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Poly(butyl acrylate)& ZE&Sk= Poly(lactic acid)/Poly(butylene adipate-co-terephthalate)
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Abstract: Poly(lactic acid) (PLA) is a biodegradable polymer, which has been increased in usage due to strengthening
environmental policy and increased interest in sustainable plastics. However, it has inherent shortcomings such as brit-
tleness, low melt strength, heat resistance, and impact resistance, which limited widespread applications for requiring
mechanical properties. In this study, to improve the compatibility and impact resistance of the PLA, the poly(butyl acry-
late) (PBA) was introduced into the PLA/poly(butylene adipate-co-terephthalate) (PBAT) blends. In addition, the thermal,
dynamic viscoelastic, morphological, mechanical and impact strength characteristics of the composite were analyzed. As
a result, it was demonstrated that the impact strength was increased up to 2.2 times because PBA acted as a compatibilizer
for PLA/PBAT blends and formed the co-continuous morphology. Therefore, we confirmed the applicability of sus-
tainable plastics through improving the impact strength of PLA-based biodegradable materials.

Keywords: poly(lactic acid), poly(butylene adipate-co-terephthalate), poly(butyl acrylate), compatibility, impact strength.
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poly(glycolic acid)(PGA), polyhydroxy alkanoate(PHA), poly
(butylene adipate-co-terephthalate)(PBAT) 5°] o™, 1%
7V ARgEo] e ARSI EARE PLACITE PLAE &
T s SL=EE slo] QojR|H, F Akl 77
(carboxyl) 52 7FA|aL Ut} 58], A A 9+ IS4,
W=, e, 7RsAdol s, AEeIAY i AE
T W2 7R PFAHo Jlo] ARl agAt 71wt Z2f
el i< T B e e o - L B s P TR e

EAA Fol, olgiol, /HEE 2 At Al 5 FHLS
Hool Ax] 28537 YATE PLAE FAdo] o] =49 F

2 8§ A=E /A Q) Eo He-EeiaEo

Hlsto] v AlE, SAXE B WEHdo = Qe 7|E &
Z2gg A= ol sHAI7E Utk olefgt @S 7)AlS
7] {8l @7k HE, gl (lignin) 53 2 A A
Zpete]l BAEE F3le] 73914 (toughnessyS 571712, Ak
a2 FHEE F2ATIAWLY G MAIE o]8ste] PLAY
A FAE Eol= A" Fol Ee] A Ut Al
th7, Liao B Lee®] A-¢ll41+= PLA® E}d(tannin), 75
4 <14 H(maleic anhydride)?t 72 H7HeS o]8-3te] AL
Zoll 28715 gol T2 Al Aokl 484 e
FEshs A7) o] FoA AL QU

$HH, PBAT= Pl =] oYX AU Z B U=
of| 2=E] (ester)d ATl LA SHA] A5 PLAS] &A)
5ol HAd9= g w22 dled Ade 7R 2
t}. o]2]3t EAS o]&3le] PLASKY] Bl=E E& PLAY
e SAES} AE 9 7RIS sk At v
sHAl =L ATEBM S1A|RE, PLASF PBATS] 22 -8
o= Rlal 71A1A B/do] AstEl= Tl o], F A
Zte] 23823 B 71AIA B A7) 18l s,
=47), FAA ) e HTA O] ARSI 2 ZE 9-S(graft
reactionyg ©]&38l= AT 5ol My U}l

B Ao = AENA 28R PLASH PBAT 7+ A&
A 71AS B3 PLA/PBAT =9 SAE e 53X
2 3t} o] & 93] ofmd e o EA ZEAF poly(butyl
acrylate)(PBA)E 353313 PLA/PBAT £l =0 shapd=z
A7vste 4, 4 VA, +=, 71448 2 F4 54
=Sk U AT e L=

2

Aok 2 2. 2 Ao ARS-E poly(lactic acid)(PLA)=
NatureWorks A4 A2Fel Ingeo™ Biopolymer 2003DE A}
4319921, poly(butylene adipate-co-terephthalate)(PBAT)=
S s} sto A A2kE EnPol PBG70702 AHE-3H3ATH.
Poly(butyl acrylate)(PBA)= 41 A& I8l 23 2%
Fstlon, Gl = thska AR butyl acrylate(>99.0%)
£ AFg3laL, B/ AIAl= Ciba Specialty ChemicalsA}<]
IRGACURE" 1845 AME-8FATh. AHE-3F AloF B |50 +
Z% Figure 19 YERN ST

PBA M| Z=. Butyl acrylate 300 g 6 g¢] IRGACURE®
1842 A2 715 slollA 200 rppme 2 wHkely S5 Hoj
ol 2:=7F 80°Cel =2 w7kA] UV F=ZE FFelar
7] Bzbaldnk. A Fat AR vETE Y (gel permeation
chromatography, GPC)2 583+ 53 8+ EARFS 1620000,
polydispersity indexi= 1.36°|t}. o AR8-3F UV JH2Z(F20T12/
BLB, Philips, Netherland)®] W& 3 tl= 368 nm, =+
1.2 mW/em®]t}. GPC= Waters AF2] Alliance 26955 ©]-8-
st polystyrene 3+ AW EEEXE §vlE AHE-5HA
1 mL/ming] EE2&£x2 =431t}

PLA/PBAT SHIE 3 AJHX|ZE. 50 °CollA 24717F o]
7138 PLA 70 wt%} PBAT 30 wi%°l] PBAS gz &
3} 5 BrabenderA}2] Plastograph® EC with measuring mixers
W50 EHTS o]&3}e] 180°CollA 1087F 50 rppm o= E-2l
=alt) o] & #2|$ th Fred S. Carver A2 lab. press
5 o] &3} 80x65x1 mme] X0l 180 °ColA] 187F pre-
heating & 10 MPa®] 4531502 A|HE A X319} B3
= Z29¥)= Table 19 YERIIT

¥X EAM. PLA/PBAT Ed=ojr PBA gl w2 23
5488 gRlst7] 918l TA AFe] Q2000 differential scanning
calorimetry(AM|2F FAF E3A], DSCYE ARSIt 10£0.5 mg
O] ARE BWaL AL 7R stellA 2 AlEE -80°C7HA] W
248k & 200°C7HA 12} 7F (first run), THA -80 °C7HA] 1
Z}ek & 200 °C7FA] 22} 7} (second run)atsdom, 1249} 2
Aol 2 B W7t £EE= 10°C/min®] SE2 A8l
PLA/PBAT 2= o4 PLAY] AAS=X)= A (1)

(a) by [O (c) ()
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Butyl acrylate Poly(butyl acrylate)

Figure 1. Chemical structures of (a) PLA; (b) PBAT; (c) butyl acrylate; (d) PBA.
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PBAZ ¥3}3l= PLA/PBAT Edlt=o] 484 2 &4

Table 1. Composition of PLA/PBAT Blends with Various PBA
Contents

Description PLA PBAT PBA
(Wt%) (Wt%) (phr)
PBAO 0
PBAI1 1
PBA3 3
PBAS 0 30 5
PBA7 7
PBA9 9
7ol A ojeict.
X :-—A-H-f--xloo(%) (1)
¢ AHﬁmOxa)
AH= §8 e, AH = PLAZE 100% 24 3E 1S
o] &g e (93.7J/g)el™,»' we PLA/PBAT E4= 5
PLA®] 7A WE&S YeEPH I

SH HErY B4, PBA 3l W& PLA/PBAT Edl=e
4 Aed 54 WstE g)lst7] @l Perkin-Elmer AL
N535 dynamic mechanical analyzer(53 717412 ¥£417], DMA)
E AR &5 19 -70~180 °C, 52 &% 5°C/min,
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2, AAAE, AL FSalt AF] ST-1001 A EAI1E 7]
(UTM)E ©]8-3l 43I THASTM D8]2). Izod 547=
£ TMI AF9] TMI52004 pendulum impact testerS ©]-8-5}]
=3I THASTM D256). & A IS SH3l] 2
= A% 9 RIXE HEla 7)) HaEHE YeRAI

Ay o =2
2 2Y Zi PBAS H7lel wE €3 Ase A5t

7] $13] =] DSC thermogram= Figure 291 LFERS]
t}. Figure 2(ay= PBA7} H7FEA] %S PLA/PBAT Z&l=,
Figure 2(b)= PBA 3ol u}2 PLA/PBAT £#l=2] DSC
thermogram®|t}. Figure 2(b)*l4l= PBAZE 5 phr ©]d 7}
gk 7% PBATS] T7t UehA] et=tl, ol= oF -46 °Col
T2 71X1 PBAS] Q&S ol PBATO| T, 7 heat flow’}
szl Ao 2 AhEty? v, PLA 7,0 739, PBAS]
ol FHEFE T, 257} Aadte A4S HoFe,
ol 9 HaLE uiepH 7o) 448 7HKl PBA7F PLAS
TS 727 A= gkt

A

Table 2. DSC Results of PLA/PBAT Blends with Various PBA
Contents

I = T: T AH, AH; X
1 Hz8] 2552 SAith Al 50x10 mme] E=00 ¢ Sample ©C) ©C) (/g /) (%)
[e) =] =]
g2 7tsted Al zskirt PBA0 8595 14473 438 877 1337
= = BHM =2 0]a3s = o] ¥
D}‘: JH'T:-'; 4. PBAE ©| 83 PLA/PBAT =S¥ =e] o PBAI 8504 14487 438 6.18 9.42
s Lo
Ce e Hlm}ln High T.eChmlOgyﬂ %iyifgzzzo/\feif PBA3 8499 14489  4.19 443 6.75
emission scanning electron microsco all !
> ing electron microscopy(&Al tS7Hy o PBAS 8468 14500 412 336 512
A G|, FESEM)E AHaIo] S-alaioie). o) A2g of
fejol A)AE ST W T8 B BRI, PBA7 8437 14489 398 265 4.04
A S 2. A28 7o) A 24 = vl PBA9 8398 14444 414 293 447
= —— PBAD
g | (a) g E (b) PEAI
= —— PBA3
PBATT, s
/ — PBAT
- - — PBA9
= =
: :
z E
= =
= =
= = , - - e ¢
’ v
- £ W1
=60 =30 ] 30 60 W) -4 0 40 &0 120 160

Temperature(°C)

Temperature (°C)

Figure 2. DSC thermogram of PLA/PBAT blends: (a) PBAO; (b) PLA/PBAT blends with various PBA contents.
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Table 2= A|lZHE AEZE2] DSC & 24 232 el
o, AA3} L5(T), & 25(T,,), 243 dEV(AH,), &
& dA=9(AH) 2 AAsHe(X)S UERHSITE PBA7E 0114
9 phr7}A] Z71stel whel PLA/PBAT Sl =29 A3l =
1337%90 4 447%=E °F 66.6% 74331 Th o]+ PBA7}
PLAS}IS] #A} 7+ 73& 2-8-(intermolecular interaction)© = <1
3l PLAS 28348 Walst o= et

£X MEMY BN Zn}, Figure 32 PBAS 3= 37}
3 PLA/PBAT =] tan § ZYPZE &% F7PE= Yet
W 2ot} Figure 3(a)ollAl PLA/PBAT E-#=2] PBAT
tan § ¥ IE -30.9°ColH, PBAS] H7lol <3t 1,0 W=

(a) —o— PBAO
PBAIL
—o— PBA3
PBAS
—t— PBAT7
) —o— PBAY
E
=
2
i
oS
=
=
P o
-45 40 -35 -30 225 =20 =15
Temperature (°C)

Tan &/max(Tan &)

oAl - e -\ - MR - olsw

Holx] okr} WA, Figure 3(b)2] 7-5- PBAS] go] 0ol
A 9 phr7kA] 715 PLA®] tan § H 37} 74sle A
< Ho|m, PLAY] J=17} 64.4 °C(PBAOYIA 60.9 °C(PBAY)
7] grolAl= AE R1sISith =, PBAS] §HFo] 57t
&= PLAS} PBAT] tan § Y2 ZJol= Foi5H, ol2igt
A= 97491 PBAZF PLAS] #A& 7AIS ek opeh
PLAS} PBAT + L&A} 7Ho] 832 AH8ohs Jlo=
Thehgle) 1o
Y= 7= 24 Z1} PBA7} PLA/PBAT E-l=¢] +
zol WA= FEFE A1) fel PBA S sds
Figure 40 YEPRITE. Ldwta o2 vPhgAdel aeat 7 &

Temperature (°C)

Figure 3. Variation of tan 6 with temperature for PLA/PBAT blends with various PBA contents: tan 6 of (a) PBAT; (b) PLA.

Figure 4. SEM images of (a) PBAO; (b) PBA1; (c) PBA3; (d) PBAS; (e) PBA7; (f) PBA9.
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Figure S. Stress-strain curves of PLA/PBAT blends with various
PBA contents.

A=o] 2= sea-island FENE YERH, SHfo] &2 IE
A= v EE 2 (matrix), o] W2 aiEAR= =H<](domain)
FE|E 7HIt) Figure 4(a)5 AR 70 wt% $Hg<l PLA
£ EZY2o0H, 30 wt%2] PBATE =rleldS 3Hold 4=
Atk o]F PBAS] 3hgo] 713l ul2t PLASH PBAT Alo]
o] AAM o] EEHa)A |, PBA $t&Fo] 9 phrel Figure 4(f)
ol- &= co-continuous FE| Q] F+F= JeRt) olEsk A=
= 3837} PLA/PBAT ER1=0]] H7E= S wjol] Bare
A=} gxale], o] ZAZE H7I5F PBA7} PLAS PBAT
Atololl A 235 AR 2Rgsle] o]5 Eal=o] AHgAdo]
MAE Aoz shekg g 278

74 24 24 ZI} Figures 59 6 PLA/PBAT E3
To] Q=S AAES YERNSITE. Figure 55 7+ Al
2 H MY E 4 (stress-strain curve)yS YERHA S| Figure
6 PBA ol w2 Qla7wol Galg-e] WHalE Jehld
t}. Table 32 A|¥HYE REEX, AT, 94218 2 notched
Izod 247 =2 YeEpAT) 71414 EA4S A EH PBA
o] Z7HE REE 29 IR, AAlge Adhs
S Bk AAE] AR 252 900.1 MPa(PBAO)
o Al 682.2 MPa(PBAY), %1737 == 32.2 MPa(PBA0)°l 4]
24.3 MPa(PBA9Y7FA] 7HAstlom, A4l&9] 739 340%oll
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T = F 350
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Figure 6. Tensile strength as well as elongation at break of PLA/
PBAT blends with various PBA contents.

A 300%2 AF 4G ol e A o B Ax
E3 X3t PBAY 9gt A4 571 2 PLAS} PBAT 7+
o] A4 T o g 913k 73 (stiffness)o] A o= I
‘%llﬂ q_.2426,28

SAZT BN Ao Figure 7 PBA &l W Izod &
A7t=E JEpIIT) PBAS] $ho] S718= PLA/PBAT
LA SANEE & 202 Ik AdE HloH,
TAH SR PBA0S] A7 EE= 65.41/m, PBA9S] 47 %
= 1453 Jm= °F 2.28) F7FeIith. YRk o g SAE =
el AAgslwel 2 FHo| 9IS we Zo=E U
A Qeh P ok AF FAe] AFE B8 PBASH PLAS
B2 7k A5 Arg 0 2 213 PLASY] AAIE 7AS g1
om, o= PLAY HA MAH THAES] F7IE oloF]
T} 252930 tEs) mjck L BA1S Ed)e] sea-island 722 PLA/
PBAT E41=7} PBA2] 72 <218l co-continuous HENZ w}
e AL IRIENA, ol o &4 oduA|e] ax4el 2
g 9 RS 7R AgH o= PLAS AAst: 7

O

P, AAS Ad PBAQ] dUA] S5 2 53 &
BAS] H7}17} PLA/PBAT Edlto] =A47}x 2

Ollm
o
gL_l‘
=

Table 3. Mechanical and Impact Properties of PLA/PBAT Blends with Various PBA Contents

Tensile modulus

Tensile strength

Elongation at break Izod impact strength

Sample (MPa) (MPa) %) (/m)
PBAO 900.1 % 11.5 322+ 15 340.0 + 8.9 654+ 7.1
PBAI 852.6 = 15.0 304+ 14 3392 £ 70 763 + 10.8
PBA3 8124 + 17.4 281+ 14 3247 £ 83 109.0 + 10.7
PBAS 770.8 £ 19.1 269+ 1.6 3192 + 8.4 1238 £ 105
PBA7 732.5 = 18.0 263+ 1.5 3163 + 6.6 1375 + 113
PBA9 6822 = 18.7 243+ 11 300.0 = 10.8 1453 £ 7.1
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Figure 7. Notched izod impact strength of PLA/PBAT blends with
various PBA contents.
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4x]¢1 PLA/PBAT £l
%3] PBAZS A %3}
o‘__,_dxj" Ez] x%ﬂ/ﬂ TZ,
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i‘r‘ﬂ’c"& A3}, PBAY] &eFo)

Ao M= thEZ Q! AR
‘:4 HE44E M *%}lx}
of g Friek &
71AA 2 WE4 EX4S PBA
g9 2 =37 X—]E]— A

O

J

1 phrof| 4] 9phr77}11 ~7Pf§ PLAS] ZAAslce} 1,0 7+
A5 AT & AT F, PLA/PBAT 23z oA] PBAE

PLAS] ﬂw—g— NAskar PLAQ]r PBAT 7] 483542 2§
shTh. Sk e 2 891 A3} PBAVE H7EEA] 2
AFA A= sea-island FE| O] F+27F HEEH A2, PBA7H
A7 4= co-continuous FENS] 25 HEsIST 7] 75”Zq
4 A4S Bl dZ9 PBA7} PLA/PBAT E#=9] &
g oA e @ AAELS AZ 7HAAT)E AL gl o]—
o W4 549 A, PBAA H7}2 PLA/PBAT Ed =29
izod impact strength7} | 2.2v] S7lsk= Z1E &1
ARNoH, o= &3] 9 = PBAZl PLA/PBAT
Lo dgse 8 §5skal #Ake Ao s vdEn

o)y et A 7,_3J+~ﬂ %38 EH PBAE PLA/PBAT &
oA ALsA] o 3hH, PLA/PBAT E&l=¢] %
ARE ST Shlatsint. o] & o]g-sh s
] PLA 7]%F 14%774*3 o] 7H*dEJ A&7 e ZepE A
2 O &8 okl 48 7 Zo= ZdiEn

ZAtel F: o] =S ARER e T duo
o
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