-
erties of the blends and composites were investigated. It was found that the size of the PBAT dispersed phase was
reduced, and the melt viscosity increased in the PLA/PBAT/initiator blend by the intended reactions of the initiators. The
dispersion state of PBAT and the distribution of MWNTs between PLA and PBAT were sensitively changed by the inter-
actions between the component polymers and MWNTSs, which depended on the characteristics of the initiators and mixing
protocols. Changes in the microstructure of the composites were explained in relation to the modified Cole-Cole plots.

Keywords: polylactic acid, poly(butylene adipate-co-terephthalate), rheological property, microstructure, reactive com-
patilization.
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Table 1. Characteristics of Radical Initiators Used in This Study

2 olFold 917l HE AMSE AAAETY ST g
o] FFsdt A% BRASH] HEAgol oJste] Ty
s} SRS BA] el 348 Aow SEgict.

4 H

AleF & xf=. E Aol ARE-El PLAE NatureWorks*H(T|
=)¢] Ingeo 4032D(M,=107296 g/mol, M,=183177 g/mol)=
ARE-Stith PBAT= EUl|8 stk g+91=1)9] EnPol
PBG7070(M,=45000-50000 g/mol, M,=180000-200000 g/
mol)S AFE-EFITE BPOSH AIBNS AbA4=0k3-] (th ekl =)
o] A|FolY e, DCPE Sigma-Aldrich(]=)e] AES AR
St ez JHAIAIES] 2, 28]a AE A7k gt
JHE Table 19 8.°Fs T MWNT(Z]7=5-15 nm, Z°]
=40-70 pm)= LGS}sh(HlHel=)e] AF-S ARSI

28 &8, 88§ &2 Internal Mixer(MKE RheoComp®
System, HgHI=1)E o]&3lo] X3t 71 =% 180 °C
oA ZEe] FAFE 60 RPM, 22|31 TH AJ7HS 1022
2 AR A TR FHF 45 gollem PLA/
PBATS] AL 802002 FASATE 7HAIA L MWNT=
Z47F 0.5 wi%s FYSIATE IA e FYslel 94 A=
S AFAZXINE o]g3led 40°ColA 24417 ot AZx3I
o} o] 7350l aERtet AVHAIES SAl FYE
O, s 7] PRl FeES fFEsh] 98

PLAZIAIAI/MWNTE A 557F EH310 PBATS B2

Initiator Structure Radicals Lifetime? (s)
o]
|
. 0 Vo
Benzoyl peroxide o-
(BPO, 242.23 g/mol) P 277
75%" i
- o
H.C CH,
: \C-/
Azobisdisobutyronitrile N ™ ‘
(AIBN, 164.21 g/mol) N Ne 22
98% SN AN G
N \
N
P
Dicumyl peroxide (|:\ o
(DCP, 270.37 g/mol) 0 OHy 631.1
98% o :
*CH,

“Lifetime at 180 °C calculated using decomposition parameters (E, and 4) measured in benzene.” Lifetime(s)=-In(ratio of residual peroxide to initial
peroxide)/Aexp(-E/RT), where the ratio of residual peroxide to initial peroxide=0.01, R=8.31 J/mol K, T=453 K. "Moisture content 25%.
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Figure 1. Effect of radical initiators (0.5 wt%) on the complex vis-
cosity and storage modulus of PLA at 180 °C (Pure PLA was melt
processed at 180 °C and 60 RPM for 10 min prior to the measure-
ment of rheological property).
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Figure 2. Effect of radical initiators (0.5 wt%) on the complex vis-
cosity and storage modulus of PBAT at 180 °C (Pure PBAT were
melt processed at 130 °C and 60 RPM for 10 min prior to the mea-
surement of rheological property).
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Figure 3. Proposed reaction mechanism for the degradation and
crosslinking of PLA.*!
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Figure 4. SEM images of (a) PLA/PBAT (R,=3.6+0.5 um); (b)
PLA/PBAT/BPO (R,=1.840.1 pm); (c) PLA/PBAT/AIBN (R,=
1.0+£0.4 pm); (d) PLA/PBAT/DCP (R,=1.0+0.4 pm).
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Figure 5. Effect of radical initiators on the (a) complex viscosity;
(b) storage modulus of PLA/PBAT blends.
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Figure 6. Modified Cole-Cole plot of PLA/PBAT/initiator blends.
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Figure 7. TEM images of PLA/PBAT/MWNT (R,=2.2+0.1 um).
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Figure 8. TEM images of PLA/PBAT/BPO/MWNT (R,=4.0+0.7 pum).
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Figure 10. TEM images of PLA/PBAT/DCP/MWNT(R,=1.0£0.4 um).
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Figure 12. Effect of radical initiators on the storage moduli of (a)
PLA/PBAT/Initiator/MWNT composites; (b) PLA/Initiator/MWNT
+PBAT.
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