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E5: B A& poly(lactic acid)(PLA), poly(butylene adipate-co-terephthalate)(PBAT), ethanolamine(MEA) £
A5 A2tk MEAE PLA/PBATS] o 2E] 2|3MES-S 713l S92, AZHW-39 Su2H 2835350
o, PLAS} PBATZIe] AH-8A4S =258 sl%th. PLA/PBAT/MEA EdE9] 1% 2 ¥4 EA4S AFe,
PLA/PBAT/MEA E3I=E PLA/PBAT ER1=2] AZHAZ AME319th ZEX S 2 PLA/PBAT/MEA EH=& 3
g2 Ao R 3t 8-S I, AZTHARS] 7S HAFITH

Abstract: In this study, a polymer blend of poly(lactic acid) (PLA), poly(butylene adipate-co-terephthalate) (PBAT), and
ethanolamine (MEA) (PLA/PBAT/MEA) was prepared. MEA made PLA/PBAT capable of transesterification reaction,
acted as a catalyst of coupling reaction and improved the compatibility between PLA and PBAT. The structural and ther-
mal properties of PLA/PBAT/MEA blend were characterized, and PLA/PBAT/MEA blend was used for the coupling
agent of PLA/PBAT blend. In conclusion, the PLA/PBAT/MEA blend had an improved compatibility due to chemical
coupling and showed a possibility as a coupling agent.
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olglst PLAS] AAl HojR= A4S Heksl] f18t 3
A7A e o 2= vkasl, BE FEAl, I Ee
detxgEmel EdlY Fo] o™, poly(butylene adipate-co-
terephthalate)(PBAT)9}] B4 %= 15 Shjo|tts
UAEE ZiE AREshe 7R ol RE 9] ol E X|ght
S-(transesterification)2 71840l L35 OEA $o
) AESE 24 SEES Fa5 EFEN o&H A 9l
thf o] gex= FHFHANME F FEEN ©]E§EIL AL
™2 HQIE A0 ulo] Q t] Al A] triglycerides® &5}
< "lell= ARg-skar At
7] dZHe= drido g f7]8uol 7H8A4d-S 7ERIARE,
FHEAARS f718mol thal] FeAS 7RI B ol 2H
A2 HPIEA A, 2 A%E-S 7ds e ofF
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7] Fiile w2 AE-S FHoJlAIT, 7)ol wzket 71|
AMe A 5 U 2HEE flou 397] sllae &
SHoHAME e 38 THEo] U)ol A s
o] Fvll F 7] oFA S22 7HEA ol 2~E 9] o 2H
28HES A] F2 F0)) @S HAFTED o]gf gt 7] ol
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|3ato] 2 AFofA= 7o &g 71E 71Xl MEA
£ ARS-3ted PLASF PBATZHY] ol 2~F X|3H-S Ri=sich
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@

T MBE

HATh 7 HA AP AP o2 = MEAS] S A5
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Alef A ZZ. 2 A AFE-E poly(lactic acid)(PLA)
= Natureworks AFel| 4] AJ2FEl PLA4060DE AF-8-31S T
Poly(butylene adipate-co-terephthalate)(PBAT)= BASF A}l
2] A4AFE Ecoflex® F Blend C12002 AR&-3lth AZHA|
£ A|x3l7| $18k] Hks- Z-8AZA Samchun Chemicals AF
9] ethanolamine(MEA)S- AR&-314 T},

EE AMZiol =H. MEA°] tdk PLA 2 PBAT?] At
<l REEEE SAsP| flgh AS A8t Internal mixer
£ Brabender AF2] Plasticorder PLE331& ©|-&3}3ic}. A=
A5 DAVENPOR-T AFe] MFI 105 AR&-slod EZ A
7He S 38 212 7H2EAA 10°CE 354
71 2xol|A] 248 THPLA: 160 °C, PBAT: 120°C). 10g
3E7F9] pre-heatingS S+ 5, 2.16 k9]

TR T T o] EZEE= A
7HE 53] FAHsk 4 9 SRS WE| L 33] HAAE

EX EM. PLA/PBAT/MEA Ed =7} 71A= 57 E4
S #E3517] $18] Perkin-Elmer A}2] dynamic mechanical
analyzer(DMA, N535)E ©|-&33ith. 10 °C/min®] 5 £=
2 50 °CollA 100 °C7HA] AES APt 9= 1 Hz
2 3} 243 A9 71 24 Table 19 HERNSITH

PLA, PBATS| FHEZEN M=. AZHYAS Axst7] 98}
o] PLA, PBAT, MEAE &7 #7lste] £t & 4
o] 71 7L Table 201 YERAITE.

A %¥ A= DMA, FTIR, SEM, 'H NMR< ©]-&-3}o]

Table 1. Formulation and Processing Conditions of PLA/PBAT/MEA

Description PLA PBAT MEA Mixing time Teimp. Screw speed
(Wt%0) (Wt0) (phr) (min) (°C) (rpm)
PL5PB5SMEO 50 50 0 3 140 100
PL5PBSMEI 50 50 1 3 140 100
PL5PB5SMES 50 50 5 3 140 100
PL5SPBSME10 50 50 10 3 140 100
PL5PB5SME20 50 50 20 3 140 100
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PLA/PBAT/MEA Eal=eo] 1x¥3}

Table 2. Formulation and Processing Conditions of Coupling
Agent

Desoription PLA  PBAT MEA T8 Temp.

PR (min) (rpm)
COouo0 100 0 10 3 140 100
COU1 90 10 10 3 140 100
COou2 80 20 10 3 140 100
COu3 70 30 10 3 140 100
COu4 60 40 10 3 140 100
COUS 50 50 10 3 140 100
COU6 40 60 10 3 140 100
cou7 30 70 10 3 140 100
COus 20 80 10 3 140 100
Ccou9 10 90 10 3 140 100
Ccou10 0 100 10 3 140 100

a7 54, X s, ZREZAE S5 gk Alxd
PLA/PBAT/MEA &% Balc= AZYA 2 ARR-E19T]
T2 #XP7|Z3Y('H NMR) 241, '"H NMR spectrometer
(AVANCE digital 400, Ultrasheield 400 MHz)S A}-& &}
MEA®] u}2 PLAS} PBATS] I35 a8t Alxg #
ZYA A HFE chloroform-Dol] &35l A|8S FH]31%
o} 27935 Al 7Hy 27 Table 20 YERN AT
OlAE X[&ESE FE8H PLA/PBAT/Coupling Agent
SHE FM=. PLA®} PBATS T WA AFM Ax3 #&

2 A (PLA/PBAT/MEA)S} €7 Brabender A}2] Plasticorder
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Table 4. Formulations of PLA/PBAT/MEA/Coupling Agent

Description  PLA PBAT MEA D
(Wt9%) (Wt%) (phr) (phr)

A 50 50 0 -

50 50 0.5 -

C 60 40 10 -

D 50 50 10 -

E 40 60 10 -

F 50 50 0 5
PLE331& ol&sto] Exldsisitt. & 439 7y =3&

Table 301 YERJSITE.

FTIR 241, JASCO ATR(attenuated total reflectance) model
PRO450- SO] 22 JASCO FTIR-4100 spectrometers ©]-8-
&t} FTIRS =733t A8 100 um F79) FEZ F

IBISA. Table 4140 24 AZS] ZANE RIS

REZX|. Alx¥ PLA/PBAT 5 =9] BREZA = field
emission scanning electron microscopy(FE-SEM, Hitachi S-
130002 o)-&ale] BB}, E%ixl Bao] ALeE AW
£ Plasticorderol| 4] A|Z2H Ed=E HAE o83l F

E Z] ==

YA § Adsle] sgd s E b o & A|xse 2
F HAH ALE o] gsl FAAR F ddsie] SAHS AR
STk FHlE AJEe Wgo g 6027 ¥W ZHS o &
REZXE #EsIT
7|HA Z=. Table 3914 A =3 %EMEE WAAE A

Al Q1A &2 universal test machine(UTM, Instron

Table 3. Formulation and Processing Conditions of PLA/PBAT/Coupling Agents

Description PLA PBAT Couo  Coul COuU2 COuU3 Cou4 Mixing time Teimp. Screw speed
(Wt%o) — (Wt%o) (phr) (phr) (phr) (phr) (phr) (min) (°C) (rpm)
PL/PB/COU0 50 50 5 - - - - 3 170 100
PL/PB/COU1 50 50 - 5 - - - 3 170 100
PL/PB/COU2 50 50 - - 5 - - 3 170 100
PL/PB/COU3 50 50 - - - 5 - 3 170 100
PL/PB/COU4 50 50 - - - - 5 3 170 100
0T S S G e R R
(min) (rpm)
PL/PB/COU5 50 50 5 - - - - - 3 170 100
PL/PB/COU6 50 50 - 5 - - - - 3 170 100
PL/PB/COU7 50 50 - - 5 - - - 3 170 100
PL/PB/COUS 50 50 - - - 5 - - 3 170 100
PL/PB/COU9 50 50 - - - - 5 - 3 170 100
PL/PB/COU10 50 50 - - - - - 5 3 170 100
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s, ol ARE At Hhgo] Aot o2 o SH .
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7ve] 7ka Zo| Al 38 2AE 84 o) iO}E} ol&
PLAET} PBAT/} MEA®] tigh RESE7} 1 &2 2102 1
EpRt.

X EM BM. dubd oz PLAS} PBATS] e Sdl=
= AR HPdEAd 0= late] fEjo| (Tt g
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Figure 2014 &R1gH 4= 9)50], PLA/PBAT T =21
%] PLSPBSME(°] d13E& PLAS] 7,623 °C)e Bdl=
£ 3A 98 PLAY] T,2K62.8°C) 712] UA513th.

Figure 32 %53}9 PLA/PBAT @+ Ed=91 =4
PLSPBSME(®] 3% PBATY] T(-39.4°C)= SH=%

e A 2 5 oo
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Figure 1. Ejection time of PLA/MEA, and PBAT/MEA blends.
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Figure 2. Arbitrarily shifted tand of PLA/PBAT/MEA blend films
with different composition ratios (at 20~80 °C).
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Figure 3. Arbitrarily shifted tand of PLA/PBAT/MEA blend films
with different composition ratios (at -50~20 °C).
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Qg &= gI91t). PLSPBSMEO 42| PBATS] T/t -39.4°C
2 AJFsled, MEAE 20 phr 3 71sE PLSPBSME20S] PBAT
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2 PLAY] T= 74dta, PBATY] T2 A5dle] M2 43
sk @A (inward shiftyS 2918 4= AU} ©]= MEA7}
PLA®} PBAT®| 848 S8 = wWiAZ 2H-gsth=
Ao Z ME 4 AUrt.

T2 #XI|ZH('H NMR) 4. Figure 4> PLA ¥
PLA/MEA®] 'H NMR 23 E#o|t}, MEA A7} A] 7]|&
PLA 2 E3} & ®iske RIS b 749¢] 1.5-1.4 ppm At
olef 22 FAEC] APEAE, ©l+= RN-H, H,N-CH,,
HN-CH,-CH, 43S +58 & AUtk a 7oA 4.40-
425 ppmoX O-CHE &3 A8 W8 758 &+
ATE? AR, Ao R = A2 B As RIT F
AT} o]i= PLA W02 ARSI S e MEATE & 9
< A Zeths As & 5 AT

Figure 5% PBAT % PBAT/MEAS] 'H NMR 2= EJ0]
t}. WA ¢ Ao E R-CH,-CO F4EE 2.5-2.2 ppme] 3
FHoZ 1A%t Z1S FRIT F UATES B b 7o) F
=YAA F327F HIE 2E E F A} AT &
I} §hA9F MEAS] Atolol] 471 Ao 2 R-CO-CH,-NH7}
3.87-3.83 ppmol A #HEH Ao= FHATE? =3 3.44-
338 ppmollA} R-CH-CH,-OHZ F3 =& A2 vaE &
olHE 4= QI 3.76-3.6 ppme] CH-OHZ FHE & 3=
T HEEAGEAEE 73E 0 YAkl 9JsiA 4 ppm ©]
’Fe] 9=A7E A= oof SRR, MEAS] N 49} o218
< 3to] 4ppm o]ake] Pl HEE RS AT F 9
ATE? 4543 2 4.3-4.0 ppmolA AEL I=27 AAG A
S 18 = 9tk ol MEA] &) Az A7l H=7k
o] 7o ® FHE.
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Chemical Shift (ppm)

Figure 4. 'H NMR spectra of PLA (100) (wt%) and PLA/MEA
(100/10) (wt%/phr) blends.

Figure 6& PLA/PBAT, PLA/PBAT/MEA2] 'H NMR 2~
Edolt}. AR E PLA/PBATMEAE 7]1Z2] PLA/MEA,
PBAT/MEA, PLA/PBATS} H| 5153 S wf A F7kA] A4 =
A & ¢ AX A 4.3-42 ppmol|A] A2 FAZ7F A E
2t} o] PLA/PBAT Ao A E ¢I9d A2 Ao
AU A2 A=l E 4 U}t 4= PLA/PBAT
A== MEA 37} A PBATS] WlAl7]e] =24 47)¢] v]=
£ 9JH]3k= Figure 69] a] ol F718H%aL, PLAS] &3}
EAE oJP|3k= Figure 69] bo] o] 7AslAiT). o] of| 2
B X3 Z0)2 AL8-EE MEA7} o] 2F X3HH3-S QoA
PLA7} PBAT £22 A28 AFS Jdst= 2s A2l
3+

fle] 24 EdlZ 2Ao] thE AZHA ] Hxu|e] |
BAE EIste] 2449l wel MEAY o3 A3t a3t &
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Figure 5. '"H NMR spectra of PBAT (100) (wt%) and PBAT/MEA
(100/10) (wt%/phr) blends.
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Figure 6. 'H NMR spectra of PLA/PBAT (50/50) (wt%/wt%)
blends and PLA/PBAT/MEA (50/50/10) (wt%/wt%/phr) blends.
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Table 5. Peak Ratio of PLA/PBAT and PLA/PBAT/MEA Blends

PLA/PBAT Peak ratio Peak ratio
(W%/wi%) (MEA 0 phr) (MEA 10 phr)
b a b a
0/100 0 1 0 1
10/90 0.14 0.86 0 1
20/80 0.28 0.72 0.15 0.85
30/70 0.38 0.62 0.27 0.72
40/60 0.49 0.51 0.38 0.62
50/50 0.59 0.41 0.48 0.52
60/40 0.69 0.31 0.64 0.36
70/30 0.77 0.23 0.74 0.26
80/20 0.86 0.14 0.83 0.17
90/10 0.93 0.07 091 0.09
100/0 1 0 1 0

Table 5= PLA/PBAT £ =2] F £7F b9} a] WM<}
MEAE 10 phr 37} Al @24 PLA/PBAT E3l=9] 7 +#
7F bia AHH|E 2AY] HE YIS Table 55 AR
™ MEA 37} 23} 9] b9} a¢] WZH] H3}= PLA/PBAT
o] Z/gue] ejEgit), El=o) 98 PBAT] %] &9
JE PBATY] A%SF PLAY] %S Z7)sit}. thet, PBAT
o] Agteh= PLAS %o mjEg 2 o) w} debxitt. PLAY}
e w PBATY| Z¢sH= PLAS % PBATV} WE
Y2 win g oz 2o A8 g 4 ik
%4 1:9(PLA/PBAT)eIA] be] WA B 7} 00] H& A
golsk = = 2 o]f= EE PLA} PBATO| <14€th
= Ao)ar, Hhzk 0.14¢] AAR|e] Hsl7F SAH = A3t
Aoz QA HREAS Bl Aol AME PBAT=
MEA®] 2J3llx =g 2872 vl A €}, vl 28715
2 PLAS} A% Ha AxpHos N2 slsh4] At
o] 443 Hr}. T3 Table 591 & 4= Uxo] 714 A%
S Zo| 3 A= SAUE 129, 2:8, 3:7 =o|UT}. o] X
AH] E2 tE 2uERT AF o R A e =3
oA 3 B4 et = A28 Agd o3 2%
Pyo g olgst A3t vehd A2 |4 4 Sl
IR Spectrum =41, Figure 7914 A%} B, D= tf& T2
7dS HRIth MEA 37} A PLA 2 PBAT®] ©HAl|ol] Al
A AAEE 1590-1500 cm™'9] NH, |39} AFHog &
oJub= 3600-3100 cm™¢] OH ¥ == MEA7} 71£¢] PLA
9 PBAT 2H87]9l] s}elA3S shAY A$hkeS dovl=
A0 F of|ZHT}? o= 'H NMR &~#E oA PLA/PBA-
T EA=oM = E AM2$ Aste] AAEATE S A
A Eot. AEHA(D)E S phrs FU3HL PLA/PBAT
o} Balg3 F= 72+ %] MEAS #7138 B8 tE 7%

I
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Figure 7. Infrared spectra of PLA/PBAT blends; (A) PLA/PBAT
(50/50) (wt%/wt%); (B) PLA/PBAT/MEA (50/50/0.5) (wt%o/wt%/
phr); (C) PLA/PBAT/MEA (60/40/10) (wt%/wt%/phr); (D) PLA/
PBAT/MEA (50/50/10) (wt%/wt%/phr); (E) PLA/PBAT/MEA (40/
60/10) (wt%/wt%/phr); (F) PLA/PBAT/coupling agent (50/50/5)
(wt%/wt%/phr). Composition of coupling agent was PLA 50 wt%/
PBAT 50 wt%/MEA 10 phr (D).

< ®HAFEh Fe AERA 98l 1700-1470 cm ol A 71&
o EollA ARG HAE0] A OE Fojues RS &
olgh 4= ATt T3 1800-1700 cm™ C=0 71¢] 712H 7]
o] o] A o7 Tast RS EIT T UYL, o= A
ZHAEN 73S BHAFII

PLA/PBAT 249 WE MEAS] &35 dolrr] 95t
COU4(C), COU5(D), COU6(E)E =H 3ttt DS} C, EE
b4 g2 A4S HoFETh DE 1411 em'9] PBATY] A
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Figure 8. SEM images of PLA/PBAT blends: (a) PLA/PBAT/MEA (50/50/10) (wt%/wt%/phr); (b) PLA/PBAT (50/50) (wt%/wt%) (c) PLA/
PBAT/MEA (60/40/10) (Wt%/wt%/phr); (d) PLA/PBAT/MEA (50/50/10) (wt%/wt%/phr); (¢) PLA/PBAT/MEA (40/60/10) (Wt%/wt%/phr).
It is confirmed that the droplet size of domain phase reacted by MEA is smaller than unreacted, and H,O and alcohol group, by-product, make

pores and rough surfaces on PLA/PBAT.
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Figure 9. Tensile strength of PLA/PBAT/coupling agent blends (50/
50/5) (wt%/wt%/phr). Coupling agents have different weight com-
position ratios of PLA/PBAT but have the same amount of MEA
(10 phr).
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sition ratios of PLA/PBAT but have the same amount of MEA (10

phr).
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