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Blending two thermodynamically immiscible biodegradable polymers is very challenging
and can extend their use and applications for replacing the products derived from
petroleum-based polymers. Excellent candidates for such system are poly(lactic acid) (PLA) and
thermoplastic starch (TPS) as both are at present commercially available and offer
cost-performance benefits[1] together with the case of pollution. Attempts to blending PLA with
TPS or other biodegradable polyesters with TPS have been extensively carried out by many
routes. They are mostly involved with reactive blending or chemical modifications [2-4] through
grafting reaction unto PLA or TPS and the copolymerization reaction to improve the interface
between PLA and TPS. The effects of the reactive agents and blending routes of PLA and
modified starch phase still need to be explored. Therefore, this work aimed to evaluate the effect
of the amount of maleic anhydride drive (MA), and peroxide, as well as the process of adding
reactive agent on morphology, mechanical, and thermal properties on the reactive blend of
PLA/acetylated TPS. An addition of a small quantity of MA and peroxide was sufficient to
improve the interfacial adhesion of PLA and acetylated TPS. The system is optimized with the
use of both MA and peroxide were reactive agents ,that procedures offered reduce particle size
and improved distribution of TPS phase, when investigated ratio between the PLA and TPS are
different, it was found that with the process used of MA and peroxide for the same ratio
demonstrated more uniform and dispersed TPS phase with smaller particle size when compared
to the physical mixing. And mechanical properties were improved. % Crystallinity was highest

for the ratio of 50/50 of all blends.
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® Bio-PE 2060000 28 %%
@ Bicdegradable Starch Blends 117,200 16 %
PLA 112500 15%
PHA £8.100 12%
@ Biodegradable Polyesters 56.500 2%
® Bio-PET 50000 7%
i Regenerated Cellulose® 36.000 5%
@ Bie-Pa 35.000 5%
@ Cellulose Derivatives' 8.000 1%
@ PLA-Blends 8000 1%
# Durable Starch-Blends 5.100 1%
9 Cthers 7.500 1%
Total 724.500 100 %
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A13190 1.1 uaastsunamsasesnuilaiudilzviaal2]

Rank Area Quantity (tonnes) Flag Value (1000§) Flag Unit value ($/tonne)
1 Thailand 1743070 475326 273
2 Netherlands 11284 10676 946
3 China, Hong Kong SAR 23642 8657 366
4 Brazil 8352 5576 596
5 Indonesia 13197 4583 347
& Germany 2194 4565 2081
7 Paraguay 8347 3225 386
8 EU(2T)ex.int 1598 A 2573 A 1610
9 China 4431 2254 509

10 Singapaore 1073 1944 1814
11 United States of America 640 1257 1964
12 Denmark 144 436 3028
13 United Kingdom 189 413 2185
14 Japan 85 317 3337
15 France 170 173 1013
16 Ecuadar 2620 138 53
17 Austria 32 102 3188
17 Sweden 54 102 1389
19 Belgium 46 86 1870
20 Czech Republic 106 80 755
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HUUHHITUABUABNSIAYN MA Lagperoxide adlutunaumsnanszrIeaaua uaziyy
Y 9

A09TUADUADMITIAN MA ¥30 peroxide laoaselumsiason TPS nou HUTHAUANAINY
] wAa 1 dy YA v v KR 1 d‘ = a Y
961915 Tuneauiian1ee nazuenaInilIdedIdn I LB TVEIBYUIAYEINTHAALE?

uazimIUsunlasudas imInauIzi1g PLA tag TPS 92 ananoauiinninaliogna 1

OH

A 1.3 uiladaualsuuy acetylation[9]

1.4 VaUIALATTOINAVBINIHIVY

141 med Tunanaanansyilsetounnudladauils (modified starch) H1iA3
deacetylated 0.8% Tﬂ&lﬁl1ﬂﬁ f

1.42 Tunsieson TPS 9219 glycerol il plasticizer US11as 30% Tagimin

1.43 1¥8as1d1ulumsnTounedues HaNs£1319 PLATPS i
90:10,70:30,50:50,30:70 11z 10:90 Tagninain

1.4.4 Gl,"]af}ﬂﬁﬁgim free radical Iﬂﬂi‘ff}lﬂlﬁaﬂuﬁ)uqal’lﬂiﬁ(maleic anhydride, MA) Ry
compatibilizer Psuavesez 19 linu 1 phritaig Perkadox peroxide 314 initiator US1Na1v09

reactive agent awldlinu 3 phr

1.5 Fupoumsautuaudselagazy
= < 9 aw Aa 9
1.5.1 ANBWAZINUTIVTINVOYDNUIVBNNGIVD
1.5.2 99NUUVITNINADDL LAZINUNUMTNATD

@ t4 =
1.53 ﬂﬂﬁ1qﬂﬂiﬂllla$ﬁﬁlﬂw
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1.5.4 @IuUMs I8 Luveeniu 3 neu llﬂll,ﬂ

A = .
1.54.1 a9UN 1 ﬁﬂ‘]&l'lNﬁﬂl’E]\?ﬂ%iﬂﬂ! reactive agent

M358 TPS

nailany glycerol 30 %wt

PLA

(2002D) Wa® IaeNature Work

UM 80 °C 24 hr. 9UT 60 °C hr.

wau 14 internal mixer
135°C, 15 min

@1 MA# 0, 0.1,0.5 uag 1 phr

wary lu internal mixer
160°C, 15 min
03 MAN 0,0.1,0.5, 1,2 1ag

3 phr

a 4
UANTIEH final torque
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19383 TPS
nauuilady glycerol 30 %wt PLA

(2002D) Wan lagNature Work

91N 80 °C 24 hr.

9UN 60 °C 24 hr.
waru 11 internal mixer135°C, 15 min

wnuae 11iAY reative agent

Wunaz Ay reative agen|

=

A 4 A 4

wau 14 internal mixer

160 °C, 15 min

l

2 Yy g 1
Vustared U In 25cm.x25 cm.AY

U

U1 0.5 mm.

fe compression molding 160 °C

l

a 4
UNT1EH SEM, tensile testing 401& Molau tast
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a 4 a 4 o 9 . { o 1
an uag L‘V]’E]iillWﬁTﬁ@ﬂﬁ@TiG]f NMINITHAUAIY twin-screw extruder‘ﬁ@@]‘i'lﬁﬂu

10:90,30:70,50:50,70:30 tia% 90:10 Iag1inHiin

w3gy  TPS
nauuilafy glycerol 30 %wt PLA

(2002D) wan IagNature Work

21N 80 °C 24 hr.

UM 60 °C 24 hr.
wau 11 twin-screw extruder

i temperature profile 80-135 °C

1A reative agent

A 4 A 4

wau 1y twin-screw extruder

i temperature profile 100-160 °C

l

dg! Y I 1
VusUaad U ILIn 25ecm.x25 cm.AY

U

U1 0.5 mm.

fe compression molding 71160 °C

l

34A312H SEM, tesile testing , DSC 118 MFI
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uag 1Ay maleic anhydride (MA), coupling agent,thermoplastic starch (TPS) 1ae
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M3 1¥compatabilizer UM aa18AINANI pure PLA 11ag PCL
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IN® re—crystallization U®Sthermoplastic starch a4 WAz U5V FenuaIIA 1Fanaldansn
9 Y a Y a 4 9 a o o Y A o
T¥1ulaesednate  Taswarad lawesviah ldinawuse laTasnunuuilalase: ldinany
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NN 3. 1 FTIR Y84 starch GI'NG](a)Native starch[33] (b) Acetylated starch[33] (c) Acetylated



3.12 n31%0350@ (Glycerol)  ANWUIANT 99%

Laborchemikalian, Lot.70160, Germany

OH

Ho\)\/OH

A Y = =
NINN 3.2 IﬂﬂﬁiN‘ﬂN!ﬂiﬂlﬁNﬂiLGBE]SE]Q
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NUTHN Sigma-Aldrich

3.1.3 leseonlud Perkadox 91NUFHN Akzo Nobel bis (t-butyl-2 peroxyisopropyl)

=~ Yy 9 A R Aa A A 0
1,3 benzene UANULUNUU 40 % NATIBIN 2.5 UIN N 180 C

CH3—

NN 3. 3

3.1.4 Ma

TH3 C|ZH3 CHsj

C—0——0——C——CH,

| | CH,—C——0——0——

CHs CHs

Taseas1amaniived bis (t-butyl-2 peroxyisopropyl) 1,3 benzene

leic anhydride (MA) #an 1ag 158N Fluka
Assay 2 98% (NT)
Mw. = 98.06
m, = 52-54°C

00—~ __0

NN 3. 4 TA598519N19ATU89 Maleic anhydride
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3.1.5  Polylactic acid (PLA) PLA n14lunisnaasuilu PLA (2002D) wanlae
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o
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CHj |

n

A9 3. 5 Tasead1ananiives Polylactic acid
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3.2.1 Lﬂﬁ@\‘]WﬁiJll‘U‘]Jﬂﬂl‘l]ulﬂﬁﬂﬂNﬁﬂﬂ@@ﬂllﬂﬂl!axiﬁﬂﬁﬂﬂ RIYNAU 31NA
I Yy Y A a o g A = Aa aa o 3 a dy

!ﬂu@ﬁi’mlW@ﬁ’]u?ﬂﬂu NTOINANNAIING 105 HaaaAT Qﬂﬂimﬂﬁﬂ!ﬂu%uﬂgﬂ!ﬂﬂﬁ (cam

o 9 [ ~ 3 [ o ' o
type) 2 @uﬁuulm’]ﬁ’]ﬂuiﬂfliJﬂ'NiJ!.ﬁ'Jﬁll‘!ﬂ'liﬁi?!ullianﬂu (@a31dU 1: 1.2 ) ansedsy

< a @ Y 1 a o

ANUITINTHYU 0 - 100 5oV/ANT gunginruguuazliyldauagunginesd 250 °C uag

u

Usuldazidenana 1 °C

ANAN 3. 6 1ATeHaNLLUTA (MX 105-D40L50, Chareon TUT)

3.2.2 17304 twin-screw extruder g'u SHJ-25 Uszmau

3.2.3 10304 compression molding INUIEN Labtech Engineering
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= 4 . .4 = 2 L
NINN 3. 7 1799 compression molding mi%’“lumsmugﬂ%mmmaau (Labtech Engineering)

3.2.4 1A504NATDY Fourier Transform Infrared Spectrophotometer (FTIR) 1

UTHN Bruker Optic ‘; U Vertex70

NN 3. 8 1AS04 Fourier Transform Infrared Spectrophotometer (Bruker Vertex70, Bruker)
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3.2.5 Lﬂ%@ﬂﬂﬂﬁﬂﬂﬁnﬁﬁ@ﬂﬂ’ﬂu%}’ﬂu Differential Scanning Calorimeter (DSC)

91MUTEN METTLER TOLEDO 31 DSC]

NN 3. 9 1A304 Differential Scanning Calorimeter (DSC1, Mettler Toledo)

3.2.6 1A309NATOUTUFIUINGT Scanning Electron Microscope (SEM) 91013 HN

Cam Scan 31 MX 2000

WA 3 10 19309 Scanning Electron Microscope (MX-2000, CamScan)
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3.2.7 IAT0NNATOUANLAITING Universal testing machine 910U3HN Hounsfield

Uszimaingy

AINA 3. 11 1394 Universal testing machine (H50KS, Hounsfield,UK)
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a a a 14 a 14 o . { o [
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d
3.3.1 Anvnaves3mnaisuenneaun
33.1.1 wawudlinundesoanysuim 30%wtluganaraanlaldidinn
' X 4 0, S| a a a A o <
wazev'lannuAun 80 Hunal 24 ¥u. uazeuweauanAnLRANT 60 °C 1Wual 24 wu.
1 = o
HUREINY
o Y a a a A 1 dy Y Aa
33.1.2 twilawazneduandnueaniiiumsey lannuyuuduansuen
A S a o = a 9 A A
AenuduaazriaadlTasrzmmsdnyimaveafSua MA Tagazld MA NS
a EY a a a ) = 4 4
0,0.1,0.5 wazl phrdvasluuils vazweduandnuedn uazsnmsaneiwavealesoon lua
1 o 1 4 4 4
Taeldndsauna 0,0.1,0.5,1,2 uaz3 a1y luuila SJuina nesacorque)iionanilasulyl Tag
Aa o @ o v a a a <
Idgungiin 135 °c nuudls uaz 160 °C AuNeALAAANLEAN ANITITOV 80 rpm 1H11a1NS
=
Ha 15 WA
) =3 a A =S d 1\ a
3.3.2 MMsfin¥INaveImfNsueaiRIUAIAaz YA
= o a 4
3.3.2.1 630003 lunaadnansy
neruuilenundimeseanisum 30%wiluganaraanlaliinuuas
1 A 4 0 S a a a A o <
au'lannuaun so e 24 wu. wazeuweduandnuedni 60 °C Wumai 24 awu.

[] = (% o Gl Y a [ d' d‘ a d‘ a
FUREINU Tasazinsias ouulea uriaaan13 19N 3.1 “I,umimwﬁmmuﬂﬂmmwgu

135 °C AW52301 80 rpm 1HIaIMIHaN 15 W1
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ATNNN 3. 1 LLET@Nﬂﬂﬂﬂi%ﬂ@ﬂﬂlﬂ\?ﬁ1iﬂl@hﬁluﬂﬁmiﬂiJmEJiIiJWﬁWﬁ@]ﬂ’ﬁ@ni%

Sample name Glycerol(%) Reactive agent
TPS 30 -
maTPS 30 MA*
perTPS 30 Peroxide*

~ | I a a A A
*ﬂ?.mTl’;l!i!,l,’elﬂ‘VI‘WLEJLi]‘L!G]‘VILG]iJ%ZWi]'Iimﬁﬂﬂlﬁilﬂmﬂm‘JﬂZ’l;TlIiﬂﬂGlE]‘LWl 3.3.1

3322 195300 INANTSHINNOALAAANLDANUAZINGS lunadandass
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o a a a % o a 4 1 @
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= A a A a o < 9 =
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{ 4 1 a a a J a
A15199 3. 2 HEAIDIAYTLNOVVDIVDINANTEHINNDALANANLDANUAZINGS LUNaIdAnN

@
[3(2MPR ]

Thermoplastic starch

Blend with PLA
type
Sample name
MA Peroxide
30%wt
(phr) (phr)

TPS-MP TPS * *
MTPS-P maTPS - *
MTPS maTPS - -
TPS-M TPS * -
PTPS-P perTPS - *
PTPS perTPS - -
TPS-P TPS - *
Phy TPS - -

~ ~ I A a A A
#1FUUTHOAN WD UATIANIENITUNUT I UNHVIZTUINADUN 3.3.1

3.3.2.3 1958UA20814

]
o w ] =

Y v
whdred i IdvinmswanTUyugide compression  molding 0

Y
gaungi160 "CTRFUUTVLIA 25cm x25 cm.AWHLT 0.5 mm,

3.3.2.4 NAFOUANLAA1)VOIETHAL
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33241 WmsAnudugiuine Tasthduauildannmseaylu
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=Y 1 %’ v 1 U 1 { 1 90} o 1
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4 [ = o A o a a a 2’, o A Y Y
Aao 151e5Y 3 U IFUALINY (NoANANDALANANLBANDDN INUUTINTAAOUAIINDILA?
° 4 Ja v . .
i hAnudaon3099aNn T IMIDIANATOUIUVEDINTIA (Scanning Electron Microscope, SEM)
YBIUTHN Cam Scan J1 MX 2000
o = ) a o ay d‘g I ]
33242 mimsfnuautamadana Tashyuaunyugiilusdy
v 9 . 2 < A
WdARY die cutlasvuiaruauduldany ASTM D638 type IV usei ¥ lumsnaaey 5 kN

@ < 4
#88A31139 5 mm/min AIYIAT O Universal testing machine

AINA 3.12 FUY dumbell NAAAIY Die cut 9113 ASTM D638

3.3.2.4.3 MsaAnkaniansazas (modau test) Iagn151i
Qy A 4%‘ I ] v a3 Qy I g o o ]
Fuamdumsvughiudu dadludFu@nuung lom. X 1 cm. Wwiin 0.5 n5u ag sy

J ' v
aao 15Wo5u511A5 50 cm’ 24 yu Azl euiieuanuyuvesasazateh Ia

o wAa d a a a d
333 MMSANHIaNIA YaIIueANNILANAIZHIIINDAUAAANIDAN LAY (MBSIN
d o $ U
WANGANANIZY MNIHANAI twin-screw extruderidNIIAIUA)
= 4 a J
33.3.1 9590005 lunaaananiy
HEP g o a
nauuilsnundesoandSuim 30%wt Tasriinluganaraanlald
Y o 1 X A o <3| a a a A 0 <
W uazeu lanuaun 80 °C lunal 24 %1, tazsuwdALARANLBANT 60 °C 11unal 24
1 =y (% o ~ Y a [ ~ . ~
¥ uReInu Tagazimswseuudlaauyianan1san - 3.1 lutwin-screw  extruder 9
ad = o o < o v @ &
guHNiAAfeed zone 9 2 die 80-135 °C ANWITITOV 100 rpm tazii lamiludia

1 a a a J a J
3332 Lﬁ%ElllellﬂxiN’fm531’T’JN‘WE]ﬁLLﬁﬂG]ﬂLL’EJﬁTILLQZL‘I/]’E]iTSJWﬁ1ﬁ'G]ﬂﬁ@n‘iﬂf
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o a a a Y 4 a J 1
HneauanAneANNINGNNUINBS IunaganaasvavaIndseney

[ { 1 o ' g’u @ { @ 1 a a a o
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a

waaAnaMIwAel 10:90,30:70,50:50,70:30 az 90:10 1u twin-screw extruder NQavgil

U

g = o o g ° o g <
ARIfeed zone DN 113 die 100 160 C ANULIITOU 100 rpm uazuﬂﬂ@mﬂmm

{ o 1 2}.1 a J
GﬂiNﬁ 3.3 ummﬂmuuazﬂlumumimf‘maﬂﬁwmmuﬁ

MS PLA/acetylated TPS
Material
Glycerol MA Peroxide MA Peroxide

(%) (phr) (phr) (phr) (phr)
Phy 30 - - - -
TPS-MP 30 - - * *
MTPS-P 30 * - - *
PTPS-P 30 - * - *

~ ~ I A a A A
+1[FIasueanneuATANIENTaNNYTINUNHIZENINAUN 3.3.1

3.3.3.3 930UA081
H 4 1
dreg1an IanmswanlUugaae compression  molding
Y
gutii160 ‘ClAFUNUTYUIA 25cm.x25 cm.ATWWU 0.5 mm,
33.3.4 NAADUANLAAINVOIA1THEY
o = [ a o A d' 9
33341 shimsanuduguine Tashsuaunldnnmsnauly
] < ' '
twin-screw  extruder tagNyugthiuunu Tduslululaswumaindrdlduandredon

o ¥y o 2 a 1 I 4 @ ) o
wm%muumﬂ)’mmmnmi@mmﬁlﬂwﬂu HCI 1 N Wuan 3 Gﬁﬂlﬁ@ﬁﬂﬂll‘ﬂﬂﬂﬂﬂﬁ']ﬁiﬂ
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= = d 1 1 d A ) .

4.1.1 wavesSinaSueniineaunneninesa lunaseanwannuuia (internal
mixer)

Aa o dy ) A A I =1

Tuarudtetimmswaulwasosnauuvuida 1uiar 15 winlagee
=Y i A a a a 4
WieuneudSui maleic  anhydride  (MA) auad 1) luneduananedn uazmes Ty
a 4 A 4 PPN a a

WAAANEA1IY 1 0,0.1 0.5 1az 1.0 phr tazlsuna ileseen lsanduas 1 luneduandnue

an uazmes Tunaradnaasai 0,0.1,0.5,1,2 1ag3 phr

Torque at 135 °C
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E 10
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3 _ A e e et
=3 E J o E
8 _ TPS+MAD0.5]
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0 100 200 300 400 500 00 700 800 S00 1000
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Torqueat 160 °C
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CH,OH
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, (o
HO 0—--
OH

A 4.3 URnsenmsaade Tsued TPS 1Hoa0IN{R381 hydrolysis (a) Hagzilfnaen

glucosidation[10]
O
CH; O )5\
nnn;O—‘—Ln.ﬁ.n, * [ O B ——
RN ]

MWD 4. 4 RT3 graft Y93 MA DU 19 Tuanaved PLA[34]
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1 Y v
M1 4. 1 HAAIdATIUIAZTUADUNTANT HDAN WD UANOATIAIUT0:30(PLA “TPS)U

9 9
VUABUIAYY AT ADITUADY

YUABUMISIAIEN TPS VUADUMIILAUANY PLA
Sample Peroxide
Glycerol MA Peroxide MA
name (phr)
(%) (phr) (phr) (phr)
TPS-MP 30 - - 0.1 0.1
MTPS-P 30 0.1 - - 0.1
MTPS 30 0.1 - - -
TPS-M 30 - - 0.1 -
PTPS-P 30 - 0.1 - 0.1
PTPS 30 - 0.1 -
TPS-P 30 - - - 0.1
Phy 30 - - - -
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=8 wa (Y] a a A = d =
4.2.1 ANHIANUANNTUZIUINE (Morphology) ellﬂﬂfﬂﬁ!ﬂ&lﬁ!!ElﬂﬂW!ﬂ!i]uﬂGlu‘iZUUi

d 4 o o
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M54 4. 2 PINENY SEM ¥99ILANMLAUATZHIN PLA 1 TPS (8a31a7u 70:30) 1u
d‘ a di 9 . =1 é a a g‘/ .dl 1 [}
wsoanaNuuua 1o l% reactive  agent tesvidsyatazanluTuasuNuanA19nY

(MAIVE18 500 111 20 pm)

Y Y v
VUADUL VUADUN2
Reactive agent

(add in Prepared TPS step) (add in blending step)
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peroxide
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{ 1 4 1 [ [ [
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- ‘ Morpology
name 1384 TPS N1tuauUa
PTPS-P peroxide peroxide
MTPS-P MA peroxide
TPS-MP - MA-+peroxide
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a o a 14 o <]
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H ] 4 1 [} [} 1
A13199 4. 4 NIND18 SEM U843HoATNNILANATEHIN PLA A1 TPS (8931834 70:30) 1u
A a 2 @ ] dzl Y . . A b . =
mﬁmwﬁmm‘uﬂmmmmmmamwugﬂma compression molding 11019 reactive agent I(W8N

v Y H
nilastiauazianluruaounuana1eny (fﬁ@\‘]ﬂl‘t’ﬂﬂ 100 111 100 pm)

Reactive Stepl Step2
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M13197 4. 5 NINE18 SEM U995L0ATNNUaUATENI PLA 1) TPS (8931871 70:30) Tu

A a 2 o 1 d%/ Y . . & 9 . g}"
mimmemJuﬂmmwmmmamwugﬂmﬂ compression molding 1101 reactive agent

kS v
goariatazianluiuaouNuanA 19U (ﬁ'IEN"UEJ'IEJ 100 111 100 pm)

Morpology

Step1 Step2
Sample
(add in Prepared (add in blending
name

TPS step) step)
PTPS-P peroxide peroxide
MTPS-P MA peroxide
TPS-MP - MA-+peroxide
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= wa a a a =~ d ~ =~ d A
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R }
20 1 %
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1.0
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0.0 T T T T T T T
Phy MTPS PTPS TPS-M TPS-P MTPS-P PTPS-P TPS-MP
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4' 2 a A Aa A = o 3’; =
MNN4. 6 LLZ‘WNﬁﬂJiJ@]‘VINLGINﬂﬁ51]’e]Qi$iJiJ‘1/]3Jﬂ”lilmJil,L’f)ﬂVIWL’e)ﬁlu@ﬂuu‘Ll‘]_IGU‘L!G]’E]LIMEJ’J e

A09UUADUTensile strengths (a) Elongation at break (b)
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1400 -
1200 -
E 1000 - ] B
: + : :
© 800 - * i |
-§ 600 -+
s
400
200 -
0
Phy MTPS  PTPS  TPS-M  TPS-P MTPS-P  PTPS-P  TPS-MP

A ' Aa a A ~ o 2 A 1 [
NINN .18 LA modulussll’f)Q33‘]J‘]J1/]llﬂTim1J‘iLLEJﬂVIWL@L%Uﬁiuﬂluﬁﬁ)uﬂLtﬂﬂﬂNﬂu



104

A1319% 7.2 FUUAFINAVDI PHY NoA5183110-90%wt NWau 11 twin-scruew extruder

A1319% 7.3 FUUAFINAUDI PTPS-P NOAT 183U 10-90%wt NAa 1U twin-scruew extruder
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13197 7.4 FUVAFINAVDI MTPS-P NOAT 18U 10-90%wt NEad 1 twin-scruew extruder

Q13199 2.5 FUUAFINAUDI TPS-MP NOAT1AIU10-90%wt Nead 1 twin-scruew extruder
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{ A J ' a a a J a
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A3 FNOATIAIU (PLA-TPS) 10:90 59 90:10 %wt Iae1i1miin 1 twin-scruew extruder

T Te Tm AH

q
(°C) (°C) Twa Tumz AHn, | AHc
(°C) (C) | (g) | (/9)
PLA 55.48 | 105.2 | 146.79 | 154.6 | 27.53 | 30.55 29.41

PHY 10/90 |56.16 | 88.1 | 133.93 | 143.85| 3.54 | 3.08 37.82

PHY 30/70 | 59.41 | 86.86 | 133.51 | 144.15 | 14.94 | 4.06 53.21

PHY 50/50 |53.95|89.95| 136 |146.35]|20.37 | 9.13 43.53

PHY 70/30 545 | 91.95| 137.2 | 146.97 | 29.49 | 3.58 45.01

PHY 90/10 | 54.57 | 98.29 | 139.54 | 14998 | 36 | 23.18 42.74
MTPS-P 10/90 - - 136.13 | 145.37 | 2.58 | 1.46 27.56
MTPS-P 30/70 | 56.25 | 90.87 | 134.95 | 144.11 | 9.92 | 3.06 35.33
MTPS-P 50/50 | 58.9 | 95.03 | 138.88 | 148.57 | 19.96 | 0.00 42.65
MTPS-P 70/30 | 59.33 | 95.79 | 139 | 148.16 | 27.59 | 8.24 42.11
MTPS-P 90/10 | 54.59 | 95.46 | 139.6 | 149.63 | 36.89 | 16.02 43.79
PTPS-P 10/90 - - 135.65 - 1.35 | 0.00 14.42
PTPS-P 30/70 | 55.75 | 90.03 | 134.54 | 145.54 | 9.76 | 2.06 34.76
PTPS-P 50/50 57 19212 | 1379 |147.19 | 20.32 | 0.00 43.42
PTPS-P 70/30 | 57.32 | 94.85 | 136.7 | 146.76 | 8.14 | 3.00 12.42
PTPS-P 90/10 | 55.57 | 92.46 | 139.6 | 149.57 | 31.49 | 26.72 37.38
TPS-MP 10/90 | 57.32 | 90.25 - 144.66 | 3.48 | 0.00 37.18
TPS-MP 30/70 | 55 |84.94 | 132.2 |142.48 | 8.29 | 4.28 29.52
TPS-MP 50/50 | 58.32 | 92.78 | 137.36 | 147.16 | 21.46 | 1.63 45.85
TPS-MP 70/30 | 55.16 | 94.77 | 138.2 | 146.54 | 27.70 | 10.50 42.28
TPS-MP 90/10 | 54.79 | 92.71 | 139.3 | 150.56 | 34.92 | 22.17 41.45

sample %Crytallinity
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Compatibilized Polylactic Acid/Thermoplastic Starch by Reactive Blend

Jirawat LEADPRATHOM, Supakij SUTTIRUENGWONG"",
Poonsub THREEPOPNATKUL™and Manus SEADAN®

! Department of Materials Science and Engineering, Faculty of Engineering and Industrial
Technology, Silpakorn University, Sanamchandra Palace Campus,
Nakeorn Pathom, 73000, Thailand
< National Center of Excellence for Petroleum, Petrochemicals, and Advanced Materials,
Chulalongkorn University, Bangkok, 10330, Thailand
* Department of Physics, Faculty of Science, Silpakorn University, Sanamchandra Palace Campus,
Nakorn Pathom, 73000, Thailand

Abstract

The aim of this work was to study reactive blending of polylactic acid (PLA) and thermoplastic
starch (TPS). Two types of TPS, one with reactive agents and one without, were prepared by mixing 30wt%
of starch with glycerol m twin screw extruder. The as-prepared TPS was blended with PLA together with
reacltive agents m twin screw extruder. The blend ratios of PLA:TPS were 70:30 and 50:50. The samples
were characterized by tensile testing, scanning electron microscope (SEM) and differential scanning
calonmeter (DSC). For all blends ratios, the tensile strengths of PLA/TPS reactive blends were lugher than
the physical blend of PLA/TPS. When compared the same ratios of the blend (50:50), the system consisting
of PLA, TPS prepared without reactive agents, maleic anhydride and peroxide exhibited the highest %astrain.
The differential thermal analysis indicated that the erystallization temperature of the reactive blend of
PLAJTPS shifted to a lower temperature compared to the physical blend of PLA/TPS. This suggested that
the compatibility between TPS and PLA was improved for the reactive blend system. Most of PLA/TPS
reactive blends showed the better water resistance compared to the physical blend of PLA/TPS.

Key words: Reactive blend, Polylactic acid, Thermoplastie starch

blends inchided poly(3-caprolactone) (PCL)Y, poly
(ethylene-co-vinyl aleohol) (EVOH)™, polyolefins,
and starch Among those blends, the compatibility
becomes a key factor. The adhesion between two
polymer matnces can be noproved i many ways
such as using compatibilizers, grafting reaction and
reactive blending.

Introduction

In the last two decades, concerning over
the environmental issues and depleting oils have
grown. From polymer science points of view, the
materials denved from renewable resources and
biodegradable are favored to address the above
problems. Moreover, finding new raw material

sources, unew polviners and the adjustment of
material properties are major challenges for
material scientists and engineers. Although using
Inodegradable polymers have many advantages,
sowe properties need 1o be adjusted for broademung
their applications.

Many studies have been carried out for
modifymg the properties of biodegradable polymers
such as polylactic acid (PLA). The blending of
with various polymers with PLA is one of the most
popular choiees in order to improve its properties,
at the same tune bring down the product cost. The

In case of the system comprising polylactic
acid (PLA) and thermoplastic starch (TPS), the
mterfacial adhesion may be unproved through the
grafting of maleic anhydride onto PLA. ITowever, the
adding of MA could have an adverse effect due to the
chain scission.”” Therefore m this work, the effect
of the addition of the small amount of MA. with
and without peroxide, on the properties PLA/TPS
blend systemns was mveshgated. The blending
ratios PLA:TPS of 70:30, and 50:50 were selected.
The mechameal properties, morphology  and
thermal properties of PLA/TPS reactive blends
were studied.

*Corresponding author Tel: +66 3421 9363; Fax: +66 3421 9363; E-mal: supakyj@su.ac.th
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Materials and Experimental Procedures
Material

The PLA (2002D) was puchased from
Nature works"USA. Tapioca starch (modified) was
kindly supplied by Siam Modified Starch Co.. Ltd
(Masntamajitai).  Glyeerol  (999%) and  maleie
aulydnde were purchased from Fluka. Peroxide
(PERKADOX) was supplied by AkzoNobel.

Table 1. Sample code and blend compaosition.

TPS blend

Material Cﬁ‘;;"l {;:::) Per | PLASTPS {:kl\) [11:1?:
TESMI 30 5 - 7030 | o1 | o1
TPSM2 30 S = seso | o | oa
MTPS 30 0.1 5 £0:50 s 0.1
PIPS 30 = 0.1 50:50 . 0.1
PHY 30 = = 50:50 - -

Preparation of Thermoplastic Starch

Starch. glycerol with and without reactive
agents were nuxed as shown in Table 1. The
mixture was transferred to lugh speed nnxer at 30
rpm. TPS was prepared in a twin screw co-rotating
extder (SHJ-25. China) with a temperature
profile 80-120°C at screw speed of 100 rpin.

Preparation of PLA/TPS Reactive Blend

PLA. TPS and reactive agent (Table 1)
were melted blending m twin screw co-rotating
extruder (SI1J-25, China) with a temperature profile
100-160°C at screw speed of 100 rpm. In case of
samples denoted TPSM1-2, MA and peroxide were
added in the PLA/TPS reactive blend step whereas
MTPS and PTPS were prepared without MA
addition 1 the PLA/TPS reactive blend step.

Mechanical Properties

The reactive blend pellet was compressed
using compression molding at 160°C, sheet 20 em
% 20 em thickness of 0.5-1 mm according to ASTM
D638, The tests were conducted by using universal
testmg machme (LR S0K.LLOYD Instument). with
speed of 5 non/mimn.

Maorphelogy

The fracture surface of specimens was
sputter-coated with gold for SEM observation.

Thermal Properties

The sample were scanned form 20-200°C
with the rate of 5°C under nitrogen gas. using
differential scanning calorimeter (DSCHMETTER-
TOLEDO.DSCI).

Solubility Test

Iwt% of sample was dissolved in chloroform.
The physical appearance of solutions were
observed and captured.

Water Resistance

The sample size of 1x1 em® was cut and
unmersed m distilled water. The SEM muerographs
were taken after 3 months.

Results and Discussion
Mechanical Properties

The composition of blends with and
withoul reactive agents 1s listed i Table 1. In order
to compare the effectiveness of the reactive
blending, the physical nuxture of PLA/TPS (PHY
50:50) was also prepared. From Figwre 1 and 2, the
modulus and tensile strength of PLA decreased
with wereasmp the TPS content, but %estain inereased.
This may be due to the presence of more TPS
content, which led to more ductile behavior. When
comparing at the same ratio of PLA/TPS 50:50;
MTPS, PTPS, TPSM2 and PHY, the modulus of
MTPS, PTPS and TPSM2 was higher than that
PHY. TPSM2 represeuted the lughest ®ostram. Tlus
could result from improved phase adhesion between
PLA and TPS.

7 12

= modulus

| M % strain
&8
re
ba
- 2
PTRS PrY

PLA TPSM1  TPSM2 MTPS

6

% Strain

Modulus{GPa)

@

Figure 1. Modulus and %estrain of PLA PLATPS
reactive and physical blend.
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Figure 2. Tensile strenght of PLA PLA/TPS reactive
and physical blend.

Solubility Test

To prove whether the mteraction of PLA
and TPS exists, all samples were dissolved i
chloroform. Without a good phase adhesion, TPS
would float on the surface of the chloroform rather
than well-suspended in solvent. From observation
and Figure 3. the solution containing TPSM2 was
most twbid. The TPSM2 solution consisted of
suspended particles whereas the PHY solution was
rather clear. This suggested that the reaction of
reactive agents with PLA and TPS could occur in
TPSM2. However, for MTPS, where MA added in
TPS preparation step. the mechanical properties
were not improved. The tensile strength of MTPS
was comparable to that of PHY .

Fignre 3. Solubility test.
Morphology

From SEM micrographs (Figure 4 (a)-(d)).
the micrograph of PHY presented very clear phase
separation (indicated by arrows), and hence poor
mterfacial adhesion (Figure 4(a)). The phase of
PLA/TPS was unproved for MTPS, PTPS and
TPSM2. However, the surface of MTPS exhibited
the brittle fracture (Figure 4 (b)) whereas the fracture
surface of TPSM2 showed ductile behavior (Figure
4 (d)). The resulls were m good agreement with the
mechanical properties.

(c) (d)

Figure 4. SEM factue surface of tensile testing (50:50):
PIY(a) MTPS (b) PTPS (c) and TPSM2 (d).

Thermal Properties

The DSC thermograms describimg  the
recrystallization behavior indicated an important
supercooling effect for PLA as found elsewhere,* %7
The recrystalhzation of the PLA phase was
interrupted in the reactive blend samples as the
recrystalhzaton peak slufled to lower lemperature.
(Figure 5) The ecrystallization temperature (T.) of
PTPS, MTPS peak shifted to lower temperature,
while T, of TPSM2 peak even disappeared. This
result also confumed the mnprovement of phase
adhesion.

Figure 5. DSC thenmograms of PLA and reactive blend in
cooling step under nitrogen at a cooling rate of
5°C/min.

Water Resistance

The samples of the same ratio were immersed
in the water for three months. The micrographs of
the surface were capiured (Figure 6). It could be
seen that TPSM2 surface was smoothest. MTPS
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micrograph showed the holes on the surface due to
the leaching of the starch particles. This resulted
from the poor interfacial adhesion between PLA
and TPS phase. The surface morphology of
TPSM2 presented smooth surface, thus good water
resistance with good nterfacial mteraction between
two polymeric phases. From Figure 6(c), the crack
together with the hole on the surface of MTPS
sample indicated the poor water resistance and
poor interfacial adhesion between two polymers.

Figure 6. SEM surface of sample was immersed in the
water for three months (50:50): TPSM2
(a) PTPS (b) and MTPS {c).

Conclusions

The reactive phase adhesion between PLA
and TPS was improved by adding reactive agents.
The addition of reactive agents into the PLA and
TPS showed improvement in the mechanical
properties and phase adhesion. TPSM2 represented
most improved phase adhesion.
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