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Executive Summary
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Abstract

Study on the mechanical properties and biodegradable properties of PLA

covulcanized with chloroacetated natural rubber

This research aims to enhance the compatibility among starch rubber and PLA and
mechanical properties including the impact strength of PLA by creation the interface interaction
and/or the chemical bonding among starch, CNR and PLA. From the morphology study, it was
found that three phases of starch, CNR and PLA are compatible. On the other hand, addition of
starch and CNR was found considerably reduced the mechanical properties of PLA less than starch
and natural rubber without chemical modification. It was found that the mechanical properties of
PLA/CNRO35ST films after weathering test mostly did not reduce except the elongation at break
of PLA/CNRO035ST30 =50:50 after weathering test reduced lower than those before weathering
test. It was remarkable that starch and masterbatch of rubber mixed with starch increased both
rates of water vapor transmission and oxygen gas transmission rate permeability of water vapor
and oxygen gas and the biodegradability of PLA.  PLA/CNRO035ST50=60:40 and
PLA/CNRO35ST30=60:40 were able to biodegrade to the maximum 31.6% under the
biodegradable temperature at 37+£2°C for 58 days and the maximum 60.9% under the
biodegradable temperature at 58+2°C for 52 days, respectively. However, as a result, the formulas
of PLA/CNRO35ST30=60:40 PLA/CNR035ST40 =60:40 and PLA/CNR035ST50 =60:40 have

potential to be further developed on the use as mulch films for agriculture.
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oc iluan 3 s, 1dadiunsaoiinuaz TaTasiouaoos

FITUPAMIA VY 1.00:0.25:0.25 1182 1.00:0.35:0.35 AINY

1
=

a aa a I [
aemsiaunsanas 1oz dan Neuugiivouilunal 1 .
o1 liute weunamoulassadnluanataznagoun

= Il du A a é’ wa ara 24 1
Psmaylenduineiu aaenauduianeild@ndou o wu

T,

G a %I a = a
2. 193 eNN AN uuNTe1e Taemaauuiaasluiine1s CNR | madyuail aasinernaas uos.
= [ A dy Y
Tuf31100a199) D 10%, 20%, 30% A 40 % Yoo 1aD
o 14 s
M1t Idenanamesuusi (CNR/starch) lumsnaasa
9 2 v
duasuilaziimsanliuanyesHanimuizauny
UFuaudanldlugreardsuiadaiag el inaiuse

iwou Toa Turanaeameutlaazvg i lwauiu PLA o 'l1l

= =K aa d' a =) a 14
3. AnEInIsmMsHazancivuizanlumsnay 819 | MAIVUAN AULINGIFNTAT UIT.
o @ a o 1 1
MEAABS NG CNR/starch 11 PLA TufSunardaaiuaies
A Y L§ .
A9 30,40, 50 uaL 60% laelF¥IAT0I Internal mixture NATOU

A1 MFR (g/10 min)

4
4. fAnp109Ismsuaz a1z lun1s¥ugile1s CNR/starch 11 | madwundl aazinemeans uos.
PLA TuSinadaaiuaranedeuain 4o 3 TasmslHaTes
compression molding ot lnaaevauiaFanavazauia

' 4 o & o 4
nannudou ae'liuaz Iael#in309 Extrusion Hudluildw e
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ilinageumsdesaaieniadinmlasmsdinauau miga
¥ [l H .

% UUT (water absorption) MIFUFIUVDIUN (water permeation)

AT FUAIUVDIDONFHIIU (oxygen permeation) USuauaIde

WY (light transmittion) gl

wa a wa S
5. ‘1/]ﬂﬁﬂ“lJf;Tll’U@'lHNﬂmLa%ﬁll‘iJ@WlNﬂ’ﬂll%}@u tazailu

WA VBIWAAANTININ PLA W1l CNR/starch

6. NATOUMIHOIAAIENNFINWIAIMIAINAVAY NIAATY
13:1 (water absorption) N3 @udwumm% (water permeation) N13
FUHIUVDIDDNFIU (oxygen permeation) U3 M B AT
(light transmittion) VY99 I9819Wa PLA/CNR/starch

7. msianageumsiianisoanaiiduiauaziuszinadl
WouToafifnTuves PLA narys CNR/starch ludadauiiaiiga
1/Seu1Meuiy PLA marudu CNR a810@e) Tasldinaiia

RPA 11a& Spectroscopy 1% NMR 11ag FTIR ua:aﬁmgm%m

Tasmaiin SEM

a a s
MAITUAN AULINGIFTAT WIB.LLAL

ﬂmgaﬁ’flﬂﬁﬁllﬁWﬁﬁgll"l]‘ﬁ.

MAIFUAN AL INGFTAS LD,
4 =\ 1
guénsussyiiuve Ine. uaz

1 a 1L
rhenensansanin 7.

a a o
MAIVUAN AULINGFTAT NVE.

' 9
M195199 3.2 519021000 a"mmumaumiﬁmm%ﬂ“lmmniamammm

v
(Y3 o

a a v a
VHADUNIAUUUNTTIDY NANIIN

A A
NIDULIAUADUN

k2
1AL 40% VYDUHDE

MAADSUUNT CNR/Starch | Aaao 13ozdianuanaiany aesalaslddadiu
nsadeiinuazlalasnuaee195IIUFIANINLY
1.00:0.25:0.25 14 1.00:0.35:0.35 1115810
a o 4 Aa I
WONFAFUNQUNAN 40 °C 1T U1A1 3 ¥, NAADL
A W a ' do A a 2 ]
sudunazfsmanylansuninasnlagly
mAilnA Spectroscopy az DSCYMIANLTlasly

118719 CNR Tu5unaa199 Ao 10%, 20%,30%

ganzimuzaylums Tag1%1AT04 Internal mixture NAABUAMER (g/10

=) o aan ~ Yy A ]
1. 1AT81813 CNR tay | Mgazennawssne1s CNR Tagldtafsuamy | 1,2,3,4,5.6

= =2 aa = =2 an =
2.A0HIDIIDNITUAY ﬂﬂ‘]&ﬂﬂ\i’l‘ﬁﬂTﬁllagﬁﬂW?gﬂlﬂllnlgﬁllsluﬂWﬁWﬁjJ 3,4,5,6
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WAL 819105 LUNY
CNR/starch " U PLA 1u
USnudadiuaien e 30,

40,50 11ag 60%

=2 =KX an
3. ANWIDIITMIILOY
2
annzlumsvyugilen
CNR/starch 11 PLA Tu

PSuadaaiuae

4. nagouaNIAFINaLAE
auian1anuTou tay
I =3 @
anuunan edugiu

e

5. ﬁﬂ‘]ﬂ?ﬂ?ifjﬂﬂﬁﬁ?ﬂ‘ﬂ?\i

s
FINN

x ' Y

A a a K 1
wouToalifindusznang
Tuiana PLA CNR uag uilq

wagAnyIodUgIUING

7. nagsvuanamnizlu
) I
SRR RREIAE ERRTTEIET
a @ a| o a
HaRAURNAUAQUAUNI

NIIINHANT

min)

= =R aa ds!
Anwinadsnisuazanirzlunisvuglens
NR/starch 7 PLA Tagns l41a3 04 compression
molding 1011 lUnagevautiaFinavaz auia
naanuiou aeluaz TaeldiaTes Extrusion
d A o ' a
Fuildu iiorih lnaaeumsdosaaisniadinm
v
Tagmsdanauay N15QATUY (water absorption)
: y , .

AT FUHIUYDIU (Water permeation) N1FFUAIY
V0I00NFIIU(oxygen permeation) USHauaans

WU (light transmission) ao 'l

naaouantAFInauazanianIenNudeuLaz
I = a A Y]
AN UKNEN VOINAITANTFINTN PLA WANNU

CNR/starch

Anyimsdesaalen1azinnlasmsdanauau

naae IaglHinAiARPA 1ag Spectroscopy b4
NMR tiag FTIR tazodagiuiner lagimaila

SEM

mﬁaums@ﬂcﬁuﬁﬁ (water absorption) MIBFUAIY
"lJ’t’JQ‘L}IW (water permeation) ATTFURIUVD
9ONFU(oxygen permeation) UTUBUUAITDIHIU
(light transmittance) U ® 3 frod1974a

PLA/CNR/starch

4,5,6

5,6,7,8

6,7,8,9,10,11

6,7,8,9,10

8,9,10,11,12
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UNN 4

wamsivanazenilsena

d d
4.1 MIAIBNET CNR HazInaInosuunyenananmila
f H o 1 Y g
mMsnaaneil 114 henatunen Tudled vazarsaiinlsnavuailu AR grade Tums
~ o o A S o ' A 9 9
IM38UNCNR LazudaesuNTFeHaunlee1s CNR Alivyianduasent mion1d lagld
% 1 %’ a I'4 4 A T W
0318181955500 La Tasaunlesoon lua:nsanosin MR 1.0: 0.5 : 0.5 TagTua
A A 901 a d‘d =) z&l 1 [
W39 1.0: 0.35 : 0.35 lagTualaesua1ni1e9s55uA 100.0 ¢ NS HauilagranIny
a I 4 g < =Y g}/
60.35% 1auaisazals laasoudns139919 1111na U (10mL:60 mL) /51195 70 mL 910%1U
A o I A ~
1w 35%wiv lalasnuleseanlaq 43.12 g uay 85%wiv nsanesin 24.03 ¢ nwaulunsie
[ 9 o aan a a % )\ ~ a I <
neneE19319 aunuamUfnsednensasuluszuuangungi 40°C 1iunat 3 ¥ Tug
Y o a 1a = ' aa I ~ 4 a S
wiowhmadarnyewend lasnisldnsanae Tsezdan ludSunaimuzaunuvydnend
Aa £ 4 Ay < 4 Y 2y Ay 4 v
ey Nguvgiives muwdurar 1 52 Tue asne 1 iNgungives 24 1 Tug vz laens
aq Yo ' H a P P Ja Vo
CNRO50 n3al l9on31a1u1ie1953sua: lalasnunlesoon lad:nsavosun minu 1.0
1 LY 1 < a
0.5:0.5 TaeTwa (ldf5unamgdnendininy 25% mol eg19lsnamldldnsanan Tsezdan
a ~ = ~ A A ~ Y o 1 %;/ a
TuaSuranneans UAeIne 12.5%) 50 CNR 035 1unsal 190a518 31U U181955TNH1A:
4 4 Jda 1 ] =y ]
leTasoulesoonloa:nsanesin i 1.0 : 0.35: 0.35 TasTua (laUSunamnydwend
e ? y r y
MR 7% mol) 1NN ULENEIE CNR 31011 1ABNITNTBY 319819 CNRA Taa181191 pH Vo4
?:I Y A I AA A 14 4 3’/ a 9 %’
hdnianudlunanlunsainessunamosuunveranauuil v @uuilsin Inaasluin
d' ~ Y v A =Y ~ a9 g’.} ny 9
19 CNR g5 o laniuii TuaSunan 20, 30, 40 naz 50 phr Ngmugies nauwazasng 13au
E4 Y d' = 1 1 -7 o
guazLasUAINUILENDBANIINYT NaTeY pH Vi IdnnmsuenTianniny 4 ims
1 = [T 1 < o %7/ ~
NIDAALANFUASINUAVMTNTOI819 CNR 08149 150011 Iavimsmaunilaasluiiensdun
Turumssilgazeraands TaseadreTuana (NR) Usingens bisunuudeiauuaz Ta

3 o ? = Il A A o = @
UUIAILINDDNIINUN m"lummmmmuﬂw NR NﬁNLLﬂQLWBUWNTL‘]ﬁEJ‘UW]EJ‘}Jﬂ‘UEJN CNR

waniuntala
4.1.1 wamanfSeuneulassadalaagavesens CNR waaiuudadnlna

= 9 1Y 9 a [
pan1sAny1InseaseTluanavese1s CNRO3S waunuutl Tasldimaiia FTIR 6
uanaluzif 4.1TaefnufFouifiournas19035 AUe19CNRO3s wauutls (CNR035/ST) T

a 1 3}_, 1 = d'dg@/ I ] 9 A 49! [
YSuruaae aaua 20, 30,40 83 50 phr VU uuiuIasly tnTevugluvvda

A

1 Yy 9 1
(Compression molding) gl 150 "C NatiNefn¥IHAYDIQUHINLUTINTzAL/MT0
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BUATNIE1 391MI19019 CNR nunteninwamsany Insed3 199019 CNRO3S inaunuuile
H 1 1 g {

412 Tna (Starch) ; CNR035ST 91 11 1ar1un15ugl (U 4.1 ) fFeuiionTaseada
o X A 1 A A 9 ]

Turanaved CNRST wasyugl (517 4.1 B) wu1 19 CNRO3SST Hifinued Iasaed 190 amy

= 4 A A J = 1A . 1 A

8ime3 (C-0-C) MAVAAUTZHIN 1016.09 D9 1017.80 cm™* Tifi1 Intensity ganI1619 CNRO3S 0

linauntd vazdanuIaseadrany leasond (-oH) Mavndusz NI 3296.36 14 3402.37

Y
cm’ ¥99919 CNRST Ha4n154u31%aA1 Intensity anas naaadansinal§asenss ninamy
a [ ] = 1 yA = 2=
aanlsezFanuess1anvy lensonduouils dewaldfinues C-0-C voanydimoslial
Y v
Intensity gYUUUIBY

CNRO35

CNRO35

15944//
759.
Cc=C

1662.74

Starch Starch

739.72 N

i

OH

Gidis 133474/
c-0-0

3286 .47

CNRO35/Starch 20 phr

Transmittance (arbltrary unit)

CNRO35/Starch 40 phr \

——— v 'C-0-C

CNRO35/Starch 50 phr c-0-C
=0 /‘ J‘ II_J.a:Lv :6
2 172076 C=C i | )
o | - ~
20 c-ct k 1660.018| § § | Y] cct
‘ IR RER
c-o0Cc 0 { | 704.57
1017.30 c-oc }

1019.24%
L] L] L] L] L] L] T ) T T T l l 1 - T
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™) B
A) )

31 4.1 @1)nas1 FTIR ¥99 CNRO35, Starch 11ag CNRO35 MAnudla 20, 30, 40 1Az 50 phr
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a

2
A) neuIUZY 1agB) wawugﬂmmwgu 150°C
a asa o J a o
na'lnmsiRalfAsoniuszidosTesvessnamaaeiuund ONR wenils iFannets CNR 1
Ugnsenuutlsdnnina Taenamsison Toanuszninanynas 1502 FANU09819 CNR NUNY

L} =) a g o {
laasonduoautlsd naldmBmesuaznsalalasnassninaiu danaaslugii 4.2

CH H [ ]
| - H OH
_C——C—CH —CH,— |
i i CH: | I ) o l'({)
OH O : | H
| e =
0=—C—CH —l g o1 0
CNR ] L. Jn
- Starch
CH,

HC.  .C__ _CH_
ZNCH | YCH” ™ ICH,—
OHI

CNR/Starch

31 4.2 nansna lnmaiAml§aseniuseidonTsasznia Tuanaves CNR fu Tuanavos

utlaluenanamesuunsuaunil
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91317 4.3 uaasemilnas1 FTIR ¥e3819 CNR Afsmnamgnas Tsesmmnuana1any

flo 819 CNRO35 11ag 819 CNROS0 Aanuiledn InadSuadadiuiuanaanuasenine 40

phr wag 50 phr nowiih 1Jyuginua1 CNR035/ST40 HazCNR035/STS0 Hifiavoaty laasen
FA@YAAY 3349.95cm” 1A 3358.96 cm” MINAIAY (JUN 4.3 A) TA Intensity ga4n317in
vy lansonTU09 CNROS0/ST40 1Az CNROS0/STS0 Navndu 3415.42 cn’az 3676.07cm’
o w A 1 o Y I 1 [} = ~ 1 °
Muda (317 4.3 B) sgnganuuaas limiuiwavesunannas lsesaaniuinn 1

Y
Ufnsenuny leasendvedaldumniuamdiay

CNRO33:5140 CNROS0STAD

C=0 »~
1748.67 /

c-0C
1016.94

Cc=0 ~"
1750.48 /

C=C
OH $ 1660.58

Transmittance (arbltrary unit)

coc. ¥ c¢
coc. ¥ 831.02
1017.80 N °

4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)
A) B)

51 4.3 nlisufioveanlnas FTIR v09 A) CNR035 i@uutla 40 phr t1ag 50 phr

' 2 a a ' 2
ﬂaumswgﬂ 1ag B) CNRO50 ‘VIW]ZJLL‘ﬂ\‘] 40 phr 1iaig 50 phr ﬂ?JUﬂTi“lJugﬂ

4.1.2 HANNINARBLNAN T 289879 CNR Neanuadnaing

HANINAFOUHIA1 T, ¥09819 CNRO35 AwanutladnInalufsina o, 20, 30, 40 uag

a

1] Y 1]
50 phr 12819 CNR050 finauutlst i TnaluSuna 0, 40 ez 50 phr vasmsvugUnguugi
150°C 1a@IAIn13 199 4.1 WUA1 T, Y9819 CNRO35 7 limanuiladna Tnaliauniny -50.94
o d‘ a 9 =W o w Y
C wagey CNRO35 ManuutlatnaTna 20, 30, 40 waz 50 phr IA1 T, anaanudriaundasli
3 A A 9 ' ] PV =< o Y o
wunudhiduas lansodeaunsnin legseniaTuanavesealag  Jeild duas-
an 1 9 ] A Qldda! =2 1 o
nsemeluluanassanas  dewalvaiels Tuanassanansomaou v laavudsasnaim
! { V2 & a ' v o H
Ten T, anasnfSunavendsinld senmamuReinunuers CNRos0 Anaunilsd Tna

] < 1 { a 1A 1 1 { a ]
9819 13AND MWL CNRO50 Midnmas Tu@uutdalian T, gandiens CNRO3S Mdnnaz lu
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a @ 4 1 J o 1 a
@uutladuiieanIne1s CNRO50 (Sanamgiandu 25% mol) TuSumwinaslsesdan
' ' o @ A a o A
¥IAN 819 CNRO35 (UTanamylansu 7% mol) MDY aunanmMInaliuszyen log
sgnIeen ONR fuutflifinadenademaiy T, vessuiiesniniiiesainmananuse

] Y
wouTosgnimvualding 18 Ty 12.5%mol miniu

M9199 4.1 7711 T,¥94813 CNRO35 1AZ819 CNRO50 Ninauuiandnsidiumie

Tg(onsct) (OC)
Sample
CNRO35ST CNRO50ST
Starch 0 phr -50.94 -42.09
Starch 20 phr -56.34 NE
Starch 30 phr -58.20 NE
Starch 40 phr -58.90 -44.49
Starch 50 phr -59.26 -51.28
Glass Transition
CNRO035 P, Onset 5004
/’//_/. i Sy
CNRO35/Starch 40 phr Glass Transition
e, Onset -58.90 o o
- _ et
< CNRO35/Starch 50 phr R —
2 g Onset 926
mw| /"_- e =
Glass Transition
CNR050 Onset 4209
P
Glass Transition
Onset -44 .49 B
CNRO050/Starch 40 phr h..
“ " orssoiom e -

~l.00 -2;5. ) 90 o .85' UU o I) o '-}0 o v(lb ' bO ' 5"; ) ';0 ) 45 40 ' JS }0 o 15 lU o lb -10 -5 0
Temperature (°C)

i.lﬁ 4.4 L‘I/]’E]iIllL!ﬂillllﬁﬂﬂﬂmﬂﬂﬂﬂﬁ1ﬂllﬂﬂﬂﬂﬂﬂ1\1 CNRO35 sag CNRO50 “I/I!G]llll‘ﬂﬂ

9’ 1
Waugngugil 150°C
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4.1.3 HaMm3anEIA G' 52119819 CNR puutainlna

NAMIANYIANNANIUT 21719 Strain NUAO Elastic Modulus (G') Y9IHAAN UM
CNRO35 Anaunuutla USuna 20, 30, 40 ag 50 phr 1fSeuReuive1s CNRO3S noUY

o g o {
31 uazndswugl dwaaslugili 4.5

300

—o— CNRO35
=0 CNRO35ST20
200 ~%- CNRO35ST30
£ 150 ~&— CNRO35ST40
o s —+— CNRO35ST50
50
0
0.1 1 10 100 1000
Strain (%)
A) neumsyugll
300
——— CNRO35
250 CNRO35ST20
200 —%-— CNRO35ST30
= s ~®— CNRO35ST40
s
o —+= CNRO35ST50

100

50

0.1 1 10 100 1000
Strain (%)

Y
B) Haansyugil

! o v d 1 1 { A
5‘].Iﬁ 4.5 BaNANNUFUNUTTIEHINNAI Elastic modulus UDI813 CNRO3S “ﬁ!@mllfﬂ\i

o
Wd%l
U

! da! d' ! . J d' a d‘d‘ °
A) noUAUFIUAE B) HaawuiNnea Straingi199) Ngaungiinanmn 50°C

U
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{ o v J v
‘lﬂﬂg‘ﬂ“ﬁ 4.5 A) UAMNANUAUNUTIEHIN Elastic modulus (G') AU Strain UYDIYN
d‘ [ 9 [ 1 1 dy 1 1
CNRO035 1/]Wﬁ'iJﬂ‘lJLLﬂ\ﬁJ'l’ﬂWﬂlEiﬂﬂ!ﬁﬂﬁﬂu 0,20, 30, 40 L8 50 phr ﬂﬂumugﬂ WU G'
A X A 44 2 A AN o an 1 o
LW?JGIIL!GIHJ1JﬂﬂﬂléllfNL!ﬂ\‘]“VILWiJGUHLu@Q%'IﬂGlH‘t’JN CNRO035 3ZUOUATNIYITESUINYNNNDY
~ ' = ' A o an A a o Y o A
YIUWGIDYIUAYTY LAY CNRO3SST UDNIINITUDUATNTIININADINYWAVYINLLAT 83U
o =\ A Y] an 1 [ [ ~ Y 3 1
Wl!‘ﬁ%LﬂiJLLa3/113ﬂﬂuﬁﬁﬂﬁﬂﬁ%ﬁ'ﬂﬂﬂﬁﬂﬂllﬂﬂ muﬂﬂﬂugﬂ‘w 4.2 meﬁlwmmmﬂq
A aa A 1 Y A o Y & a < Y
ﬁ'lﬂJ'liﬂvlﬂLWNﬁil‘]J@]ﬂ’J'lﬂJﬂﬂﬂquﬂlﬁ]ﬂfﬂﬂhlﬂﬂﬁ’ﬂﬁ'l?ﬂiﬂ1/]1‘Vi‘L!'W]LﬁﬁNﬂ?TNLLﬂJQLLiQTﬂL!ﬂﬂN
@ 9 Y

A Q. = G (4 an A a g 1 A
FHDINNUTSIANLAS/HMTDDUATNTIINNAVUAINA1IVINAY %1ﬂ§ﬂ1/l 45 B) UaeN

[ v J 1 o § [ §
ANUFUNUTIZHIN Elastic modulus N Strain ¥998719 CNR035 ARaunuutlsdInan

=

Y
ﬂ‘%mmmm wmmieﬁugﬂﬂ JUNHY 150°C Ll,él’J NUIAT G UBI CNRO35 iag CNRO35 el
% g s 1 'o 1 1 Q 1 1 49! 1
uﬂwmmimugﬂummﬂ’n G mmmammaumugﬂ iaza1 G' Y93 CNRO35 N’ﬁllllﬂ\i
Y
ﬁaqmsﬁugﬂmﬁm"lmmﬂmﬂﬂumﬂuﬂuazﬁmqﬂmmwmmq CNRO035 281%A9U
wa A J 4
4.1.4 MINATDUTNUALBINAVDINTIADTLUUNY CNROO3S W LLﬂQﬂSJ)TJIW@

MNMIANYIAULAANUNUABLTIAIUDIE1 CNRO3S 1ag CNRO50 IwauuilainiTna
Tusasiaiuaee TaolHaToq Texture analyzer MULIATFIU 1SO37-1977 (Type 2) 1% Load
cell 500 N a1/ANNUNUADLIIAIUDIE1S CNRO3S Az CNR050 wauutlaludnsiaiuaian

aaaaaluzin 4.6

14

1.2 —— CNRO35ST

1 3 CNROS0ST

et

Tensile Strength (MPn)

0 10 20 30 40 50 60
Starch (phr)

E‘llﬁ 4.6 uamanﬂammwu@iauﬂﬁwmmq CNRO35 sag CNRO50

nauutlalusasaIuas o
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d‘ ] ] 1 = A 49! d’ 9 49! d’
1IngUM 4.6 WU MANUNUABLTIRIZINLMT S aTla 1 Tnawn Ay naziile
o =~ A 1 = o A 9
WmsnSeuifeuauianisnuaensafaues CNRO35 AU CNR050 AnauutlsdinTualu
@ 1 { 1w 1 1 o v ] < @
9A31@IUNININUAD 40 phr 1A 50 phr WUIANUNUABLTIASTUNUTAUNYWTaATU Tag
A 3 1 d @ = y A 2 1 [ 1
vl namgiansunaz)Finandsdn Tnaminiudrosuny Tae CNRO3S nuae
=< 9 1 A 9 @ ' A 1w Y I J Ao 1
us9Atiosnan CNR050 MwauutlednnInaludasidiuimnu uwaasldimuinerailngils
d v { 1 @ an @ '
WenFunas Isezanludsmaiunnhaunsaadouasnsony Tuanandslduinn
HAMIANEIAMNA T TUNMTIAIUDIYAVIAUDIIT CNRO3S 1g CNRO50 Waruuils
Tugasidiuaig q awaaalugdi 4.7 wonanuainsalunmsgaaudagaviavesss
{ ] J VA J =]
CNRO35 N laimauudet Inaiing 605.6 % usilonauutlav1alna 20 phr wudiauiu
2 o 1 A ' 9 Y =
430.1 % ¥961111919 CNR035 7 limanutdednIna wazuur Tduanuawnsalunisga
= 2 A 2 A D) A 2 = A A A
wdsgaiatlazmuduamlunandedn Tnaduniuauia 40 phr ormuudalulsua
11NN 40 phrANW A 11150 TUNITIAIUDIIAUIAVD9819 CNRO3S 1Az CNROS0 iriliouny
v A 2 4 o = A =
Tiwmuwndu wehnmsuSeumeuanuainsolunssasudgauiaues CNRO3S 1oz
~ 9 a ~ 1 v A 1 =\
CNR 050 AnauutadinInaludSuraiiminude 40 phriag 50 phr W11 CNROSO i
Y
aua1u1salunisgaaudagauiau1nnil CNRO35 vaneunagnasnauuilsiinlna

A ] Jd o A v
mmm%mﬂ?mmwuﬁﬁaﬂﬁvummma CNRO35 NUNINNNUULIDY

B0 T e | ZE - —&— CNRO35ST
= 700 * """""" - CNROS0ST
> 600 =
o * ~ - "}" i
£ ~ ¢
—~ 500 ~ e
pid ~
5 s o
2 400
(1]

g
S 300
[T0)

200

100

0

0 10 20 30 a0 50 60
Starch (phr)

519 4.7 uﬁmmmamﬁa”lumiﬁmuﬁnmnmmmq CNRO35 itag CNRO50

U

wauudlalugasiaiues o
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HANITANYIAINOAAAUDI813 CNRO35 1Az CNR050 Haruutlalusnsidiuaieg g
d' 1 1 3 Q‘ d%l = -d' =
uaaslugl 4.8 wui Awendavete1s CNRO3S tinduawfsmauiiinauaudalsnm
Y H ]
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gﬂﬁ 4.12 1eA3 SEM micrographs Y94 a) CNR0O35ST30(Magnification x 500)
b) PLA/CNRO035ST30 = 50:50, ¢c) PLA/CNRO35ST30 = 60:40 101
d) PLA/CNRO035ST30 = 0:30(Magnification x 5000).

317 4.13 1dA3 SEM micrographs Y84 a) CNRO35ST40(Magnification x 500)
b) PLA/CNRO35ST40 = 50:50, ¢) PLA/CNRO35ST40 = 60:40 11a¢
d) PLA/CNRO035ST40 = 0:30(Magnification x 2000).
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gﬂﬁ 4.14 117A3 SEM micrographs Y94 a) CNR0O35ST50(Magnification x 500)
b) PLA/CNRO035ST50 = 50:50, ¢) PLA/CNRO035ST50 = 60:40 4ag
d) PLA/CNRO035ST50 = 0:30 (Magnification x 2000).
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4.2.5 NAMSANBIENTAUTITDINTH
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Ta EJGlGIg)')Lﬂdi'f’NﬁnJﬂIGIiIW Tadined (Spectrophotometer) ?]‘Irgi}’e] Shimadzu g'u UV-3100 UV-VIS-
NIR Recording 39 1UMTELAUININY 400 D4 700 nm HaLHAIANNALIBEA (resolution) 2 nm
MINATIEH 1 AHUY/AI0819
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Optical transmission of PLA : CNR035/ST30
80.0000
8 60.0000
=
2 40.0000 o 70:30
172} - gl I
g % —l
< 20.0000 s+ 6040
0.0000 50: 50
350 400 450 500 550 600 650 700 750
Wavelength (nm)
Optical transmission of PLA : CNR035/ST40
80.0000
g 60.0000
E i o 70:30
E 40.0000 L 70:3
i 0
© 20.0000 s 60:40
0.0000 50:50
350 400 450 500 550 600 650 700 750
Wavelength (nm)
Optical transmission of PLA : CNR035/ST50
80.0000
w
é 60.0000
2 40.0000 o 70130
g
':\C, 20.0000 & 60:40
0.0000 50:50
350 400 450 500 550 600 650 700 750
Wavelength (nm)

31l 4.21 AFINUAAIHAAINTAOIHIUTITD1NAGYDI PLA/CNR035ST30, PLA/CNR035ST40

ung PLA/CNRO35STS50
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1.2.6 HansANSANMIINTFUvedleazaeenF o

ﬂﬁ‘ﬂﬂﬁﬂﬂﬁﬁﬂﬂﬁllWiN'THWZ%’JJWm’ﬁaﬂ‘um‘lﬂ{f”l (Water vapor transmission rate) U®
uRTeDNFIL (Oxygen gas transmission rate) uazmmmmmiumﬁmhumm”l’aﬁw (Water
vapor permeability) LAZUDIUATOONTIIU (Oxygen permeability) ludn1Nzguugil 38°C
A AuEIE 90% MUNIAIFIY ISO 15106-1 : 2003 (E) 1oy gaungil 23°C, Ay
FUWnT 0% AWNATFIU ASTM D3985-05 AuaID msnageunaveSinantaiifiae
sasmsunsuveslorihiazudaoendnuvesilsunaranniiidadunausenin PLA
FUOIAADI LU CNRO3SST AIiAD PLA/CNRO3SST = 60:40 HAZHAYBISATIAIUHAL
9% PLA SUSAResuT CNRO3SST fitidesasimsunsruvedlerh vewda
ponduLazANaIs lumMsauiuves lothuazveseondny  duwaaslumnen 42
4.3 4.4 1aza319 4.5 muddu
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U rooNFIUIBY PLA ndLiiuaues1aun udechalsimunaveinandadinaiien 3o

I { o Y o 1 (24 a o 1
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1 o o o U %) a

PLA/CNRO035ST30 = 50:50 (@nﬁ'Nﬁ 4.3) ﬂﬁﬂﬂiiﬁﬂ@ﬁﬂﬁthimuuﬂ’d@@ﬂ%fﬂuﬂlm PLA
2 2 A o 1 Y 242 g ] 1A v W
INUUHUTIN Gl,usumg1’]@@5Tﬂ'ﬁlﬁ/‘ﬁW’]uéllﬂ\ill@unwusllulﬁﬂuﬂﬂLWULﬂﬂjﬂUﬂUWﬂsllﬂ\iﬂgll']ﬂl

= < 3 o a A ~
L!ﬂ\‘] “INWﬁ“ﬂ@\iﬂ'ﬂllﬁ’]f“']ﬁf]GlUﬂ'ﬁr’])'llW’]usll@Q]lﬂu'lllﬁgllﬂﬁ@@ﬂcﬁmu (MTNNN 4.4 1aL 4.5) U

1 Y (BE]

L!uﬁiﬁuulﬂvnuﬂ\‘]laﬂgﬂuﬂUWﬁm@ﬁﬂ’]ﬁ‘ﬂﬂﬁ@ﬂﬂ@ﬁ’]ﬂ’]iu?‘ﬁW’]usllﬂ\ihl@u']@ﬁﬁ']ﬂ']ﬂLWﬁW']u
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{ 1 [ ULl z (4] a
Table 4.2 Nﬁﬂlﬂﬂl!ﬂﬂﬁﬁﬂﬂ@ﬂﬂﬂﬁlw‘liN'IHGUENllf)l!%l,a&!ﬂﬁﬂﬂﬂcﬁlﬂusllﬂ\‘]

PLA/CNRO035ST = 60:40

Samples Water vapor transmission rate* Oxygen gas transmission rate**
(g/mz/day) (cm3/m2/day)
PLA:CNRO035ST30 9.8+1.7 144.0 +15.5
PLA:CNRO035ST40 82+0.2 82.1+ 9.8
PLA:CNRO35ST50 120+ 1.6 75.0 +13.8
PLA 2003D 33+£0.5 6.0+ 0.1

*38°C, relative moisture 90% **23°C, relative moisture 0%

Table 4.3 u’dmNammﬂ?mmmwmmaimm?mm PLA/CNRO035ST30

1 @ 1

{ ] g (2 a
ﬁﬁﬁ@’[’)@I3']ﬂ'l'§LL‘W3N']‘LlGU’[’)\‘]ll'ﬂuulagllﬂﬁ@@ﬂ“]ﬂﬁ]u

Samples Water vapor transmission rate* Oxygen gas transmission rate**
(g/m’/day) (cm’/m’/day)
PLA:CNR035ST30=70:30 85+2.1 26.6+ 2.2
PLA:CNRO035ST30=60:40 9.8+1.7 144.0 +15.5
PLA:CNRO035ST30=50:50 13.6+1.9 164.0 £22.2
PLA 2003D 33+£0.5 6.0+ 0.1

*38°C, relative moisture 90% **23°C, relative moisture 0%
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Table 4.4 wammuﬂﬂﬁﬁﬁammmmm“lumﬁmmwum'l’e)umamﬂﬁaaﬂcmumm

PLA/CNRO035ST = 60:40

Samples Water vapor permeability™* Oxygen gas permeability **
(g/m.s.Pa) (g/m.s.Pa)
PLA:CNR035ST30 1.86x 10" 7.19x 10"
PLA:CNR035ST40 1.46x 10" 3.85x10"°
PLA:CNRO35ST50 224x 10" 3.67x10"°
PLA 2003D 7.69x 107 3.67x10™"
*38°C, relative moisture 90% **23°C, relative moisture 0%

Table 4.5 uﬁmwammiﬁmmmmmmaimwﬁmm PLA/CNRO035ST30 Ninon21

] % 4 a
mmiaGlum:ic?mmummllaumazuﬂﬁaaﬂmmu

Samples Water vapor permeability * Oxygen gas permeability **
(g/m.s.Pa) (g/m.s.Pa)
PLA:CNR035ST30=70:30 1.62x 10" 133x 107
PLA:CNR035ST30=60:40 1.86x 10" 7.19x 10"
PLA:CNR035ST30=50:50 2.38x 10" 752x 10"
PLA 2003D 7.69x 10" 3.67x10"°
*38°C, relative moisture 90% **23°C, relative moisture 0%

4.2.7 WAMIADHIMIAAILAINTINN
MINATOUMIAAIOAINTTINNUDI PLA/CNR03SST Taan1sasaninfsunm
%) 4 4 A a 2 a ]
unaasveulaoen laaas auinaiuainianssunsgoodalo Cellulose microcrystalline 1ag
yauns ludlewinaeldannzaiuguluszauiostfians 61999 IS0 14855-1:2012 Tae i
23 4 o I Y ' Y
wfsunamnamiveu lasenlad lumyuznadey uaawmaiiludosazmsgosdalslan

~ o ' o o A A 3 o s s
FINMN ﬂ"ILl'Ji]ﬁ]"Iﬂﬂ"lﬂl@\?ﬂ”li‘ﬂ'ﬂuclu?@t}ﬂﬂﬁ@ﬂ‘ﬂL‘]JafJLlll‘]JL‘]J‘L!LLﬂﬁﬂTﬁJi‘]u]lﬂ@@ﬂ]l"]fﬂ
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Table 4.6 #aupTNADMIAAIYAININTININUDI PLA/CNRO35ST = 60:40

Samples Condition 37+2 °C 58 days Condition 58+2 °C 52 days
(%) (%)
PLA/CNRO035ST30 28.8+5.0 60.9 £6.5
PLA/CNRO035ST40 314+2.0 412+738
PLA/CNRO35ST50 31.6 £2.2 50.0+£5.3
Cellulose microcrystalline* 92.9+5.7 97.9+13.8
Polyethylene** 0.0+1.9 0.0+£7.8

v 3 a 1 ' a a
*Cellulose microcrystalline 3aHlunaradnilszinndesaarslaiieluan1izsssumaonad
910 ISO 14855-1:2012
v g a 1 F) a Y a
**Polyethylene Fﬂﬂlﬂu‘wﬁ'lﬁ@lﬂﬂi$tﬂ‘l/]8'ﬁ]8ﬁa18hl@fJ'lﬂGl,ufTﬂTw‘ﬁiiiJﬁlﬂﬁ NI

ASTM D5338-98:2003

Table 4.7 LAAINAVDIOATIAIUNTNUDI PLA/CNR035ST30 NUADNTAAIIAINIIFININ

Samples Condition 3742 °C 58 days Condition 58+2 °C 52 days
(%) (%)
PLA/CNR035ST30=70:30 22.5+3.5 584+6.3
PLA/CNR035ST30=60:40 28.8+5.0 60.9=+6.5
PLA/CNRO035ST30=50:50 29.8+0.8 50.3+£4.8
Cellulose microcrystalline* 92.9+£5.7 97.9 +13.8
Polyethylene** 00+19 0.0+7.38

v g a l ' Aa Aa
*Cellulose microcrystalline St unaadnszinndesaasladie luan1izs55umAs1909
910 ISO 14855-1:2012
v g a ' 9 a Y a
**Polyethylene ilﬂl‘]Ju'Wa”lﬁ@]ﬂﬂﬁzlﬂ‘ﬂﬂﬂﬂﬁa181@81ﬂ1uﬁﬂ133‘ﬁ55u%1@] RENGNRNN

ASTM D5338-98:2003

46



=< 14 SAA 1 @ =
mﬂmsﬁﬂmwammiﬁmmuﬂmamﬁmmummammnwmamiﬁmﬂmmwamw

v v ] Y
94 PLA/CNR035ST aauaadluasnam 4.6 tag 4.7 audiay wuniSunaudsnmuiuen

a

< o @ 1 {
30 phr 1iu 50 phr 1 ldmMsaAEAINTINNMe]RaNzMsERedaIeNgUNN 3722 °C

Y

<3 @ A X <] 1 @
Wuan 58 UV PLA/CNRO35ST LWN%ULaﬂﬁ}aﬂ Ll@ﬂ'ﬁﬁa']ﬂ@]"lﬂ']\i%’lﬂ'w\lﬂ']ﬂglg]}ﬁﬂ']jg

] A a < @ @ A ~
NIYVYAINYUNIY 58+2 °C Wunar 52 W navasas (®M3519N 4.4) Tuvagndsum

U

2 y ,

mﬁma%xmwﬁﬁlﬁmumnammauwaumﬂ PLA/CNRO035ST30 = 70:30 ﬁJu
v 9
PLA/CNRO035ST30 = 50:50 (159N 4.6) 11WaﬁﬂﬁjﬂﬁﬁaWﬂﬂ’JﬂN%QﬂWWﬂwﬁlﬁﬂ\‘]ﬁ@Q
' Y v
#0172U99 PLA/CNR035ST30 1N fJﬂL’SIuV‘Iﬁ'iJ PLA/CNR035ST30 = 50:50 H33iM3aa1062

a

) H d o 'o 1
NI e ldannzmsdesaatoNgumngil 58+2 °C iunan 52 u asasdmniiga

U

47



=
Unn s

asdwamsautiuay

= a o d‘ = ) = d' G
HamsAny1ITBINe IS avnas Tsozdmnluens CNR s aulumsisoy
Y 1
©19 CNR/ST UNUI1819 CNRO35 iwsouainmsinlfnsedwensadulaelddadiues:
I 4 s 1w =) 1
nsavlosiin:lalasnumlesoon o 1101 1:0.35:0.35 TanumagauuINNI 819 CNROS0
HansANEIENLATaIg 1M INe AL Derivative curve TGA U939 PLA/CNRST wuauile
. A Y o Yt
©19 CNR a2 PLA binary phase N1nu laa
= = A wa Aa a J ! (4
panmsanfsuaudinlinoauifrinauesflauuig PLA/CNR035ST noulazias
1 a ' v ar d
piuanzauiieIna nuNauiAnuLsIAsve a9 PLA/CNRO3SST40 =60:40 11ag
1 o ' ] 1 [ o o ar o
PLA/CNRO35ST50 =60:40 N Unazna4n13W1u QUVIiuana1eany divsuilau
PLA/CNRO035ST30 = 60:40 64 15H1U QUV HAININAIINBUNITHIN QUV UAd 1M
a o 3’; 1 v 1 1 J [
ANuAINT0 TuMsgaaunagauIaveIlaunIuAnouIazHAIHIY QUV luuanaani
= a 4 SA A va A ar
man1sane1lSuIne I daesnuNTNUAeautMFInavealauug
PLA/CNR035ST30 ADULAZHAIAIUEN1IZAUTI01MA WU NaNTANULTIAIv0Ilaunad
MU QUV Iimgennouriu QUV pnilsmmdadiu uadimiuanuansalumssaaung
1A1AV0 a1 PLA/CNRO35ST30 =60:40 nouuaznadr1u QUV luuand1aiu uaiia
A 2 ) v a d 9 v a d
MuAud MDAy PLA/CNRO35ST30 =70:30 anasd1m5udlay PLA/CNR035ST30 =50:50
HAIHIU QUV
] 9
panmsAnEIaNtAnaIdosiIulug19n1IM81IAAUAILA 400 IUDI 700 nm VD
PLA/CNR035ST30 =60:40, PLA/CNR035ST40 =60:40 1t PLA/CNR035ST50 =60:40 WU
' ' Yy A A ' Ao A A
nasdosiu lddosiganolszunm 30% lugnanueaaud wazmnigadelszuia
[ A ] < o 4 4 = =~ o
60% Tugennuenaaugs een lsnawilSuaesnaaesuund uazdSuauidlina
ua ' v 1 v A [ v g
IfauiAuasdowrIuYee PLA uanaNnuiioaantiosniniy
1 1 9ol a 1 g’l
HamM3IAnE18aTIMIUNImuYed lothuazuaeendnununwtluaseananes
=) A o BRI ¥ <3 a X 1 A o a
punFimalumsiuoasimsunsiiuves lotuazundoondou Fevgdinaam linans
A A ga Y =X & o 9 ¥a A X a A < v
szeanuduivihau s ssnnuiuenn: llvildaunalsareswazlinauyamiula
= v & 4 I o 9 ' o X
nnmsAnmuImantaazaandeesuunginaiinld PLA dosaateldaiu a1

=2 4 S @ =
ﬂ15ﬁﬂH1NﬁﬂJﬂﬂﬂQiM1mL!ﬂﬂlla3’lﬁ'iﬂmlﬂﬁl@]ﬂil!ﬂﬂ‘]ﬂﬂh@]ﬂﬂﬁﬁa18@]31/]1\1‘15’35111/\1"1]@\1

v 2 @ vd A 2 o, 99 o
PLA/CNRO35ST WU'J’W]Qﬂ%u?mllﬂﬁllﬁ%ﬂ%ﬂ’lmﬂ’lﬁlﬁ’E—]il,lﬂ‘i/]"])"i/]LWlJ"Uum']slﬁﬂ']iﬁa’lﬂﬁﬂ

48



a

] { I o
ey luaanzmsgesaaisngungil 372 °C 17ua1 58 703 PLA/CNRO3SST
A X 1 @ { ] { a < v o
INLABIANTAA AT NNaN1IZMsosdateigugil 58+2 °C ilunan 52 Tundu

Y A Y = 4 2 g o9 4
anad gniulay PLA/CNRO3SST30 = 60:40 NUMIA@18@IMIIaninuyuaniiosn

a

[ { I @
angmsgesdaleiguygil 58+2 °C 1lural 52 Ju
= a1 9 Y 91 Ao A Y
INHANTANHITUUANI) UNAU ’m%ﬁ’;ﬂ"lmnmai]ﬂumuﬁmﬁuuﬂ\mazmﬂﬂ
~ o Y I L&l = o 1 ] Y
Glulﬁu’]ﬂ!ﬂu1ﬂlla$fNﬂQﬂ'JHJﬁ']llWﬁﬂlslﬂlﬂuluﬂlﬂﬂﬁﬂuﬁgﬁ'ﬂq PLA nU8N CNRUlﬂﬂ

(J 1

ad 4
A10819Mau PLA/CNR035ST30 = 50:50 Heeatlsenouutls 23.1% 1azen3 CNR 76.8% lag
% o Y ] ad 4
vinifiey PLA taz@106199du PLA/CNR035ST30 = 60:40 84R1/5enouutle 15.4% tag
3 o a o = ' = A Ay y= ' gy 2 4
819 CNR 51.3% lagtiminidiieuny PLA $1anHamsane1aui ladnyiuneuniini #
¥ " Aa %’ Y]
amnsnduntlsldgeganion 5% Taoimin wagnane19s55uaa lumu 10% Tagiimin
o (% 1 [ 14 4
nnMsmuAuNUITgnUMTInIag laesamlumsesouenandaesuung CNR  wal
M v
uifatna e 30 phr taziiutlav i Inaneay 40 phr HUANTATIAT 46.25 LN UAT 44.60 1IN #O
Y { 1 Aa o 1 )
Alansy muday TasAnsianienaain 50.25 vmaen lansy luvazisimves PLA 1uin
v a d 1A o
nnaaszmanaifulszuia 125 1mden lansu winldgas PLA/ICNR035ST30 = 60:40 92
18511590 93.50 VIngen lansy wagninldgas PLA/CNR035ST40 = 60:40 9% 1d31A1590
92.84 1NABN lanJu
< Y Ao dy [ (= A A Y=Y 1
wwirn lanluanudseil mamauuilaluens ONR nun lufeadomyaniansdos
= v 2 o 1 a < Y vy A a
aanemedinmnniy uiedaseasuanuudaseliens cNR 1dae iesnnmsina
9 v
WUBZLAZ/M300UATNI81521 9 TuaNavewtlanUYeI19 CNR UBNIINILONTTTUIAN
' o 9 dalw Y o 9 v Y 1 ad (D] Y]
iumsaaudls Inseadiidiansadnnulany PLA Taanienasssuinan linumsen
w3 Tassadrannd ldauianmsldau Taes S sudsunuauiinues PLA igdot1a@en
[ d' o 9 dyd? = 1 d' 9 1 1 1 dy
agUasluasnd 5.1 Taedmualdgnassunaasiem lauinniinves PLA daugnas
=2 1 Ay YY Vo
aaAInemn latieeni1A1vee PLA
= 1 I A A
INWAMIANHINUIIGAT PLA/CNRO35ST30 = 60:40 1lugasimaunzanlumsnag
o A a a [ [l <
i lAnimniams ldauaguaumizigneieas 11 eg1elsna PLA/CNR035ST40 az
33 A ) = Aa =1 Y =\ wAa A
PLA/CNR035ST50 =60:40 niilugasiuvzii hlansududSeuieuningianiamng
9 ' Aq ¥ ] = ° 9 ' ~ A a 9
avgndngasnlduils 30 nawuainariildnmsdesaaroniedinmngungiinig1dau

X
mzalgnareauy

49



o J 4 4 1 a1
Table 5.1 djUwavessmautlwaz S madadiueranamesuundwauutaoauiianin

NeUN PLA

SINLT

Tensile
strength

(MPa)

Elongation
at break

(%)

Water vapor
transmission rate

( g/mz/day)

Oxygen gas
transmission rate

(g/m’/day)

Biodegradation
37+2 °C 58 days
(%)

Biodegradation
58+2 °C 52 days
(%)
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MANUIN N
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Thermoplastic elastomers based on FLA blended wath chloroacetated nataral

rubber
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The nze of plastic films in the zarden proves to be a nsefil toel for some garden crops. The
advantages of using plastic film: provide planfing date at an earlier for more convenient period
5Spll con refin moishoe more effectively while minimizing root damage and soil compacSon
Howrever, there's a lot to like about using a palyethylens film i the garden that is not environment-
friendly, therefore, bindegradable molch film is very pmuch of interests to replace the pelvetiylens
films. It provides not onby weed control but alse mulch film bisdegrades in the sedl at the end of the
season that can reduce the cost of landfill of plastic-flm wastes.

It is well-known that bisdegradable polymers such as PLA (Peolylactc acid) are commanly
used. However, there is limittion of FLA properies inchiding briftle and bizh cost. To increase the
toughness of FLA  mibber is pormally blended info.  Mamral mobber (ME) is a renewable polymer of
inferest with excellent properties such as high elasticity and toughness. MR is cis-polyisoprene that
is not a finctionalized mobber. In general it is incompatible with other polymers. Therefore
chemiral medification of MNE to fonctionalized mobber, ie. epoxidized narral nabber (ENE)[1.2].
prafied mamural mabber (GWE)[3] had been ewmtemsively stdied. Fecently., chlorpacetated nabaral
mabber (CWE) with special properties such as organic solvent and gaspline resistance, fade colar and
pleazant smell had been successfilly prepared from rabaral rubber latex wia epoxidation reaction]4].

In thiz shady, green and biedepradable thermoplastic elastomers were prepared based oo
blending between PLA and CHE by using starch as a binder. CIWE035 was prepared fom nabaral
mubber latex usimg the ME-H0-HOOOH = 1.0:0.35:035 by mole followed by the addiion of
chloroacedc acid. Imitial shady was on the mwestipation an appropriate starch loading that was
varied from 20 to 50 phr (pam per handred based on dry robber) The selected CME with
appropriated EaIthmdmgWElEEdhlhhﬂmﬂlPLﬁgﬂdﬂdEDﬂD The morphology and
mechanical properties of thempoplastc elasiomers of PLA/CHE S@rch were determined.

Upon mixing the sfarch in the CWE035 laex to prepare the master baiches of
CHRO35/5T20, CHRO355T30, CWNROIZST40 and CWR03ISSTS0 according fo the ameount of
starch added then they were coagulated and dried subsequently for further analyses. It was found
that starch particles wers able to well pensirate among CWE. molecules resulting in more mobility
of CNE. malarles as confirmed by the significant reduction of T, of CNE with starch loading as
shown in Table 1. In addition. the inferaction between starch particles and CWE molecules were
supperted by the morease of the storage modubiz (GY) with s@rch leadmz. CHEO3SSTI0
CHRO35/5T4) and CHEO35/ST50 were selected to blend with PLA for preparation of the z=e=n
and biodepradable themmoplastc elastomers. From merphology stody of the cross section surface of
the samples (Figure 1), SEM micre imapes confirmed poed penstration of starch in CWE. matrix and
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sandwiched with PLA layers. The machanical property measurements revealed that CNR0O35/ST40
and CNRO35/STS0 reduced very much PLA mechanical properties including tensile strength,
elongation at break and modulus more than CNRO35/ST30. Therefors, an appropnate ratio of the
blend between CNR and starch was selectad to be 30 phr based on the CNR. mass for blending with
PLA in different ratios of PLA-CNR035/ST30 = 70:30, 60-40 and 50:30 by using internal mixtuare.
All these ratios of PLA:CNR035/ST30 thermoplastic elastomers could be compression molded and
sheeted The decrease of the hardness, modulus and tensile strength with the amount of
CNRO35/ST30 was obvious while the elonzation at break increased as shown m Figure 2. However,
thermoplastic elastomers of PLA:CNR035/ST30 = 70:30 and PLA:CNRO35/ST30 = 60:40 were
found to be sheeted well with very much better mechanical properties compared to the other in the
ratio of PLA-CNR035/ST30 = 50:50. As a result, they are believed to have the tentative application
for making green and biodegradable muich films for plant growing that their biodegradability will
be studied afterwards.

Table 1. Effect of starch loading on Tyeese 0f CNR

Sampies T boowenty
CNRD3S5 -30.5¢
CNRO35/57T20 -36.34
CNRD35/5730 -38.20
CNRO35/5T40 -38.50
CNRD3S/STS0 -33.26

Figme 1. SEM micro zmages of PLACNRO3 /ST 30 thermoplastic elastomars.
2) starch, £)50:50, ¢) 60-40 and d) 70:30 Magnification x 00C)

=]

55



= -
\=/ CON

154

- -
- _ B '

H iha A ¥ = En

i.. WY ] Y i il T i

b [l
'1 (L ETEr STy - Y 1
]

5 = M

CLETE TR T

.
I.
»
- '
; :

Figmre 1. Machamical properties of PLA/CHED ¥5T30 thermopletic absinmers.
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