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=2 B A= As-H AR 184191 poly (butylene adipate— co—succinate— co—terephthalate) (PBAST)
9] AR =9} JEAS =0)7] 9lsle] HE Gk AR (CMPS, chemically modified thermoplastic starch)
£ A7RITE CMPSE HATEAR] AR-S 7144, maleic anhydride MA) 2 WESAIAAIR WESAIA #2235t AF9)
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Abstract: This article aims to enhance the biodegradability and environment—friendliness of petroleum
based biodegradable poly (butylene adipate — co—succinate— co—terephthalate) (PBAST) by blending chemically
modified thermoplastic starch (CMPS). CMPS is a kind of bio—based biodegradable resin which is manufac—
tured by reacting starch with maleic anhydride (MA) in the presence of a plasticizer and a free radical initiator.
The characteristic properties of PBAST/CMPS blends were investigated by observing their morphology,
thermal, mechanical properties, and biodegradability. The good interfacial adhesion between the phases
examined by SEM revealed that PBAST/CMPS blends were compatible blends. The tensile strength
and elongation decreased with increasing CMPS content, while modulus increased. The biodegradability of the
blends was much higher than that of pristine PBAST and increased with increasing CMPS contents.
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(butylene succinate) (PBS), poly (butylene adipate) (PBA), poly
(butylene succinate—co—butylene adipate) (PBSA) 53} 72 %
=5 Zejof| 2Bl = (aliphatic polyester) £°] #A] 7k SIL), o] A
ZEREEES v Rl &gt Aislie & LofuARE 71414
d 9 G EAJo] vho} vkt -8l polyethylene (PE) 7}
2 R TRALE AR ol S Wskk olefsh Wks Betst
71 $13ll Showa Denko, Eastman Chemical Co., BASF, °ol#sler &
oA aliphatic dicarboxylic acid/aromatic dicarboxylic acid®] &
B1E 243t vjoksl A=/ (aliphatic/aromatic) A8 3%
A Aelo] UslE 52 W) AR F w7 o] S-8HEok
ol wlEaQl e TRAE il el
Poly (butylene adipate—co—succinate—co—terephthalate)
(PBAST) &+ poly (butylene adipate) (PBA), poly (butylene succi—
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Scheme 1. Esterification reaction of starch backbone with MA.

nate) (PBS), poly (butylene terephthalate) (PBT) 2] @i 253}
24 PBAS PBT?] @IE 352421 poly (butylene adipate—
co—terephthalate) (PBAT) ¢} 87 thiz|ol A=/ el ARl
Zejo 1 H2 35T 0158 PES tiAllel ] SJal teigie®
AntA o A Al WS Alze] Bl wet FEEAe 47
AR 2do] geiit) olE So] WS AKES] & #-80] SVIePH
ST & PE=7d0] T71810] S8t tiekslid < glont,
AR (biodegradability) = FHssR= Z3o] ek gk o5 )
W AR AES ARl (petroleum—based) AR 1
TAREA] wgEe]] sl 2ol WE COx= th7lell F2Ee] A
2tsle] olEzo] Fow ARl SHellA] HH ofilksleka F40)
Sl (carbon—neutral) & (bio—based) Ar-3lld 1tk 9 <l
A} B ulal 11873Ad0] "ol 1 7 Bl whio] Qg

2 A= PBAST ] 7RI =2 71A1E /97 -9 3
A& Zo|iA] PBASTE] THAQl wh ARl s} dujd o= v Xl
P 2 7HAAR] SRS Bkl ] Slsle] WiE 7k AR (CMPS,
chemically modified thermoplastic starch)< Sdl=3}o] 1 E4S
AF8ISITE CMPSE HATRAR] el 7RAIR] glycerol (GL) 2+
o710l EANEA] 8735 =o7] flste] AREEE W] 783
MAS} 7 AE Z871810] RES &7kt o= 7ist Lge] A&+
2 AR )01k 1 Scheme 161l MA S} AR FoAK: Ajolo] &
ofLR= ol E 28} HES- MAUSS: BTk o) AAse] oapd
ol ~H|Z 3} M2 FFF 2 T (glucose units) & 6 EAA
T o= o= uieRict

4 g

Al2. PBASTE S—enpol(G8060 F, ¥ 1.3, melt index 3
g/10 min, 4,90000 g/mol, M/M;, 2—3) ZHE] F8}o] 80 Tl
A 24X 74531 ARESISITE PBAST S 3F8h-224)8- Figure 191
LRSI AL, aliphatic dicarboxylic acid/aromatic dicarboxylic acid
H|E= 53/47 (mol% ratio) ¢! 2102 dedA] ek =8 11%S 2
TGP A2 78] &2 57190 C) ol 2441 7
AA FTEE 3% ofekR W] CMPS Aol AR3isith dee
7HaA 2= glycerol (GL, Junsei Chemical Co.)-& ARE-31 a1, W&
MAAZE= 2,5—bis (terr—butylperoxy) —2,5—dimethyl hexane
(Luperox, SIGMA—ALDRICH, USA), WA 715542 maleic
anhydride (MA, SIGMA—ALDRICH, USA) & AM-38I%it) GL,
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Table 1. Composition and Thermal Properties of PBAST/CMPS
Blends

Sample PBAST CMPS T AH;
(Wt%) (Wt%) (T) U/g)
PBAST 100 0 130.6 10.6
CMPS 10 90 10 130.4 12.1
CMPS 30 70 30 130.0 19.7
CMPS 50 50 50 128.8 23.0
CMPS 70 30 70 126.5 10.7
CMPS 0 100 - -
LDPE? ~130
Ref. 1.

Luperox, MAT 74 5 ] glo] AR&3isict

CMPS HIZE. W3 7] Ais Azl ] Slall Abdel] 212414
T A GLE 80/20(wt% ratio) 02 316311, o371 Hir &
02 3 phre] MA®}0.2 phre] LuperoxE 3718101 £4Ic (blender)
£ o8, 8UE d EHES Ttk AR ERES 46.2 mm2)
2T A7 L/D=30/1 vIEE 7K ©]59<71(SM PLATEK Co.
Ltd., TEK 45, co—rotating) = ©|-&3}o] 24| #|Z=51ck CMPS A
ZA| 235 55 150 rpm O E 178819301, 7} vl ] &= 105,
120, 130, 140, 130 Colglom tlo] £ 125 T2 43Ik

PBAST/CMPS E&I= M=, Table 10149} &2 A=
PBAST/CMPS E/I=% Alx8l3lt). /1= 24de] weh PBAST
9} CMPSE At vk vd we] o} 5327F AR Z3sisict
(hand blending). AFd E3}3t Al55 ©]5%4%71(SM PLATEK Co.
Ltd,, TEK 30, Korea) 2 8- &3tk ol54=E7 1= $3]x(co—
rotating) WAjo]H, 237 A5 32 mmelal LD Hl= 360130k 2~
AF &% 200 rpm, WlEe] 5= 150~170 T, ©o] 5=
165 T2 fAIBIIL, AE&es 15 kehr® 20k 713t Als
= AF 2 mm ©Jske] 3 (chip) FHE Aesie] 80 T 2EolA 24
ARF 1z31e] ARSIt

X-Ray 2|E 2M. A5 248 AR $1810] wide angle
X—ray scattering FX (WAXS, Rigaku, model D/Max—2200H,
Japan) & o833tk 2] §l9hk= 0°~40°= 319iar, Cu—Kas] 73
Zoli=1.542 A, 71831 100 mA, 40 kVE 2435190t #4835
L 3.2 971 (Model 38510, Carver Inc.,, USA)Z o]¢, 25
170 C, ¢4 10 MPa°lA] A== 3l

YEM, N5 G2 5L WA AR A GZAIDSC, Perkin—
Elmer Pyris 6) & ol83}o] S43I5It A= 2d==ellA 180 CT7H]
20 C/minO= 71deilar, AlEe] G4 o|#E FUsHl 5171 28l 3
B 2 2E XS & 20 T/ SRAEE 1 HA
917] sleld 20 C/min®® 180 C7HA Adale] Age] 4625
9} S-gdS FBIink kA Edlmo] Aok WiskEs AR SISl
Az 2471 (Thermogravimetry, TG—DTA SDT Q—600, TA
Instruments) & ARSI, S24TE 20 T/min® 3I9ch 24 &
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[ | I | , e
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Figure 1. Chemical structure of PBAST.
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271 BfellA] Ad=2ellM] 600 CT7HA] A=) A WslE TEslsict:

QIE 4 M. B 42 I A7 (Materials Testing
Machine micro 350, Testometric Co. Ltd., USA)E ARg313ick <!
& 2ol 50 mmy/min® 1930, QPFARE 6702 Bgks #
so] g B0 FH3Ilth IFAKS 114 23> KS M3600
Hell e} 3573 %sto] Axslivh 12 $F571(Model 3851-0,
Carver Inc., USA) 8] £5=170 C, 918 10 MPa® Z43}e] AlaS
Assliol om, Alrzd Ala A7 2197 giaZlo e (desiccator)
of] 297t BATE T ARESISITE QPIAIRE Al W) sl x18
<1 ARl tisle] AT

DEZX|. SN=2) “Hphase) 28] Aloll Holi= 2t 32] AR s
ol 7] Y3l A5 b BEZX] W3S SEM (scanning
electron microscope, Hitachi S—4100, Japan) 22 #2313ict <1
B G P ARES oAl Al Sof] 2037 HAIsE 5 sidks)o]
w0 2 57Elslo] SEM SAEE ARESIITH

MEE Y. Awsl Alge] 94 F42 TCD #HE7 17 e ¢
2H-297)(EA 1108 CHNSO, Fisons, Italy) = o]83}0] A8 7] €
2o SRS BRI ARSI 57 A= 1S0 148555 viko = g
A5 Asle] B o] 2= 5812 TS HA181
4597 A8l AES AR, vl EARE SR 9 (Sig—
macell, particle size <2 um, SIGMA—ALDRICH, USA) £ AF3]iC]

20 Y EE

X-Ray 5|& £4. PBAST, 5 2% CMPS9} CMPS309]
X-ray 34 341 Figure 201 B o4 Qo] Aujop? o] &
QAo AR S R HPA A-type A4 X-ray 8
A 34 57491 15°9) 2370l Zi7ke] Wl 9119} 1709 ol w2
YA W8 7R2vd Ahre] 3l 2pads B (Figure 2(), 718k
S5 2] 54 3= ARMAL 13,209 20.5°00M A= 127}
Ik ok 7Rk 7 3O Z1elske FHOR V-structure?}
i BT P S spase] A thek A5 ge] WAz
Tk S5 ARe] e 22903 CMPSE 3%015eE > o]
Aok B ) S e 118 gk 3e) 7Rt el o
7 2dEo] FAMEPE REle] T3l SIS o 4 ek
PBAST®] 314 304 (Figure 2(b))2 17.5, 20.5, 23.2, 2450114 ©]
A AP ng=at A4 B4 932 RelErk CMPS30 BH=9)
34 24 (Figure 2(d)-S ®H 13.2°04 CMPS®] B4 932, 1
231175, 23.2, 24.5° PBASTS] E4 W32 HeIt) o= 485
A= 5 A3} 2golr] de7t Pk wixA] o) wigo|ck

UX EM. Table 19] DSCE ¥A4138F N85 4-825( T &}
$59(UH) o AYE Btk PBASTO] €625+ 2131 T2
LDPE®] 452129} H|5s8I9l): ol A Atsld 1atAR] PBA
(T~60 ©),'° PBS(73,~113 ©),'! PBSA(7;,~100 )"
o} o] el Rolell §-88 = 9l allErh

Hal=o] 44 548 B CMPS ko] 10, 30 wt%d wi=
PBAST?] 7;, #&7} 9101} CMPS7}H50%, 70% 714 7o 7}
7y 2 CTH 4 C AE oK 243, o] a2of|A] 3%l PBAST
9} CMPS 8-8-23F S|l 7124 GLo| PBASTE o)gslal o5 7}
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Figure 2. Wide—angle X—ray diffractograms of (a) CMPS; (b)
PBAST; (c) starch; (d) CMPS30.
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Figure 3. TGA curves of (a) PBAST; (b) CMPS10; (¢) CMPS30;
(d) CMPS50; (e) CMPS70; (f) CMPS.

ZoAR= PBASTONE 7heA] of3ke: algl7] w0 wikact” 8¢
A (AFp 2] H3E B CMPSE0] 50% 7 718 70%°1
M= @3]8 A3t} o= PBAST/CMPS Eal=ojx] CMPS 42
AAEA ) o3t BHle nZex] seAgy) 5o 853 eglew
FHATEBY 42 Exge) Al B w) PBASTY] W Arka
ARG A7l 97 EAJL A Wis] o= 0= Kol A5
3 WS 13t S8kl A niu]g Z1lo% gk

AR EAS HojF= Figure 34 ¥4, CMPS (Figure 3(9) 2]
Al = 200 T FollA] Al&lele] 320 € FtollA] wAsh sl
FAE HofErk 7] 300 TS FAREAR: 20%= CMPS AlZ=A|
A7k 7EA(GL 20 wt%) 7} 8 S sl whiso = Fhekect:
OFF 320 C 2] FAgh FA| i 7haslel 723 o] w2l wf
Fo7 e ol 84 o] Fal| 29 SARIE? PBAST
(Figure 3 (a)) 9] G¥-a) 548 W k310 €S} 330 T Aole] ¢k
5% JE2] FA 75 B 5 48] A A7 dofuebE 410 €
2o FASE Falrt Aot vk 2eli] dod FA| fhae
PBASTe] 223k Al o= EAfgo] vk Azt AkeEo] A &
alw]7] wio 2 Fekeh S3=2] TGA < (Figure 3(b)— () <]
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Table 2. Tensile Properties of PBAST/CMPS Blends

Sample Tensile strength Elongation Modulus
(MPa) (%) (MPa)
PBAST 16 850 41
CMPS 10 14 812 50
CMPS 30 12 662 60
CMPS 50 8 393 84
CMPS 70 7 44 67
LDPE® 8~10 15~600 -
*Ref. 1.

EAS By, Bt vk CMPS wiize] AnkAql Heferi=
CMPS ggz7tell wet 7ha8kAsE CMPS 2 PBAST7Z} Hojs
320 €410 T =22 FHojl Fall s &= sk ok nldeA
ERlEe] B4S Bk

QIZEM. AYal 23] o]d PBAST 4 PBAST/CMPS El=9
o1 432 Table 29 B3Itk PBAST= LDPES} o} GAKsH o1
ol g EAS HolZr) PBASTS CMPSE 7keba CMPS
o] o] Z7ske]| wet Q1) AIAE-S M3 hidtal ¥4
ES SV CMPS509] QP -2 25 5499 °F50%
AR 7As9lon) 'PES o 2ull2 S7sI8IC) 1Eu CMPS 3
o] 70%7}+ H g} QL F43) sl S e B
=7} =31 SPIEE SIS o= o] 2 548 28 CMPS
THOT olzno] Bl mE e o) ws) uito % Pt CVPS A
FoA ks vk MAE 9FE7] 2] SR8 7kullET
(vent port) oA AAE7] ol Tk wA|e] CMPS/118AF Balle
o= RS FA] 9B= Ao® BuErE QgEA] A o)
CMPSE 50% ok d7¥sd Bdl=e] QPgE7do] LDPES] &3
I} fARIEL 2R R QB ] $H) whiiell MAeh= 3-golke] Al
Sk 4] k& 7 o= gkt

SEM &L 31324} Bseld 7 540 A5t fAksR 2]
7} 2 A Agdo] Ha YR 4 4P (dispersed phase) ©]
Ho 528k 22dn)7) HISssha 33473 co—continuous phase) 9] &
BIE HofFrh Y ey Blse] RE e )= ulEsy 1At B4
o) g3} s gAF o7 wksis Wi o vk mE e X
2 AR Wio] 7E2] 07 o] o] g1 Ik

Figure 40l A|#5¢] slghd SEM ARIS: B9t <57 CMPS 2
kA (Figure 4 (a))- o1 viEeH A8 Rofaer), o]zx Bl v}
A AR 5w S 7R A CMIPS Zdolal A-Al Holi= 23
2 PBAST?] A91e o = Qltk CMPS9) §lego] S7lshd milizgh i
o] W#o] Z7I8ke- ¢ 5= gtk CMPS7}H 10% 7k B-al=o] sk
W AR (Figure 4 (b)-& X8 CMPS AJo] o5 2k 78 o 7 FAly]
o] Sz o= nolr AR EAS Z2H= PBAST A7} 72l o]
& oItk CMPS302] SEM AR (Figure 4(c) S B A% )
PBAST “do] @1&7do]1 CMPS “do] wabdls s Hojr
7 aREAe] o] Rl nlEsld Baleeke o 4 Sltk CMPS50
(Figure 4(d)& 39540 REZ A= ¥ojF1 CMPS70 (Figure
4(e))& CMPS7} ¢ig4o]a PBASTY) #AMRI HElS Roj&Ec)
CMPS702] BEZZAZ B off ulz 2ol 9133k Al CMPS702]
Agk GEA] A G0 2 A 48 2K CMPS7F Agdo]

110

N

Figure 4. SEM micrographs of the fractured surfaces of (a)
CMPS; (b) PBAST; (c) CMPS10; (d) CMPS30; (e) CMPS 50;
() CMPS70.
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Figure 5. Cumulative biodegradation of PBAST/CMPS blends
under controlled aerobic composting conditions.
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Figure 6. Retained tensile strength of PBAST/CMPS blends at
composting.
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HwEAR e Ags e 0 REEE B 456U F 78%= T}
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o] 97 W S 5 HF Enle) el weh ARelee] Hoigk
gebd i QInEY QRS 7Rkt CMPS ] AReEE 89%= A
SR QAN =90} 555 PBAST Y] ARl 2392 ASZ oA
thH] 30%°1 SHeh= vg- w2 sHo QL) 1Lt Bl=o] AR
= CMPS9] 330 10, 30, 50, 70%2 W) 212} 41, 54, 65, 74% %
5= PBAST ARSERL} 7 32 =35 B o) ARsl:
7} wE CMPS7} A Fefg o Balls ypite] 2o JgSo] A4
Hal| Wze] T7Iska, BEk Wl SRR Rl vBEES] Ho] o)
a4 PBAST] %8l 5% 57k mpo sjaent” Agse
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o1 AZ R QA RT} 7] ARel7t —2Auk CMPS502 CMPS70-2 A
Z7 o ur} wEt) o] @RS Figure 4(d),(e) X Bo] A%
S w2 CMPS o] 31 52 &7do] =7] wlizo]th

AR TgollA] Wisksl= PBAST/CMPS Bdl= 29] ke
1 9 H3lE 22 Figures 63 70 B9t} Figure 62 XM,
PBAST B&2 EMIs} 65 Felle Qe Fdw=e] ok 30%5 4
skl Lot CMPS7F 37k Aol <Jst E4974F 923] &
oS oF 5= itk CMPS7} 30% 7k Eu)s} A& oF 45 Fo)
) B diS ol 50% 7} 7R 25 wlefl B4
S QlojM ) Emlale] wlE CMPS50 S9l= dEe] wuws)
(Figure 7)& B, EH]g} 2574 2)e]] CMPS 945732] Adgio] i
Sl=IT, 45 Follis ik W= AL 9l PBAST ¢1&7do] 9
Kol Zr} 65 <1 a7l PBAST 9 Edll=o] Aa)] Aj7le]] wls
99 BERA Wst A7E B ), PBAST: #7] & ok f714
A& 7 )= 2w ol HAE 2 i 3ks Ble
= e e CMPS7) 30%0Vd 37k BRles w7]Eo e
En)gl 5o 2183 HelgAel o f1d wV1EY s FiE &
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Figure 7. SEM micrographs of surface of PBAST/CMPS (50/50)
blend film: (a) before composting; (b) after 14 days composting;
(c) after 45 days composting.
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