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waduan@auada (poly(lactic acid), PLA) %38 Wadlan na (polylactide)
Jnagludszinnazfivh@inwefiasinat (aliphatic polyester) fNsunIntasaainlanig
a dl

IA k% 1 L [ U [} U
Frawigelauranunasianduinaunulnle (renewable resources) 1 T3 lwa

q

v ﬂ/ a

wIno08 PLA Jsuu@iTinansianunafianawiniswniiaa (polyethylene terephthalate,
-4 o a o a P a o \ o a
PET) uazanansndugdlditudoinunanadnsiiamaslunaiadnriagll 1gu midaie
(extrusion) 138 (injection) N13L11 (blow molding) w3l ulaule (fiber spinning)
(Pang et al., 2010) PLA fia laidunaad@niviaulailasannidulasnufauiasan 1@
(% v a a & o P = 4 ) . & o {
nuldnuasdsie uazdugdlaine udedslsfanuduinnuiuddi PLA swduiagn
' % 2 A o v [ g =] o L%
deudnailnzdarzeziio o yamekesniniesas 10 dongih PLA fsgndnalunisld
o & a a & =2 a
% (Rasal et al., 2010) a9%wN1ILaI8ULTUNaR-LUBTHEN (polymer blend) 39tTwDNNY
d! n' a v o 1 A a o d'd >
wiklunaiuanuwiledldiu PLA - wudn Seudssannainondnsnidiudyieny
AR89 PLA G INENNUNRINITTRAAI9 1T% WaRLaNABAUAMILLUA (low
density polyethylene, LDPE) mmmﬂ%’uﬂgammmﬁmmaa PLA (Anderson et al.,
2003) wWadhfiaardiaa (polyvinyl acetate, PVAc) mmsaﬂ%’uﬂgas:mﬁ@ o 20719
(Gajria et al., 1996) LLa:maﬂuwmaaﬂwaﬁﬁmu (thermoplastic polyurethane, TPU)
IaliuisanudumMudauLIINIzUN (Feng uaz Ye et al, 2010) Liludw
NAMIANHINUINANNTH8195TI0NE (natural rubber, NR) snliie
ﬂ%’uﬂgommﬁmmmiaLLsaﬂi:Lmnmaa PLA WUI1 N1U301s NR 1¥nNU 10 wi% @u
y . S ey
dumudausinszunnuazszuzie t 9021aANFITU (Juntuek et al, 2010) wabdlud
AMIANBINNTINENIBTINTIRBWanT bad (epoxidized natural rubber, ENR) WaZeN9

FIINTIANAR LL‘IJ‘JI?JL@QE\]I@ Uﬁ']ﬂ']iL@l%ﬂlJﬂ‘i’]W@ﬂﬂ‘WﬂﬁLN 837ENINNITTINTANLLNNAG -

LWNATLAN (methyl methacrylate, MMA) (NR-g-PMMA) an1l3utlsanainiienuas PLA
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o

1énu PLA @ni1819 NR %oaw%ﬂ%’uﬂﬁ;ommmﬁm*‘uao PLA & 27n9uiauvad
(Zhang et al., 2011; Bitinis et al., 2011; Somdee, 2009) WU WORLNBIHRNIZWING PLA

Au NR iunsuanuuudhinldle (mmisible blend) asiugIudaianlsnwdlanas-

a3 NR-g-PMMA LNatw AN nule linuwedinesiasy PLANR tHasandauiade

(2
=l

' o { { o A . o ) , '
AWATNBNANBUAIINUNITLASINNARLNATHNRUTEHING PLA U PMMA  Sawuintila
WWInuwaAlasHNaENauInafiia solution/precipitation  wuintdunisnauLuIT AW lE
(misible blend) Waztnafia solution casting HWMIHEULTULLLENAW IAUNIEIN (partially
- A om o ' a a v o [
misible blend) Gmgaﬁ]mwm’lﬂﬁmﬂﬂwaamaif NR-g-PMMA &3 30LWNANNL Nl
Y A 2 o @ ' v
Iwnuwafiuasuay PLA/NR $9819U30U 390NN UNIuADUTINTEUNNVEY PLA i
uanmnﬁﬁﬁsﬂ'&ﬁﬂmmiﬁw NR mmum‘smLﬁaﬁa:a@ﬁmﬁfﬂimaqaLLa:ﬂmwﬁ@
n:i o A uq: d:’ a A Qs qq: 1
Pa3 NR &4 t0uNNIUABAI1 NR uuum%uﬂimaqaLLa:mmmu@gamuumamwa
FUUALTINaTaINaALINaTHEY PLA/NR
Aa v dq, R Q' v 1 v
IMIVRH AN BINITINY AN IUNIWGADULIINIZUNNVAS PLA 698
a =) &
NR ENR uaznmndlawedwas NR-g-PMMA lastaSouidunefmaswaudsdnisudls

o

é’mwmumwamszmwﬂﬁW@ﬂﬂwaﬁma‘i‘mao NR AU MMA uazudsaandiwlunig

LOSUUNDRLNATHANTENING PLA NUBNS Anenilaanidaniwasdansiasuunadiuasugy

AN FUUALTING ULaTANBISNNIRIIWINGIVDINDRLUDTHAN
%) 6 a o
1.2 quﬂizaﬂﬂmmmuaaﬂ

1. Watnsounndlanaawassznitg NR iU PMMA (NR-g-PMMA)

2. LﬁaLﬁl&lﬂ’s’]&lﬁﬂu“n’mﬁiaLLSGﬂSZLmﬂ“}Ja\‘] PLA I@UL@%UNLﬂ%W@ﬁL&Ja%{
NRUIZHIN PLA tlaz NR ENR 1az NR-g-PMMA Gaesowledannda 1 M6ATEIWNIHEY
A3

3. Lﬁaﬁﬂmawﬁ'ﬁmaﬂwmw E*T&J'ﬁ'al,"’fdﬂa Lm:mﬁm%ﬁ'uvlﬁmaawaﬁ-

6 = a v o
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1.3 VOULVAVDIITHIVY

1. w@3sunndlanadiwasves NR AU MMA (NR-g-PMMA) @28
ATTUIRMINBALNE ISl TUlILNE (batch process) lasulsaaTaInI=ni1d NR AU MMA
G99 60/40 LAz 95/5 Wt% WAZALATZHLATIRII9TINTING lanadiuashazySuannne

Aa {d‘ A v a a A 6 Aa 6
lawadwasniasoualrsnafiafiafosuuniwdnslauuwudaunlnsalnd  (nuclear
magnetic resonance spectroscopy, NMR)

2. ANBIMIATUNNERLNEINANTZHING PLA nU NR ENR Wag NR-g-
PMMA lasLaTas8a3auuuanye (twin-screw extruder) landamaiuszning PLA nu NR
ENR uaz NR-g-PMMA @44 90/10 80/20 a2 85/15 auaaL

3. ANHBNTNAVBINTLALIIABANNA BN UABUTINTZUNNLALA N
fausIfITaInafNasHay PLA/NR

= A C v Aa 6 % 6

4. @nmmaAnanutnnulduesnadinasnan PLANR lagnslaniwe

la-wadiuas NR-g-PMMA tduansivuanastinle
=S s U 1 wn 1 =3

5. ANHENLAANUAIIBNIUABULTINTZUNN FULAAIUNUADUITIAILALULT
AAUBINDALNDTHEN

6. ANEFNUANINAANFATANNTDWTINGAIEAS (dynamic mechanical
thermal analysis, DMTA) UadWaalNasHas

7. AnwanudnnuldvasnafiwasnanlagnInTagauF Mg IR INgN e

ﬂﬁaoﬁgaﬂﬁﬁﬁaﬁﬂmammuﬁadﬂﬁ@ (scanning electron microscope, SEM)
¢ 1 [ VX9
1.4 Uslapinaininazlasy

1. mmmﬂﬁ”uﬂ;a‘*ﬁaﬁﬂﬁwao PLA luduaasninuilsne @2s NR ENR
waz NR-g-PMMA
2. F1ANIOLANNAMNTINW IATER T PLA nU NR e881ILANAMNLTNNH
od o ' o A A a &
Vl,wmmvl,ﬂgmsﬂw‘ﬂ‘gdauummnamadwaamamau
3. 1TWNTVLLVAVUANTITINWYDI PLA Tue e adn13ainuewnin

FaLIINIZULNA



UNN 2
a o d' A U
LANAITHAZINWIVYNLNYIVDY

2.1 noRaULanfaALaTA (poly(lactic acid), PLA)

2.1.1 NM3KHaG PLA

PLA wiawaduanlndiiunefiweinineglutinnazivhdnnadies-
wasdagnaunulull a.a. 1932 lag Carothers luszozusn PLA finfaldfitminluana
o \ Aa? @ o a o
duazdaun PLA Nilhwinlaianags sunsadanzildlasnszuiuninefiua ot
LUULJ@9LRA% (ring-opening polymerization) (Jamshidian et al., 2010) PLA 81117082
818 16N195217 W (biodegradable) WAz lAINNNIWEINTUARINAINUWANAUNY LS

Aa

(renewable resourses) LT Wik uazinana S’fiaNmm:mummﬁnl@yl‘*ﬁqauﬂ?ﬂ‘mwn
uadlua13nef 2.1 ifaudunsauaadin (actic acid) (2-hydroxypropanoic acid) 193y
PLA sansaiasoulalasnmswedina lsistuuuuaiunis (condensation polymerization)
2asuandnuada niauuuidalsuninvaduanng (Lim et al., 2008) LLﬁ@Gl%Eﬂ‘ﬁl 2.1 @9

a39U7A380 (catalyst) lunszuawmawadiwa lsd PLA uaaslua1snen 2.2

a13797 2.1 mm&o@Tuuaz@ﬁuﬁﬁﬁlﬁummﬁ@ PLA (Madhavan Nampoothiri et al.,
2010)
Substrate Microorganism Lactic acid yield
Wheat and rice bran Lactobacillus sp. 129 g/l
Corn cob Rhizopus sp.MK-96-1196 90 g/l
Pretreated wood Lactobacillus delbrueckii 48-62 g/l
Cellulose Lactobacillus coryniformis ssp. torquens 0.89 g/g
Barley Lactobacillus casei NRRLB-441 0.87-0.98 g/g
Cassava bagasse L. delbrueckii NCIM 2025, L casei 0.9-0.98 g/g
Wheat Starch Lactobacillus lactis ssp. Lactis ATCC 19435 | 0.77-1 g/g
Whole Starch Lactobacillus lactis and Lactobacillus | 0.93-0.95 g/g
delbrueckii
Potato Starch Rhizopus oryzae, R. arrhhizuso 0.87-0.97 g/g




)\)L Low MW prepolymer
Opoty

(1000-5000 Daltons)
r_) CN

H.Cu ,H of ™\ Chain Coupling
HO/L ~c” Direct condensation Agents
‘(; polymerization
L-Lactic acid

Azeotropic dehydration condensation » /\n/g )/\(/o\)\

Heg OH -H;0
s Sy
HO % )
4 Potymerization through High MW polymer
D-Lactic acid lactide formation Ring Opening (>100.000 Daltons)
< Polymerization
0. CH
O 3
-'\/L \C/ \c'an
no/\( J{\)k }’Y Opoly l |
CH, '.1’ \C,/(JQO
H,C
Low MW prepolymer Lactide

{1000-5000 Daitons)
3UN 2.4 MmidueTzineduan@aLeda (Lim et al, 2008)

LmewaaL&Ja‘mNam"l,m]'mﬁoaaoﬂiwmumsm MIﬂ‘Nﬂ FURZRUU

@199 indaununnlszms udnoszdsavasdunaunzuIumIFuaTzind9nn 1y

a

' A o & a AN o
N13A8 Na@mmmwaamawvlmrm

v ] o

= d I a & A
NUNVBINIIUNTAONDRNELN aiﬂvLG]LL@]ﬂ@]’]\‘lﬂ

put
)

v
o

ATTUIRMILININALSENINeRLARRALaSA NeditasannnszuInmMISNARINNMNT I
ﬂiml,aﬂﬁﬂimmawvléfwaﬁmaﬂum”umauqmﬁw FIBNTZUIUNNINRDIAANTIUR W
nsauaada lapdffisennimudizaniauanda 2 luapafadusnsdsznauunaend
A & & & o e o & \ a &
Taiuaalng  nuudsienaninnan inakunssanziiduaslonadinesonily
o A2 o A A o & . a & A a &
%A DUADN mmmlmamejawa@mmemwaaLuasmnns:mumsmwwaau,aﬂvl,vm
. = Aa AN o & A A a o A A
289 lTAAUNARLNE TN bANNTNIRBINTZUIUNNTNAABENTTRALALINY NTauanAail bals
s . 2 . . . . ¢ &
LUBJ (isomer) 2 LLUU (Rasal et al., 2010) A8 L-lactic acid .8z D-lactic acid lalawes a4
L-lactic acid ﬁlzmmzmuLLaﬂwvaié@nmﬁumﬁm 871 D-lactic acid 9T UIZWIL

wd Iwan s an Il u RN melugﬂﬁ 22

OH

2
%,
2
7
%,

ZCH;

L-Lactic acid D-Lactic acid

3U7 2.2 L uaz D lalnweiuasuandiauada (Rasal et al., 2010)



@177 2.2 a9 A3 lAlEEmIunsssLazd PLA (Madhavan Nampoothiri et

al., 2010)
Polymer Catalysts Solvent Molecular weight
D, L PLA/L-PLA | Aluminium Isopropoxide Toluene M, = 90,000
D-L PLA Stannous octoate Alcohols M, < 3,500,000
L-PLA Stannous octoate Alcohols, M, = 250,000
carboxylic acid
L-PLA Stannous octoate and Toluene M, = 40,000 —
compounds of titanium and 100,000
zirconium
D-PLA Stannous trifluoromethane Ethanol -
L-PLA Sulfonate, scandium (lll) Ethanol -
D-L PLA Trifluoromethane sulfonate Ethanol -
L-PLA Mg, Al, zn, Titanium alkoxides | Methylene -
chloride
L-PLA Yttrium tris (2,6-di-tert butyl 2-propanal, M, < 25,000
phenolate) (in toluene) butanol, ethanol
D-L PLA Zn lactate No solvent M, = 212,000
D-L PLA Butylmagnesium, Grignard Ethers M, < 300,000
reagent
L-PLA Potassium naphthalenide THF, toluene M, < 16,000
L-PLA Complexes of iron with acetic, | No solvent M,, = 150,000

butyric, siobutyric and

dichloroacetic acid

2.1.2 @N1aVa9 PLA

e Q v wAa A ‘&, 1
FUUANIINIYATN FUDVANIIANNUIDN LASRUUALTINSVDI PLA Yuagny

o

U

' . A ' a [ a
fudsenavvadlelowas (isomer) TsanunTanUd PLA mdaiaaslonil ot 3 vfia e

poly(L-lactide) (PLLA), poly(D-lactide) (PDLA) L8z poly(DL-lactide) (PDLLA) (Madhavan




Nampoothiri et al., 2010) LLamolugﬂﬁ 2.3 PLA WU PLLA uaziiuu PDLA Jgut@aniaiad

A ) ' A a e 2 & a = . a
wazmomwiniiauni nanafe Wuwwedwainwdngslianuidundnagiszan 37% 4
anndnanana 1w (glass transition temperature, T;) 13214 50 C — 80 C Uas

URNANIANABNLWAT (melting temperature, T,) Uszam 173 C — 278 C luvmf

)

PLA uuy PDLLA iuwefiwasuuueamgind T, Uszanm 57 C lagdansinizning
L/D §9HalatATIGaRNUIAVaINaaNeTAIE (FUIR, 2549) LEAILUANTIIN 2.3 Ad1% PLA
=S = n A 1 a oq,'

ITFNTANIINILNINALANGIINY PLA  wulanumela A8 uas mmmmmﬂvl,@
widaunumaslunaadnnaly PLA lasnaldanansaazanelalulasanian (dioxane) oz
WARAUARD IR (methylene

Flaunlulass (acetonenitrile) @@ alswasy (chloroform)

chloride) lasaaalsdinu (trichloroethane) laaaslsazd@inuwada (dichloroacetic acid)
waanazas (alcohol) WAzLAALAY (alkane) UNITRA waldazaolutin a139n 2.4 waas

UUAVEI PLA LAz W7 2.5 LEAIANULANGI9IZHINS PLA NUNag@nui9ziia

e

(o) (4]
o A o HO.__ J» OX
“/:u K,(./.:-
*CH, “H
L-lactic acid D-lactic acid
-

¥

o
L-lactide

CHy

) 1’

o :_1

Meso lactide

D-lactide

U 2.3 siaaslanduad PLA

ANIWN 2.3 BAMNFIBIZHING L/D dlaguu@uad PLA (U128, 2549)

%LWMPLA| T,(C) | Tn(C) | /AAH(Ug) | Density (glem')
100 60 184 - -
98 61.5 176.2 56.4 12577
92.2 60.3 158.5 35.8 1.2601
87.5 58 - - -
80 57.5 - - 1.261
45 49.2 - - 1.2651




mi’]\‘iﬁ 2.4 RNUAVDY PLA (Madhavan Nampoothiri et al., 2010)

Properties Nature work PLA' | Biomer PLA”
Melt flow rate (g/10 min) 4.3-2.4 3.6
Density (g/cm3) 1.25 1.35
Haze 2.2 -
Yellowness index 20-60 -
Tensile strength at yield (MPa) 53 70
Elongation at yield (%) 10-100 24
Flexural modulus (MPa) 350-450 3600
Heat deflection temperature ( C) 40-45, 135 -
Vicat softening point ( C) - 56
Melting point 120-170 -

1: Nature-Works PLA” Haalagu3ih Nature Works LLC 13zinaansgaiusn

. ® a a W .
2: Biomer WAALAULSHN Biomer Uinall5asuane

TN 2.5 ANUUANANIZHINN PLA nuwana@inu1eoiia (Carrasco et al., 2010)

Properties PLA PS i-PP PET

Density (g/cm3) 1.24 1.04-106 0.91 1.37
Clarity Transparent | Transparent | Translucent | Transparent
Tensile yield strength (MPa) 48-110 34-46 21-37 47
Tensile modulus (GPa) 3.5-3.8 2.9-3.5 1.1-1.5 3.1
Tensile elongation (%) 2.5-100 3-4 20-800 50-300
Notched lzod impact, 23_C

5 13 - 72 79
(J/m7)
Glass transition temperature
— 60 95 0 75
( C)
Melting temperature (_C) 153 - 163 250
Vicat temperature (_C) 55-60 84-106 80-140 74-200
Processing temperature (_C) 210 230 225 255

PLA \luwafimailszinnianands T, v PLA daudrsgeniunaila-

WARANAH Y LTw WadalUsuanlni (polycaprolactone) wadlaiaflu (polyolefin) uazwa-




flaasandaaaluiaa (polyhydroxyalkanoate, PHAs) tudt ué T, U89 PLA thisfiauting
ddlaSoufsunumaslunaiafindue 1w wadlafiaw (polyethylene) WaR lWshak
(polypropylene) wazlunaw 6,6 (nylon 6,6) idudu usadlugli 2.4

400 r
350

PTFE

Nyton 66

300 t
PvOC PP ‘ g
250 Polyester g
PET

O
by amides flex
. 200 + Ecofle: = B

- PMMA
150} e C
100

PHEN

50 F

o A A A A 1 A A A A 1 A
-150-125-100 -75 -50 -25 0 25 50 75 100 125 150
T, °C

gﬂﬁ' 2.4 @ T, uaz T, 104 PLA isuiflsusumesluwana@nusziandu g (Lim et al,
2008)

2.1.3 Ta®va9 PLA (Rasal et al., 2010)

A a

1. 1ulasnuiaiasan (eco-friendly) Lﬁaamﬂf@qﬁumam PLA %1910
1 Qs =) dl v 1 v v s v dq’ L= ' v
LL%m’mq@umemu"L@ W 971 1We T8I Lazdn2 wananhaIzIaIndasrayle
=\
NTINIW
2. WnulenuRIITIa (biocompatibility) LHasnAauLaT AW lanL
whatdalusnanmouaz Lt wne ad1hs PLA 393311052 Lo miin19@snIsunne 15w i
) , v A & & A \
AUNIZQN Tnuazans wazdrtaalsassn duwen TagunIninansunndinatiazeias
> [ aaa an Aa K 1 6 a %
amﬂmmUﬂgmm"laimasﬁai@m:uume‘uaasﬁﬂmwmwawgwmwmmﬂm
N
& @ . & Y o o A A A
3. Jugtleiiny (processibility) PLA Iujidroanusauldaidailiouifiny
AUNWARANTININAL 9 1T PHAs, waRiafiawlnanaa (polyethylene glycol, PEG) uag
wadmlus- wanlnu (polycaprolactone, PCL)
4. UszREAWRIN® (energy saving) 13489310 PLA @89n1SWRINIHIIN
WagdalunITUIWNIHAAINEITo8aY 25-55 Gdtaunitwalgannnaa laainilasias
LLa@alugﬂﬁ 2.5 uazimstszananisinluawiaanwasnun g lunisnaaaziasniisasay

10



10

1807 4142

140 []
120
100 92 9 87

MJ/kg
o,
~

o ] 4 o N © &
\o"‘é) \,}Q ,&\c C}QQ Q o dQ\ ‘\@\ \\e'z} . &
{ - J
= cF,\“’ Q“:\(\ & & \’Qo‘f

gﬂﬁ' 2.5 wagawilElunnsuaa PLA (Henton et al., 2005)

2.1.4 2931NAVa9 PLA (Rasal et al., 2010)
~ N o A A .

1. ANuMHE26 (poor toughness) PLA Liwiaqfildnzann delidazes
fa s 9eneuniniouaz 10

2. MIYauEAIud LHaIaINNIILaLAAILTEY PLA 1w Lhad uwlJisen
lalasd
a o 1 1 a 1 J s
Taasiduniinyiamnes uazeasnsdasaansved PLA Junuanuiunanues PLA
iwinluana dugiuing uazlSuusaailaiad

3. 1anyiashlunsuiten Wesan PLA WResdamavidfizen
wduazlifingdashlumahy jasen

2.1.5 n13uils31 PLA (Lim et al., 2008)

X ' o X % .

PLA sansndugdidlasnszuaudnig asil m3dasa (extrusion) n13dia
L . i . i . &

(injection molding) NM3tL1 (blow molding) Nt A& (blown film) mimugmmumaﬂu-
6 a . .&/ a . é’ v .
Wasuile (thermoforming)  n13duztuuulnuis (forming)  n3fiugthdwidule (fiver

spinning) LLazmiLLﬂsgﬂI@smim%wLf]u PLA AaNlwan
2.1.6 N131%91% PLA (Madhavan Nampoothiri et al., 2010)
1, mﬂfmumaﬁmmsgﬁmsﬁ LU INAEEN WA ﬂa‘uﬁaﬁummi
uwazIggnunszunn (uedu
v 6 I 1 = o 1
2. MIFNUNINIUNNG 13% UNUaINNIZGN lTnufion sdaadaassn
uazAInwaNey Lluan

3. fae;a%ww%’umimwm Rip)! ﬂﬁuﬂquau 3k LLazﬂizﬂNﬂﬁﬂﬁ“ﬁ A
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2.2 919593NB16 (natural rubber, NR)

HNITITNTGABaNn 19l Ao Ta-1,4-wad balowsu (cis-1,4-polyisoprene)

[ [
a o o

LLa@olugﬂﬁ 2.6 118998l na U9 sIINT AL dwlalasansuaun luded a9thwd

[
e [} IS

azaelddlualivinarans N buded 1w LUUuTW (benzene) LaztanLw (hexane) Luan

lasra lpesrinmddilassiiinsiailosdivesluananuuadmgn waluunaaniiz
@ A (A v a a a o A & A K

luanavasswsansndalusardentraidumifoufgmngiian niallegniadsmunsn

v I3 A

a v = { a ; o g 1 Y &/ =3
Lﬂ@NﬁﬂvL@ ﬂ’]iLﬂ(ﬂNﬁﬂLﬁadﬁl’]ﬂqm%ﬂ“N@]’]"ﬂtﬂ’]lﬁEI’]GLL“IIG&I"IT]“II% LL@]ﬂ’W@‘m%ﬂu&lg\‘muﬂ’Nﬂ

U s 1 a ni a =S d'l = s o [ a wn
a:aauama:naugamwm 1%"1]mz*ﬂﬂ’]im@NaﬂL%ﬂd’%’]ﬂﬂWSU@(ﬂ’J ’ﬂ::‘Y]’]I%EJ’N&Jﬁ&IU@I
LBINaa ffuﬁamoa:ﬁmmﬂumu@iamaﬁa AMNNBNUADNITANTIA LAZAINNUNY

damyTaagI (WID3, 2547)

n

gﬂﬁ 2.6 gmﬂmaa‘fnmaamoﬁssu"ma (Oliveira et al., 2005)

2.2.1 @ndanallvas NR (WI¥TT wazaasa, 2550)

1. anwiangu (elasticity) avUanNudanguwiuanwusidudniszns
A =) 1 =) { v 1 §
PHIVDILNIFIINTIA NANAD ma'ﬁsimmﬁmgﬂLme:ﬁmmﬁwquga WausInewan

ANINIZNLLIRN L maazﬂﬁ'uﬁu;jgﬂiwLLazmmmﬁuvl,@Taai’mnm%

2. anuwmilendanu (tack) ssTINm@luanmwndsliudigy audad
A 3 = Aa [ A @A o o a a o e o o
Wovluaiuanuniierfenu SodusuiddiayreinInianianmwyinaesandonis
UTeNauTUEINA 9 11G8N% LT1 81988 TNUUG LDUA®

3. ANUNWNUABLIIAY  (tensile  strength) LﬁaaawnIuLaqamaaywa

=2 A A A

ad =) =S o 3 a Y =S A a ‘&’
ﬁii&l“ﬁ’?(ﬂ&]ﬂ')’]&lLﬂ%itLUﬂUfﬂd"ﬂd“ﬂ’]l‘ﬁEl’]dﬁ‘ii&l‘ﬁ’]@]@lﬂwﬂﬂvl,@d']ElLllaﬂﬂEl(ﬂ PINNNNLNAVY

U

A

TIULRINANVUDINTIIANLENS  AIRUIITITUTIAIINAIANNNUNIUA DU TIAS 3NN

Taof bigaslTR1IALANIRIULIITNTIE  NITANRITALANIRIVLIIAI LU Az T8l A

VA o

X A [N & | [ \ !
ﬂ?ﬂuﬂuﬂﬂugx‘lmu N a@JU@]L%aWﬁﬁ]zLL@]ﬂ@]’]ﬂﬁnﬂ m\‘ia\‘iLﬂi’\x‘lfi{a’ml%wuﬂuﬂﬁﬂ’m’nu
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1 =3 c'; =1 1 o U a U = a s
NuMBEaLIIAIAT 39 hauInin ldlTwlunsiainssvlduanainazinisidusnsan
LANLRINWIILTNT LTI T

4. ANUNUMUABMIANVIA (tear strength) LILBINNBIIFTIINIFFINTD

(7
o o )=} '

@ﬂwﬁﬂvl,@i”l,ﬁagﬂﬁm I maﬁimmﬁﬁwmmwumu@amﬁnmmqamnﬁhﬁ
qnmgﬁ A9 LLazﬁqm%Qﬁga MILANENIALANLETHLTIAS M Avzduvi 1A ununiIn
. » &
AoNIANIIAVBILNFITY
wa a an . . ad wa A o AaA
5. RNUALTINAIG (dynamic properties) 81953TNTNARFNUALTINAIANG
maﬁmsgmuLﬁywé'amuslugﬂmaam']u%”auﬁﬂmzm'mmﬂ*’ﬁmu BANAINNHYNITITNTG
FaflanudumudanIana (fatigue resistance) NFININBNGL
6. m’mﬁ’luﬂﬁu@iaﬂ’ﬁf@g (abrasion resistance) HNBITNTIAN AN

%

él”mmuoﬂ'aﬂ’ﬁi@gga udesaasninenealasuiineladu (styrene butadiene rubber,
SBR) Lanae adi lsiaulaiIoufisunuessienziafiadu 9 wudnenssssusiad
@hmwﬁ’mmmiamsm”agagﬂuﬂa:uﬁgamﬂ
7. anuduauwinlnw  (nsulation) 1953TNTGTANNTUAUIUNNG
o v ¥ . e Lo 15 16
Invhgenn lasfidndrumulunwidimng (specific resistively) g9fia 10 #ia 10
ohm.cm
8. AMUNUNIUADVIILRAILATRITLAN  10991NaIAUTENaUVaILN
srvumAugnTialasansuann il a9t B9auIazans laa luavinazanun bdan
\ a a o g o a
LT LT LN Lmﬂ‘ﬂﬁau WA AUEINITD IRNITRZANEHIZAARIDILNILAANT
d'l d'l = a U 1 aa A
a3l LuaamﬂmsmaﬂmmaLﬂmaﬂ,wLaqammﬂﬂmaaﬁommm 3 mlumomgﬂ 9
22 1T ATIIINITZUIBAITASRLVDIL momgﬂ%‘uﬁmu@iLﬁmmsmmﬁluﬁaﬁmzmﬂ

o

AR 8819 IIAGNITUANAIT LI INE YN A FN T ALEINRUILNIAD LAY a2
3 As , R a A o A a e g
mquma'ﬁﬁmwmﬂwumamuuﬁimmwmamma:mm%umma 9 wanNNHY

FITNTIRLINUGAANTALAZAN1ILDDI LAGLE LUNUADNTA AT NS NI UL DT U

9. MItFaNEAINLaIINaNNTaulalTULAZLEILAR (aging properties)
asanluanarassisrumainuszgadun  ldssdashdenaidjisonuy
pandLan (oxidation) lagdussuaaniannuiouduaanislfison asnuesssnmaas
Qﬂaaﬂsn]jvl,ﬂ‘ﬂﬁdﬂﬂ WONANHYITITUTIALI Lain e ala lar LW‘sszﬁaﬂwgﬂﬁmLa:"l@T%'u

lolowuu 9 aziiasasuanuwmalandiwInannnuswiwia luiiaasannufianians
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Haaedend @TqyLmﬁlmzmwmmﬁmwﬁmn”msﬁﬁaﬁaaﬁmnaumimﬁmwﬁ@ LT
fIUaINUNITLTONRNIN  (anti-degradant) wazly  (wax) Lﬁiaﬁmmﬂqmﬂfﬁmummma
FIINTG

10. msﬁ'maﬁqnmg @1 (low temperature flexibility) 81953TNTIALIAY

> e 1 Q v v /a o lé {
iﬂmauummmﬁwqu%?ammmmmlummma"lmLLwﬁqmanmnmﬂ 9 TILNH

v 1
vaddada

RUUARNANING9BTINTGAN DY 2 v8ie Ao 819029 l@du (butadiene rubber, BR) Lag

819%8 1A% (silicone rubber)

@ .

11.ﬂ’13ﬁﬂ3ﬁﬂ%a”dmiﬂ@ U (compression set) H1ITITUTIGUAN

[
[ 3

compression set ﬁauﬁww‘hmﬁqm%{]ﬁ DAL ﬁqnmg gathunany agnglsnauen

. 4 Ao { a & a
compression set ﬁqm%nﬂummaamaﬁmw%mzawu Luaﬂﬁ]’mﬂ’lx‘iﬁﬂ'ﬂm@m’ﬁ@lﬂwﬁﬂ

u

lianuianguvassnadugyield lumefidn compression set figmangiigazasens

a

a J 4 a ] 1 v a {
syt Aezdldgaln (hadann UWG‘EES&J‘H']@IVL&IY]%G]EM’J’W&I‘SQ‘H #1939 AANTLFANENN

U

wn

faNaYn ARG compression set fauas

12, MINILLAINTZABH (rebound resilience) NBIINTIANFNUANT

v é 1 a § Qq// U 1
NIZTLOINITZADUEI mgamwmwu@ﬁuﬂ NN onLtwe1d BR  wazluizwinenis
A ' = o o o A A . H
LﬂaﬂuLLﬂawaogﬂsN mw:gtyLaswaaaﬁulugﬂmaammsauuazl A8 4 hysteresis @
Al A £ ol d' v a ™ a dyd a

PN TITNTIRINAINNTOURERNGAN manﬂlmm‘lmmwm@mwu@mommzlumiwam
wa@nmmmmmm@lﬁm LT mamms‘nﬂmamaaamsaauu LNTIZANN LT BN N A3
%’auamugaﬂmaﬁﬂﬁmuﬁmuﬁ@iﬁdﬁzl

@
2

13, amwﬂmaamﬂmm HNITITNTIARINNID LTI LA N D guunndaaue

55 C aufa 70 C athalsAmaminiiuenalinae QAN AAIUING B1BIUAANITANHEAN

]
=3

A o v I3 &/ a A [l ] a L% a wa
Fazilienudiduuszgaifvanudanguld udillogunpiinsldaugaiuld audd
\TInadng 9 Nezdasadiiasnnanusanazyhlienaiansidauanin

2.2.2 M lTHow (werdss, 2547)

1. g19rssuadausaaidonlusunnudeansids uadldlaiduans

a a A ] =3 dl a a o 6 a [ A

wInussuazdnnuiangugannisninefalslunnfonfadmusivniziia 1w gaile
B9 IEndauiY uazenaTazad iludu

2. PIBTINTANFNTALEIWATA (dynamic properties) 71 anudantn

aa Y i a a ¥ o =] wn =
E‘JN IHmmzﬂNﬂ’J’miaun’qu (heat build-up) ﬂLﬂ@Tmzl"ﬁﬂ’]u@n LRSHRNUANIILAUYN
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%

AaNWNQ %fiammzﬁm%’ummﬁmmmnmmn g9aaLaIadin wialdnaunuend

RILATIER BN INRALNITOLUE LiTUe

@ ]
@ A

3. mammm@ﬁmmﬁwumudamsﬁﬂm@qa qumm‘]ﬁ@‘huaz

qm%gﬁga JuRIzERILNMINEAINIEIL IS LWSWZI%ﬂ’]SLLﬂZ‘TT%GW%ﬂE]ﬂ'i]’mL‘fﬁl%
' a v 2 A& v A Ao A9 o2 o a

izmwmzmummammaa@wmmaaﬂmmmw&lwﬂlummzmau mmlmmawm

AN UMUADINIIANTAY m:ﬁ"auga

2.3 #18195330B1® (natural rubber latex, NRL) (g, 2548)

%

:’ ada a A A A = [
eesrrumalansusidusasnalrfaniniadniu Jenwidunoaaasa

(colloid) lanayniapisaznizanselagiudinaafiiduin ihensdanunuiuiu 0.975-

0.980 g/ml { pH Uszanmk 6.5-7.0 aumasadizdininauniagdanunizuma 0.05-5 Mm
flaynadngg wiiusesagluveanad aymamaidlszaduaunaniuagasaaiianiy
IWaumamaiuusinaasuazassmuiduinmsag e aundrazlanwwiadauuaziady
1 o v Aa dl é o ‘DZI = = s o o
@199 umuwilimifensilfsuudas Geasvhldthenadoiafosanmwiazavainwd
o 4 A o Ao \ ' A . A & ] A 9
Aauluihensazldudsznaunanidayey 2 du de druiidulossuazdiuilails
psuaaslugy 2.7
sudsznavvasiingny susoulsaanidu 2 daulng 9 fe

1. gawnidutibasnd Useunm 35%

Twitasnsuwatsznaveay

8113 86%
#h 10%
RIIWIN b 3%
fswanlysdn 1%

2. @anwn il Uszunos 65%
Usznaueig 2 sauwndnyde
fuNduwinnIansuningia 55%

' & A A AaA ! A a
a’)u"ﬂaﬂQVIE]EJaLLaZﬁ']iau%iaqﬂL‘iﬂﬂ'ﬂ’]akl»ﬂ']ﬂLWTﬂaaﬁ 10%
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" Proteins

Uipids
Metals

Upias

Carotenoids

" Proteins
Amino acids
Others

Proteins
Metals

_ Other

Eﬂﬁ 2.7 auisznauwastingnd (Ferreira et al., 2009)

2.4 NaALNNALNNIAILAN (polymethylmethacrylate, PMMA) (aluany, 2552)

PMMA iuwadinasndansmeldsla mienr waznuwnn g@lﬂmoa%”’m

uwaaslugu 2.8 fidn T, dszanm 105 C awnsaazaelalulngdu (toluene) Lundu

Aaalinasy uazlafinazgian (ethyl acetate)

Eﬂﬁ 2.8 lA3989TaINaALNNAANNIATIAN (Ebewele, 1996)

2.5 INABANDALND bILBAW (polymerization technique) (aluan, 2552)

wataluniswadiualsioruitsaanidw 4

polymerization) LWUURIINEAY (solution

polymerization) WULBNATH

WUU A8 WUUUAA  (bulk

@ o

(emulsion

polymerization) LRSWULLUIMABDE (suspension polymerization)

2.5.1 WOALND ISIBBUULVLIAA

TuszuuazdNaINataLNaITLATA2SISNLYIN lauNyanaLNaTLaza25ITy

v A

s v A a dyd
mminazmﬂﬂuvl,@ TILNAUA KNV

A v 6 1 a e o 4 v a g
fa I%Qﬂﬂim\‘]’lﬂe] LLaxwamuawvl@ﬂau"u’mmqﬂﬁ

a
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a = = 1

gm%aﬁﬁ?uﬁaﬂuwauagﬁaﬂ LATaLRY A UNIINTZANLUAZTNYNAINNTaWY 9Tz UL LNA
dll A ai QI J o v a aaa ) v ) a
LuaomnﬂmwuwLwumumlﬂmimuquqm%{]maaﬂgmmm%mﬂ LRTNNIANAA
& v aa A o ’~ & o [y
YanaluasuazaSISunanadlunadiuasinlasin

2.5.2 WOALND ISIBTUULUEITaZaNY

o o

Imzumzﬂi:ﬂauﬁawauamﬁ 23130 waz@riazaty n1Ilaavin

v

azmsaglmwuﬁ a6 Ao M lWnInIzauLaziNUINAINNTaUVBITEULANIINa AL 13-

o v ¢

irtuupuaduazildanunitavesszunlaigs Mldaansnaiuguamnpiivas fisen
ldhouazwafimainlalugdvasatazasanain llfuslondldlasass Tadveunaiia

aqll A A a & v a 6 a & o aaa 1 A
# fo o1vldluniadfouwaiiwasnlaidunadiwaisiadulasnisvinl jisondatiios

o

lauass saudolFuvesinaiiads Aadavirazananldoraildifedjisonsdreaslds

LAZNNIVIAGIVINAZAI8NN launtNaIvinaz a1 T n eI

2.5.3 WaALND LS BTWULUUDNAT®

%

luszuudsznaudiy yanaldas 251530 920819 wazduad iwiaas

= o A @ o v A

(emuisifier) §4 leiun ayvivwinfiaaussdefivesiuieliiinan1iz8datu Tadvaq
wmeliall da wuvazlanuniiadiasaadfitewazaansaniuguamnndve sl jisen

o a ed A [y A & ' Ao o A = & a e o
VL@ 18 WaaL&Jmm@liﬂuvlmnﬂmﬂuﬂm]zaglugﬂmadaua"ﬁuﬁiammﬂéﬁ WaaLuaTﬂvlml:

v v
a o L

A o @ o R o Y A A wa A
wuw%uﬂIwLaqaqaLLazummimzmmjaam%uﬂimaqamwmlﬁ@wamuasmaum‘n
= VY oA P a ead A Y Aa o A & ¥ "o o A
A weTaRuvaINAtaAT Ao waama?nLmﬂﬂm:uauaﬂwLaasﬁmﬁauag lvwas-
€nl' @ o a A€ a d'd. U
LwaswvlﬂmﬂvluﬂaUusq‘ﬂmmzLﬂumauﬂ‘nmﬂmﬁnUqa
2.5.4 WORALND LSBT RUULUDINADEY

luizuﬂﬂizﬂﬂﬂ@hﬂ VaUBLNET A23LTN LATAINAND wauama%ﬂ:vl,w

=3 3

o ' 'Y v aa &
azansludinasudazuanaanidudaldan g dronInin wazadssudsazaeluuanaiuas
znafiualsglnidaiing tmarlaiduidaidng mi’mvhi&gn daduadinaiah Aa o
ANa19T28 1 UNIINIZIN LA TN INANNTARYaITE U LI IR ANNRItaTaITT UL Lay
mmsnmuquqm%nﬂﬁmaaﬂﬁﬁ%m"lﬁd’]U wanINRLIRINIIOLENNARLNaINLaT N ladne

2 g’ d' =3 a €n=i ) U A
lagn1INIaIuaza9than g Sewmavaddanafiwasnnanzanatath il founsaus
gﬂ"lﬁﬁ'uﬁ fRTUTDLRYURINATARAD YUIAVDIRLANAUDLNDTHHNAGAUUIAUBILAANAA-

Lwaﬁ@ﬂmmmmuqﬂ@ HNNINIW
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2.6 n31Alanaatuas (graft copolymers)

a 6 v a & & a o o A (2
ﬂi?‘l/\l@ﬂﬂwaﬂLNQSﬂiZﬂﬂU@?ﬂWﬂﬂLNBi%%GG] ‘VW]’]%%’]‘YILf]%Iﬂi{]ﬁTN
o = a 6a a = a )= o a o & 6
wan wazineadiwasanadaniainzaaialonnuidunsnuiueana (A3NnTh, 2548)

LLﬁ@GI%Eﬂ‘ﬁI 2.9

Eﬂﬁl 2.9 lassansvaInTnalanadiuas (Ebewele, 1996)

2.7 nMsdstaszinndlanaatnes

a [ g (% ada )

NG lANaRIUBTENNTOFIATIZN LARANEAT LT

1. nvdhearslduaznislanaatualsis®uw  (chain transfer and
copoly merization) (U311, 2542)

dunawefiwaliiotuuuvayyadaszlasendudiinUATe 13w 1w

a 6 6 . A o v A a 1 [ a
ladailasoanlod (benzoyl peroxide) Savhlifinauyadaszunamuolanananayyadas:
ed o o . | 1aaa ' ' ) = =
vosnanaiNainiatle sulngjujisonsiislaveyyasenivimsls nunois mids
A A Aa A . Ao @ A @

azaawlalasian wianineuyadasz dsadlumelaniraslanianinnissaindlves
dunljitenivezaenlalasaunnmolswefinainan ielimolonanaglusninues
apyadazdnibifiafsdaludiuaaslugln 2.10

R + _CHQ'(PH_CHZCI:H_CHZ?H_ —_— RH + _CHz'qH_CHz'CI:_CHz_

X X X X X
: X
—CHy CH-CHyC-CHp— + HpC=CH  ———=  —CHyCH-CH,C-CH, CH-
X X X X HC X

|
C|)HX

U7 2.10 mufineuyadaszuumaolanan (U3m, 2542)
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2, mﬂﬁﬂﬂ’l‘ﬂ%’%ﬁwﬁhmugd (high-energy radiation technique)
(loeit, 2548)

d'l a s o A [ a A

awaAweTldiumamneTainatnugaziionanszny 2 dszns fe

1. ifiansgRsnyiagdudne 1ou lalasanezasnnnmuolswafiued

2. meldnanwiaaan

a a

4 & - e o . .
TINY 2 ﬂitﬁagl,gaaaiz*‘nad‘waaLuaéfﬁummimwmﬂuwaamaﬁnn

u

a [ 4 <

ausFusAadunTndlanafimasiazufanlanadiuasla NIRILATZENTING lanad
LaslasanyTI® Co-60 IANUINENTITNTIANNINNNALUNIATIAN i lwlszanTaInnng
6 é’ 1 a [ a a
ndgaduuazluszuvalddanglalanefimaiveswufisimasian
o ¢ v A o .
3. n1sddtasIziinagnIzuInn1siNlatAaliaa (photochemical
. o e
synthesis) (lra7@i, 2548)
a A gda o A A o ' =
8138UNIE uimaaiw‘nmm:aummmg}@ﬂauwmmmmﬂumw
RINITONDILAU LG LLa:é'amﬂﬂaLa@lﬁﬂﬂmaqaﬁ?aamamﬂﬁamm‘”uwé’amumﬂ
d?l' o % sé a :?l’ o 6 |d'd 1
soruzAulldianiuznizdu Sanailaimuisathlddszgndnumslaanalna fidng
Fadldaussle aam”lsﬁmuﬁwa§L&|aiﬁm"l,;iﬁ*’ﬁﬁ@ﬁ%ﬂizéjmﬁULLaa"LﬁTmlma WAL ON
% dl v a o v 1 v =}
waamumaﬂuLaqaﬂgﬂmz@;umnmuvl,ﬂmﬁ]mi%mmisﬂmaqammaaﬂ CERRIATIIEY
wauama{agj@ﬁmzﬁwaﬁﬂﬁﬁﬂawaﬁmaﬁmuué{aﬂ LL@iﬁ’m;‘J;@i”mfwgﬂm:@jm:ﬁﬂﬁ
AanTINd lanafLuasin
4. NMINDALNDS L3FUUUIABNT (redox polymerization) (U3, 2542)
ada [ 6 a {d‘d a a nll o a
Lﬂmﬁmsmmﬁ:%ﬂﬁwmﬂwamwamuﬂizawﬁmwmn‘nq@nuwaa-
A + A I A a 6 . v
Luasmwvl,amaﬂm i wad lflauaanadas (polyvinyl alcohol, PVOH) tduau luns
a aan = yaa . . A a a 6 e
WadfAsonuvieandlasltdinlasan (ciic ion) w38 aanGladoialand (oxidizing
Aa 6 o % a 6 A a & ndg = a 6 A g
agent) \luuamasdvilinefiwesiineuyadarzaaitilidlalynefwedifatuluzuy

INTIZNaRaLaS lidadldagsn lanan
Aa 6
2.8 NaAalLNDIHNAN (polymer blends)

a 6 A a 6 ' v a A a 6
WORLNDINFN A8 VBINFUVDIWDRLNDIDEIUBEY 2 ﬁu@maiﬂwaamm 2

a J 3 1 a 04 £
THAU L Gﬁammmumﬂizmmad‘waama?wawimmﬂmaqavl@ 3 U3z1nn e
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a 6 ¥ v . . A a 6 a
1. WaRLNASNANWLLNAW A (miscible polymer blend) @8 WaRLUBINRUN

v o @ ¥ o A o a a .
fonudnuldluszauluanaduiiodonu Sidwasudaszvasfivy (Gibbs free

energy, \G,) vaininaNdasdanduay AG, @ AH, ¢ 0 u wedhfiaaaslse

ad

(polyvinyl chloride, PVC) NUNaaTINaUNLININLas (polybutylene terephthalate, PBT)

2. wadlNasHanuuuinwldla (immiscible polymer blend) fia wafiuas
wawi biduitaidsnuddwsinudaszaedfiviinnnigud A, @ AH, >0

3. WORLNASHRNUWULLNAW IAUN9EI% (partially miscible blend) Aa Wad-

6 A o o [ 1 % 1 21/ a Qs ' a 6 a nql’
wainauitnwldusduluszauluanauaz liiduiaidioiny uinafiwesuausiiafaz
=} = 1 3 wn dg
fusadagarznivigmauazautauadznifiu
a 6
2.8.1 WARA IHNILATBANDALNDIHAN
1. dSudpsaut@Benaundsens ldun maivanudiuniudaunss

NTTUNN MIANANUNBADUTIAT MILAUANULTILRzANURTED

=S

2. ﬂ%’uﬂ‘gaauﬂﬁaus} Ad09n17 laun n13da v nInudasnIwauna
21NN NNINUADRIIANLATFTRZANEY
3. L@?ﬂuwaﬁmafﬁﬁmﬂﬁﬁ?mlumwaw%aLﬁ@ﬂﬁﬁ%ﬂﬂmﬂum%m
NRNIEHININTHEY
d' n' 2 > a 6 :i s =1 ~
4. WatRuaud Tk lalunadwainan e lwignanszarsdvuwiaan
9lANT MR TINNANUTNWIG 1 UAanlawadlnas waznTWdlanadiuas
a YY) [
2.8.2 NINNAINIZINW LA
MILRNANULTNW lavaINadALNaTHEY wivaantdn 3 LUy Aa
2K a ] [ d'l s a I~
1. MIsaunfidTznivIgme Waliigmenszanadawaldnas
2. MatAuANNLEDgIvadIga Ae e WlWiAemsfounlainians
= = 1 Q 1 J
mwmnulmmaaagmm:mnmﬂmgﬂ
3. ﬂ'm,ﬁ:uLLsaﬁo@mm’mi’gmﬂ Ao msw’?wLLiaﬁagmzijfgmwé’ﬂ
nuIgManszasvalitmenwands onavi ldlasmadusnsiinanudnile el
el Jisenszniemanay lagazifansenidiniimiafiaseningignie

283 WOALNOIHANITUININAIEANNULIY (rubber-toughened

plastics) WaRLNBIHENTZRINNANRANAL LTI KU8Dd waRtNasnauNlauuadn
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a 1 A a dll QI = v a ad a a 6
WRIRANWAINITLANE989 1) tNatRua U Re lwnuNaIgdn FFn1TLaSuuNaRLNaS
NENTZAIINAIRANNLENY wiisaanidu 3 itnafia Aa (Mansion and Sperling, 1976)

1. INARANIHINLTING LT% NNINEN PVC nuwadinazladulaazasla-
Tuwlass (poly(butadiene-co-acrylonitrile)
a = a 1 a =
2. INABANTLASIUNIINGA AW RLNATILEIIRZANY LT1 WORR LOT NI
NICUNNRY (high impact polystyrene, HIPS)
3. nafaduatuwwadiualas T 15w azaSla bk laTaiias la A s 103t

(acrylonitrile-butadiene-styrene, ABS)
2.9 MIAIIFdULANAT

2.9.1 MWIVYNLNLIVDINUNTINNAMNLAEIVDI PLA

Yuan e Ruckenstein (1998) AnsmItiuanuniaives PLA 6ag PU

o A A Ao ' ' . . A |
(PLA/PU) laglt PU 3 aila defiaamnaiulasluavad OH 524314 diol Uae triol ALANEGNS
A% Ao 10/0, 9/1 waz 7/3 (PU-0, PU-1 uaz PU-3) laglf PU 5 % luwaRinasHay
PLA/PU G130 uuuus1Iazay wudiwadiwasuay PU-O/PLA  dvzuziia o 30270

Sy . . - P .

WNT% UdANUNUABLTIAILATNRQARAANT (183910 PU-0 danuidudauinnin PLA

LLﬂzﬂ’J’mLL“ll‘:\‘]LLS\‘]“Uadwy%ﬁz‘laiﬂﬂﬁ]%ﬁﬂﬂﬂﬂ’j’] PLA 3F9AANIIINGINKLEY §INAPALT

' o a 6

ﬁd@mmdw PLA WAy PU-0 #@1é1 waRluasuay PU-1/PLA denszocila 90279
A & = a a = 3 A '
VANIUFING 60 % UAzeMINALNANFINI 18 MI/m L1 Ha991nTEWIN9 PU-1 Uaz PLA
Wian1sxea Lo nudus19uruuy semi-interpenetrating polymer network (SIPN) w@waa-
A a 4 | A & '
LWASNAN PU-3/PLA S381USu1sn 1aifonlasmnuds wuinszozia o ﬁg‘@m@a@aaﬁa
A ' P « a X 4 P A a X

25% LHadNnNdIuVa9d SIPN ANUUDILNNTW TIAMNNARLINAND LT UHANIITNANN
am]'aﬁ'mzmwmmLiTwﬁ'u"l,@Ti:Wm PU uaz PLA NtAan stfauloanwtduwsnainnuy
SIPN N PLA WR¥AMNLTIUDISI WL UI9UA

Jin WATATHY (1999) ANBINTLATUNNDALNBINENITHING PLLA LAz Wai-
lalawsu (polyisoprene, PIP) (PLLA/PIP) uaz PLLA Auwadlilawaanadaa (polyvinyl
alcohol, PVAc) (PLLA/PVAC) 3mnMsdAnsauianisnnusaudngdn T, 2 61 uae 1

(72

AN NNEOL TITIRRRIWaRINaTHEY PLLA/PIP tunsuaunuutnnw bl saunad-
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\WBSHEY PLLA/PVAC tIumMIHauLuudnnnle adnudaasauninndlanafimasszning
PIP il PVAc (PIP-g-PVAC) iNatasuuidunadinasuauny PLLA (PLLA/PIP-g-PVAC) i
8031874 PLLA iU PIP-g-PVAc fia 20/80, 40/60, 60/80 uaz 80/20 lastinin wadwa¥
W&y PLLA/PIP-g-PVAC Ungen Ty 2 6 Wudn e Ty fidnaziduaad PIP aauen T, g
Wuwes PLLA uawuintlatSunmaes PLLA annndisauss 40 laasihnin azdsngen
= 1 a & v & 1 1 a 6 ¥ o
T, LiNpsaLden Fsugasldiiuingrusas PVAc lunawdlawafinassansnidnnuny
PLLA anayddiinanuiiwafinaingy PLLA/PIP-g-PVAc Tduaqdas szuzia o qa
2190 WaTANNIUMUGBLTINTZUNNFINIIWaRINaTHAN PLLA/PIP
. = I3 a 6 ' a
Wang waz Hillmyer (2001) @nunlslaudanlanadinessening PLLA AU
PE (PLLA-b-PE) Waidussiwnanudnulalianuwediwesuay NR AU LDPE
(NR/LDPE) lagwafiuasuay NR/LDPE La3uufianinain 80/20 lagiinnn anamgn
Angrwuinduwnisusunuudinullle $sezdanngmisuennuvasigniales PLA 9
% > ' [ d! o v = 1 o a ;
wignanandin LDPE azduigaianszay daliundigasznineipniaiidiei
v A Aa & A a X A A A @ \
wiidszeziio & 9avavaInefNaiHaNssldwANdwmdallToueuny PLLA U
ANUNUABLIIAY WBQAR WAZANAIUNIUGdBUTINTzUNNTA1aaad udidadnida
PLLA-b-PE 133104 2% ldeiiwafiuasuay NRILDPE WUIN&1W1I08ATWI0UNNATEY
v 4 a QI J ]
LDPE lduazifiatSanmuas PLLA-D-PE tnT191n 2 104 10 % 2w1aaunaianadating
1 { 1 v 1 a QI &/ s 1 v v 1
daliios fnalilTadagarznieigmaindu wazdismalianudumudausinizunn
o X \ v o v, | @ ' & @
WntnagwilibdAy  wianunudeusidiuazuagaiaiaanadnias
Anderson UaTAmMY (2002) ANEINNTIANANNMATALITES PLA lasns
A Aa 6 1 [ ¥ & a
WwioNduwadinasHaNI=ning PLA nU LLDPE (PLA/LLDPE) lasnmsliudanlawad-
\WB3I¥ning PLLA AU PE (PLLA-PE) Jusnsiiuanudnnulelwnuwedinesuan
PLA/LLDPE lagudsdSunavasufenlanadinasnld 2 oiia As USuasvasuden PLLA
WiNNU 5 kg/mol [PLLA-PE(5-30)] wazUIaunmuuasuaea PLLA t¥innu 30 kg/mol [PLLA-

PE(30-30)] &w3unadiuainay PLALLDPE asaulusasidin 8020 Tapsimiin a1n
gougwinowuindunsnaswuudhiulaild aueeunadsznim 6.4 Mm wazilad
MILdy PLLA-PE(5-30) Wz PLLA-PE(30-30) awiaaumalzuwiaaaaddszanm 4.3 uas
0.9 Mm MUEIAY ANMUFUNUADUTINTZUNNVDINEALNOSHEN PLAILLDPE Se1iiiadn

Weoadnias Wasmnusndsgasznitvipnmadiuazamiaaynialuignanzanoiauwe
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oA a @ . s A X & o v A a
1%11]" LﬁaL@]ﬂJ PLLA-PE(5-30) A0 BN UABDLLIINILUNNNIANL NNV LN Y LL@]LﬁaL@N
&

o o o £

PLLA-PE(30-30) @inanu@ %M udausinszunnazdannudinasniivadiay sianatie
o o L & a & o 1% 2 ! o A X
mﬂmswunumaam;ﬂeﬁuaaﬂIﬂwaaLuaimlvsLLiamgmzmnagmmwmu
Li w8z Shimizu (2007) AN®IMIANAMULAKEIVEI PLA 628819N0R

6

8nay- Sinu (PU) toToaiduwefiweiuanizning PLA uaz PU (PLA/PU) da8mIna
Lmumaulum%"aawaua‘"@%'ml,uuaﬂg@; ABATIEIUWININANTEWING PLA U PU a9t 90/10,
80/20, 75/25 uax 70/30 lazsiwiin anautididewatanuinduwmsnauwuuaniuwle
UNEIULERNFMIUINEuaasliiduinens PU uanszaluigaiananuay PLA
NMNENTAEIANNTE® WU MILANENd PU laiimssudisasannisiiananaas PLA T
5295 uAgIanUSuNmuENa9 PLA Bndas sutidifinavaswediuaingy PLAPU 1
saain 9010 Tagsiwmsin wuin szusia m agmwmﬁwgaifuﬁﬁam: 225 Uiy
NUABLIIAIFINI 47 MPa WANINAAMUT UM UABUTINTEUN LA To = En ) 90919
Ruduathdaiiioaidatsunnmes PU Windu wudn sasdin 7030 Tassiinin e
@Tmmu@iausamummﬁugoﬁa 315 J/m’ LAAMUNUADUTIAIUAZNAQRTAAR 1H8991n
@im@@;é’mm:mmnu@immﬁwaa PU éndwas PLA

Ishida uazAme (2009) ANBANSANANURATEI TS PLA  eag8nd 4
Tfia fa tafiaulwshaulanadiues (ethylene-propylene copolymer, EPM) az@3lalu-
lasadrazladu (acrylonitrile-butadiene rubber, NBR) 8n9tafianaza3aa (ethylene-acrylic
rubber, EAM) Wazendlalaniu (isoprene rubber, IR) lasiaSouiduwadinasnay
PLA/EPM, PLA/AEM, PLA/NBR 8y PLA/IR AIUNTNRNLULRRAN WUITNOALNIHEY
nawuaianisuanigninetnataian laod PLA  iduipaananuazsnaduipnie

N32918 MNRANINAFIUFUUANNAMNTOUAILNATA DSC WU’j’]Lﬁ%ﬂ’ﬁNﬁNLLU‘UVL&i

v 1 s

NN ALIEINAIFNREIZAI9I)NIAGT @99 IR > EPM > AEM > NBR WU 6139

]
o o

INAIFUNEIZAINIPNAAINIINIZALAIVBIIYNIANTEANLNA URATWRINUBFIN

)Y

@ -2

[ =)

NUA @9% NBR > AEM > EPM > IR WU Wﬁi”amuﬁmzﬂﬁuﬁwaamwzgmﬁamm

D

%

29910 %aNINNH NBR 1‘1/%’1@’3’1%61”]%1’1’1%@aLLS\‘iﬂiszﬂg\‘iﬂ’j’l PLA D9 2 1% @i’ma@;aa

° o '

\ = . A A , P A a X
wazAwNuaanIIas ldinadfswidasadelnedan udszozia m ELRTREIS T
v i I v QI ‘3’ ] 4 >
WNeLaney TwuneNyzusia o ﬁg@m@ﬁlm IR bANDYW 2 wintdanauny PLA
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Li 4&2 Shimizu (2009) AnsATIRNANNATREI U89 PLLA dazazaslalu
A A = A 6 v . . kg
lasirazladuslasulanadinas (acrylonitrile-butadiene-styrene, ABS) G118 THNFNWLL
mauium%aawaué’m%'mmuang@; WUITWaRLNBSHANTEZNINY PLLA NU ABS (PLLA/ABS)
L WAITHRNLL UL N b4 Lo FINMNFUFIWINLUFAITWIAVBITYNARANVUIA IR LAz
wsidanierszninedgnianssesiay srozlia o ﬁ;mnmLa:mwéTmmmiaLm
a U tI) $ v QI v = Q/A
NILUNNVAINAALNAINEN PLLA/ABS 935ia16in uazidaldznainaanuidini laagidnla-
a 6 1 A al aa a g .
WoALNDTITNINIR b aza3la llasuas lnaddaiuniasian (styrene/acrylonitrile/glycidyl
methacrylate, ~SAN-GMA)  saunuaatsidjisonafialasifanaslaiioalulad
(ethyltriphenyl phosphonium bromide, ETPB) Wud1 ansadsudssniinszanuaivuas
aUNALNY ABS 16 wszansuAIBonaiauaasnsiiousasen T, 19989 PLLA uaz ABS

%

FILRAIDIANNTINW IFT2AI19 PLLA uae ABS %ananHaINLINNMUAUNIUADLLTS

~ 1 &,
NITUNNVBINERLNEITHEY PLLA/ABS ANl

Oyama (2009) AN®AMTIANAMNLAREIT89 PLA lagmsnauuuuns
e fA3eNeninemIngy (reactive blending) @38y PLA Waunulafiawlnadaaiuni-

ALAN (ethylene-glycidyl methacrylate, EGMA) YNN1INaNeIulAT0I8@IALULANSE 7

gaunnd 210 C anuiangviiny 30 uaz 200 rpm lag PLA filglunsiaioanadiued

9 U

] v
a A aa

waudl 2 Thafa PLA ﬁﬁﬁmﬁfﬂimaqa@‘h (PLA-L) w8z PLA wwﬁmﬁfﬂimaqaqa (PLA-

1
[ '

H) 8@ &IwnIInNgs PLAEGMA Winnu 95/5 waz 80/20 laathnin angmgiuing,
wud1 EGMA aziduipmansznsluiwananves PLA uananiwuitanuiivesangd

NafaTWIATad EGMA 8naag Imﬁ'ﬂfamﬁfmﬂglﬁiwﬁ'u 200 rpm W19V EGMA aaRY

' ,

LLa:ﬁ’mﬁfﬂImaqamao PLA NiNaGaguuaLTIng Wuinwasiuasuay PLA-L/EGMA

A J

1 1 & =)
(80/20) szozila mh 3avadagandt 200% Federganiwadiuaiuay PLA-H/EGMA
(80/20) Nilsznzia b 90v1aLHEY 5-10%  AMUFIUNUGBUTINTEUNNYINDRLNET
g AI &/ v 1 1 =1 L 1 1
W& PLA/EGMA fiaimuduiisdidnsios waatdlsAaunasannmiiunmsay wuin any
U 1 AI &/ [l n' J = 2
dunudausInszunniudua NN lastARIugIie 72 ki/m
Somdee (2009) ANHINITLANAINAIUNIBADUITINTZUNNVES PLA @28
NR aagiaIasnauuuude lasudsuSano NR @9ud 0-20 wt% WU ANeIunuea
A ~ A X A a A9 o 4 @
waInszunn szozia w 99110 wazenuwilpdnduiiiaUIinm NR AlEAD 10 wik%

%

, ' 2 A @ 2| a A X a VA
LL@]@’J’]N‘”%@QLLS\‘]@]\‘]NLL%?I%NQ@NGLNQU?N’]‘W) NR LNV mm:“rlﬂ’ma@]'aavl,uwﬂ’li
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o o o, a (% '

wWasuwlategddoddny naud@iBanaia wudidwagasazauazd T,
i 4 =) QI J ~a 1 a H
wWasuudaalatsunm NR  LANTY 3 nnsAnsnaiavas PLA wuin PLA  wdiaiin
(4042D) ﬁ@hmmﬁmmmiaLLiomszngaﬂdwﬁ@ﬁ@ (3051D)
Afrifah W&z Matuana (2010) @nmIATigiafianazaSianlanadines
A A a Af o P
(ethylene acrylate copolymer, EAC) tWaLNUAIMVLABLIVDY PLA lag PLA 7154 2 wfia
=) é Qo a Q
fio wliaNsagmyIn (PLA2002D uas 3001D) uszziaadmgiu (PLA8302D) lasia3pa
WJunafinasnausenineg PLA nu EAC (PLA/EAC) sl,um%awaué'ﬂ%'mwuaﬂg@; lag
8ATEIRLUNINEN PLA/EAC @d 95/5, 85/15 Waz 80/20 lasiwiin annant@aniining
FauNUIIWRWBTNENUING T, LRBIAADY WazaInFmMIWINEIWLIINIHENL T wLUY
v Qs 1 Y o s U 1 1 1 AI A/ 4 a
wnwld 1 snsuanudumudausinszunnwuindanmnunduid adSunmues EAC
a X A a a A Al A Aa & | a &
W wazilaSouifsusiiavas PLA AltlumsiaSounafiuasnan wuin nadwes

rhansadunlidanudunudausInszunngeniwefinaisliaadmugiu anunude

-5 [ 4 = QI &/ § 4 a
LLiaﬁaLLazua@aaﬁma@mLﬁaﬂ‘smmmaq EAC tANTW thasanlalSuiavas EAC

1
a

& o v o a . a &
qumuﬂz‘ﬂqlﬂaquﬂizﬂaU'ﬁaﬂmaﬂﬂ’]iNaN LLazaﬁiﬂizﬂaUﬁﬂ’N&JuN LLG:ﬁ@Vi ﬂqu LNV

4 Aa a v & a @ g 4 Aa 4 ¥ Rt
Lﬁaﬁﬂmmnmmv\mmm@mmmnv\ﬂ wuinllad3unm EAC ﬁl“ﬁL"ﬂ’]ﬂU 5 wt% 3z

LRAINITLANRNLUULLTE Ye NS EAC A1F 210 wt% QAzUAINISUANANLUL
=\
WAThED
Feng Waz Ye (2010) @nmnsiiuanuinitaizad PLA ¢ae TPU lasnns
A a 6 1 o %3 1 nll A
wWwipuduwaimasHaNIzning PLA AU TPU (PLA/TPU) lagaasnaiwdlrlunsnaufa
95/5, 90/10, 85/15, 80/20, 75/25 uas 70/30 I@Uﬁﬂ%ﬁﬂ LANARIUAMNNWABLIIAIDE
=) 4 a QI J
Usingmaifeglvaswedineinay PLATPU wuuwiten WadTunmues TPU  1ANDY
' = ' o ' a & ' = g
AMUNUABULITIAINAZAARIBLNTT 9 uaszezia o 10 RNTUBLE9TIALT %aNANN
o ' A & A a A X L A A
AUAIWNIUGADLIINTEUNNALNND WL a LT WVa TPU LAY laawuinnuSunos
1 = v 1 QI &, 2 a
TPU 1Ny 30 wt% mmmumu@ausamummwwugaﬁa 58 kJ/m  INNIFNUGLTI
WRTALRAINIINRULUUN N LA LI G?jaLﬁmnﬂﬂ'mﬁ@w”um"LaImmm:MwINLaqa
289 PLA nu TPU LLa:f,%'mgm’mmu,ammsﬂs:mwaaagmﬂmaa TPU lwignmensn
4 a QI &/ a >
PLA LiadSunmaad TPU LANUBNaRINAIHEYN PLA/TPU 22u8AINIILANANLUULATE

X o a = ! = = a @ o ! ]
HhaNIMNBYINNITAN®IAT J Gﬁ\'iLLﬁ@\‘]ﬂ\‘]ﬂqiﬂ?qNL%%ﬂ'ﬂluﬂ'\iu@ﬂﬁﬂmaﬂjE‘WJ' WU a1 J

a 1 1 A v & ' a
maawamuafuau PLA/TPU ﬁﬂ?iﬂx‘]ﬂ")'] PLA ‘D’GLL@@NI%LV\%’J’]W@GLN@%@J@&J
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Hong uazAmie (2010) AnwnmsiAuanunitedues PLA lasiasauidu
WOR-LWBSHANITZRING PLA AU TPU (PLA/TPU) laegmINguLUuRaaNeaaiaIaIngal

Torque Rheometer ﬁﬁ@li’m’ﬁwawizﬁi’m PLA/TPU @3% 100/0, 90/10, 80/20, 70/30,

60/40 WAz 50/50 lautinniin ﬁqm%qﬁ 170 C %281 10 min NAFNUALTINAWUIN
TPU m1aNIntANaunie1as PLA 16 laglawizwadinasnaunidSunom PLA/TPU
1 % Z’ % 2 1 n' &/ =1 ] di a a
WiNnU 90/10 lawsinwiin ANUIUMUABUIINTTUNNLRNEIIRDS 3 v WlauFuufisy
AU PLA 2N8NUALEINRIANLIINa LN TNRNNLO S LTI WA TNRNLUUA A AU I8
lagun9duvad PLA anansatnnulanuaiwnineed TPU NTeuaInguaadnganssa

A s a 1 d'l a a 6 ] [
WUUUIIEIURAAILAZNF g IWINEIWLIIRaU30 ] PLA Tuwafiuasuauvinnu 9o,

80, 70 WAz 60 Wt% ITUFAINITUNVBIIY-N1aN3 2 lay PLA aziduignianansiw TPU

sziuigmanszany s’i?wm@agl,mﬂmaa TPU 1523 1-2 Mm uazndSunos PLA Tuwa-
SLuasNENYIN 50 wt% FTUEAIINNIATINITAING PLA uaz TPU
= % a 6 1 R
Juntuek WazAmAE (2010) AnmNSIENITINGlANeALNEsIZRINg NR N
Tnag@aiunia3ian (glycidyl methacrylate, GMA) (NR-g-GMA) lasnmsHauuuvraanl
WwIaINFNLULUTe eounadinasHaNluaaTaIuIEnI1g PLA AU NR (PLA/NR) wWinAu
95/5, 90/10, 85/15 way 80/20 lastinniin uaz PLA Ny NR-g-GMA (PLA/ NR-g-GMA)
laswdsUSunnavad NR-g-GMA 0-5  wt% N&NUALTINANLIINNNFIUNIUALT
a QI &/ § a
NILUNALASIZLZHA T q@mmaowaamﬁmu PLA/NR tW39% tUaUSunawuad NR
1 a 4 =) Ql J 1 =1 4
WAL 10 W% LaztlayUSunowad NR WNINNYRAINIZAART LibaINNNIINENLDWANT
meLLUULﬂTﬁﬁ’uvL&ivl@TLLa:Lﬁ@miiau@]”aﬁ'umadakbmﬂ NR ustialinsiwdlanadiuas NR-
g-GMA (1UastFudnIInINGLNAL 4.35) Lﬁ'ﬂﬂ%’ﬂﬂgammLﬂTﬂﬂVuvl@Tmaawaﬁmafwaw
PLA/NR wmf’]mmmﬂ%’uﬂgommﬁmmu@iaLLiaﬂs:meLa:sw:ﬁ@ w Q@mmaowaﬁ-
& @ , \ = & , o '
LUAIHAN PLA/NR 16 6@anuealnIifianad »anainisnwui1auaiuniIne s
= a 6 n' J d'l £ a
nuNNLALIzozlia ah 99UNATBINBAINaTHEY PLANR meugaq@malmnﬁwaﬂwaa-
a3 NR-g-GMA LiRed 1 wi%
egr s =3 [ wa a 6 '
Bitinis WazAAe (2011) ANBNIATIRIIILAZANUAVDINDALNDTHANTZNING
PLA AU NR (PLANR) lasnsuanuuunaasluiasasngunuude aasnaiuvad NR i
NILaSuNNaALNaSNEY PLANR @8 5, 10 waz 20 wt% MNEMgIRINeIwLiwadiues

nauidunansuuuudiauldld itasannusidsgazniteipaiadi wodn WedSum
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NR>10 wt% ﬁ]zLﬁ@ﬂ’]ﬁ’J&lﬁ”J‘lla\‘]a‘quﬂ’lﬂ NR 71158704 NR 1¥1AU 10 wt% WU31 813150
= v 1 QI &J 1
Usudsanudwmudansinazunn WRZI LA 0VAANTRIN 5% 1113 200% w6l
. o . P a 2 X - v
mua@gaauazmmwummmﬁoa@auﬁaﬂimm NR LAN4% 91nnaka DSC wuin 1ud
A ' & o ' o A a =2 x>
matasuulaspasdl T, onanBgInudn NR gitiuanusiwnsnlunistiendnldny
d'l a nl J a =3 =3 AI &/ 1 Lt
PLA bLazblatSu10409 NR bANYWUTUN bR ANNLAND WLTUNY
Han W&z Huang (2011) @N®NANSLATUNNORNETHNENTZAING PLA LAz
TPU (PLA/TPU) WazMIAWNANNLAREITEd PLA GRamINaNLULRaasltia3adnaaan
’%'@Lmuaﬂg@lﬁé’mﬁmuwaﬁmas’wau PLA/TPU @8 90/10, 80/20, 75/25 uaz 70/30 lag
wnn namgIwIngwudiwefiweinay PLATPU Wuwafiwasuauwuudnnille

%

lag PLA wigniananuas TPU wignianszany wananit ST R IR T LI REE LR
TPU azifndwiioUsunnmwes TPU indn annantidifsnavesnadiwosnay PLATPU
WUARsaEIwMINGY PLATPU 70/30 laasinwin sannUiudysenumniiedves
PLA "L@ﬂ(ﬂUéuéffsaﬂ"mﬁ'ﬂ@1aau"l,aiLﬁ@ﬂﬁﬁ'ﬂ%é’dﬁ]’mmaauﬁqm%gﬁﬁamanmnﬁ°'<1
wudidszeziia m 9amavaswediwaiuay PLAITPU ﬁ@i'}LﬁugaﬂfuLf}aLﬂ%ﬂmﬁﬂuﬁu
PLA u@anunuaoussfisanadiiolsumues TPU Lﬁ'wgaﬁu

Kim uazame (2011) ANBIMIIANAMNGIUNIRABUIINIZUNNTS PLA
delasufenlawadiwaisznine PLA  nu wadinazladu (polybutadiene, PBD)
(poly(lactide-b-butadiene-b-lactide), PLBDL) La3saiduwadivasuauscnine PLA AU
PLBDL (PLA/PLBDL) 417 PLBDL lusasnsin 5, 10 uaz 15 wi% @28 sHENLUL
fIazaty nautinnamaaiguwanamaas wudiidunsnsuwuudnuuEIw
mﬂawﬁ'@L%aﬂawuhmmﬂmiaLLsoﬁaLLa:wa@;a‘”aa@mLﬁaﬂ%mmmaa PLBDL 1%
ANUT UM HABUIINTEUN AN 0USumas PLBDL 1indn Tasiawizaenedan
USutw PLBDL 10 wt% WU mméf’mmu@iaLLsaﬂiszm‘ﬁugaﬁa 4 wh Wafisuny
PLA Gougasltifiuin PLBDL tdusnItmuanudwnmuaanssnszunnlwiy PLA

Sun UAZATAE (2011) ANBHINTRNAMNAIWNIBADUIINTZUNNTES PLA
%18 ABS uaznmwdlanafiuad ABS-g-GMA 15U53100 GMA énarinéia 1, 3, 5, uaz 7
wt% lagld ABS uaz ABS-g-GMA luwafinasuan 30 wt% 3NamgIuing) wuin tie
mMInuanusadayn1a ABS luwefinainan PLA/ABS uazluwafinaiuay PLA/ABS-

Aa 1a ' o ad
g-GMA NUUINIWVDI GMA 1 wt% WU ﬂ’]iﬂ‘i:ﬁ]’m@n“lla\‘iakm’m ABS-g-GMA a1
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o o '

La9NUIIAINEIRUNEIENINIPNIAAARY uatialSumuas GMA 1WNAIUAzLAaNS

o o =1 6 6 1 a
TINAINUVDIBRANA ABS-g-GMA 1INMIANHNINAMEATAUANAMEAT WU Wad-
WasHan PLA/ABS tdunsnasuuuttiinulale wdlunwadinasnan PLA/ABS-g-GMA
Unngmaiansasdn T, ldnsganadindind Geusasliiiui GMA aunIadiuyys
ANuTnwlaszning PLA nu ABS uanniisuegasszauanadiiiadinnauas GMA

QI J 4 = v 1
LNHNU Lﬁaamnmmmmmlumim@wﬁﬂﬂnao PLA 8@83 AU UNIUABDLLIINITLUNN

' '
a A a

YpINaRNBINEN PLA/ ABS-g-GMA Rndn Tasanizegnefenusunmues GMA 1 wi%
WU’)"]ﬂ’J’]&I(;ﬁuY]’]u@iaLLix‘]ﬂiszﬂLL‘LI‘LI‘LI’]ﬂLﬁN;EGﬁG 27 winlaifisuniy PLA

Taib  uszAMT (2011) ANBIWORLNOSWAENTZNINS PLA NU Biomax®
(ethylene acrylate copolymer) (PLA/ Biomax®) I@UmwawLLUU%&GNI%L@%‘E}GN&NLLUUTJ@]
‘ﬁ'qmvx{]ﬁ 190 C 1waan 5 wifi lawsassinuas Biomax: 71T fa 1, 3, 5, 10, 20, 30,
40 uaz 50 wi% ninadia DSC wuinlidnaAsuwuasd T, uazUSumHEnazanay

4 a . ® a X ' Aa
Lﬁaﬂslﬂm Biomax LtWNUUW ﬁ]’]ﬂﬂ’]‘iﬁﬂﬁ’m’mﬂaﬁ’m@l‘gqm%waﬂ’la@l‘gwumﬂﬁ‘imu

. ® o oy o A A & AA a . ®
Biomax ﬂﬁlﬂﬂﬂuaqaaazaua@ad Ve tan d PYDINDALNDINFUNNUIU1TU Biomax
a & oA ! a oA A v @ . &
LNRIS 1 wt% Lﬂquuﬂﬂiqﬂﬂﬂﬁl tan d LNENANLQIIDIITNITHNRULTDINUUINRIW LLRSLUD

a . ® v o iV v A A 1
USu1mh Biomax >1 wit% NIIN&NLTWULUULTINNG I b 91NN IagausNlaLEInanyin
A a . ® a & o a 1a X ®
\WaL/Sunmk Biomax LANINNTL NBAFUAZIAATINAAAILATNUTUNI Biomax 30 wt%
lﬁdﬁmmﬁmmu@immmumngaq@

Zhang WazA™E (2011) AnsIMTtRNANNWATEI289 PLA da8n3ndla-
WaALNa3IznINg NR nuiiifinezasian (butyl acrylate) (NR-g-PBA) lasnsiasaaiduna-
swasnanlunIasnannuudalasulsuSunared NR uaz NR-g-PBA Aldvinnu 1, 3, 5
WAz 20 Wt% INFMPIWINGIVBINDRLNBTHENTTNIN PLA il NR (PLA/NR) 1dunns

L% a 1 (% d 3 £ 1 £ 1 v =S
NRNLUULT N 130 1o TIgNITDLAUABNATEY NR laat1etaian aawalmmmgﬂ
TenIINBAIELR93 N NR laid12871 PLA  §97 wananniwuindalSuimuad NR

a £ & a & . @ ' a ' v
WANTRIUIABBAIATE NR ALANDUITWAY waluwadluasNaNsening PLA AU NR-g-
1 L= =) ‘&‘ $ v ]
PBA (PLA/ NR-g-PBA) liJmngmausnigmeiiiadu Liasan PBA Usznaudionyiea-
INAITIRINITOINWLANY PLA INFUUALBINANUIINNN AT UNIBADLIINTZUNALAY

szozfa th 9921A289 PLA/ NR-g-PBA dldngenitwaf-tuasuan PLANR finnaanadiu

MINFY LL@i@ima@;ﬁaLLazmwwudausﬁaﬁ@ha@m
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Ao A A Y o a a I3
2.9.2 G'IH'JQEI‘YILﬂEl'J‘].lEl\‘lﬂﬂﬂWiL@liﬂNﬂsﬂﬂﬁTﬂwaaL&lai NR-g-PMMA

Oommen LazAtue (1996) L@SHNNTING laNaRLua3Iz7319 NR AU PMMA

(NR-g-PMMA) lagldaqsisuuuuIaandaa CHP uaz TEPA Usz@nTamwmisnmnuduas
USusuad PMMA  ALAGNITNIIWAAD 60% WAZ 25% GNNAIAU HtulaTIgsIeae

a a A dl - &
Iaua IR wae 1H—Nl\/|R NNNaua IR ﬂi?ﬂgLLﬂ‘U(ﬂ@ﬂaWﬂ 1730 waz 1140 Cm1 i

'
v A A

o e = 1 Qs ~a
289 C=0 WAz C-O 289 PMMA @u&16U 9nninadfia H-NMR Wuswaldaatwi
o 1 é L= 5 =Y =\ =3
FWAUY 1-2, 3-4 Uaz 4.6-4.8 ppm TIATINUBaAALNNENTlUTAew wazfialdsaau

o @ a & & & ' A A
AU AU %Wﬂﬂ’]i’lLﬂi’]z%“fﬁx‘]ﬂﬂ?ﬂﬁ(ﬂiqm‘ﬂWﬂﬂ’]ﬁ@]iWﬂJﬂ’] Tg 2 "ﬁdLﬂ%"llﬂd NR n

qmﬁgﬁ 50 C uaz PMMA ﬁqmwnﬁ 135 C

U

Nakason Wazame (2000) ANEIATLATENNTING lanaRiuasszninensla

2

WENTIINTANENAlUIGwaan LLazﬁwmwﬁ@LLauImﬁmgaﬁ'ﬁJ MMA lBinafianisiesSuw

aaa

Ao o £ . . . . i v A a
DURTULUUNILUN (Semi-batch emulsion polymerization technique) ‘l"ljm‘slﬁuﬂgmm

6 a

wuUSaandaa TEPA way TBHPO wuitlasisuanisilasuainuanatuasidunafinas

o,

1
a [

A9 o & a A o A . ' Rt o PN a '
nldipriallsdudildrgindimisldissdurfauanlufogeinndanaiu
AAIEINVDILINY MMA NlFaSuy fa 95/5, 90/10, 80/20, 70/30 was 60/40 laslua
o o a a 6 dll a Q' J ] a a
ANNE19U USTRNTAINANINIINARARIL T USNI MWD MMA  LNYW LAl ANTAIWNNT
memaamﬂﬂjmmaﬁiiwmmiﬂmuma:gamﬁzuuwi"ﬁmmdmumu(ﬂLLaquLuﬂga
wiH s lumsidfisenaess imsbugulassasrsdismaiia FTIR wulauaiuwes
o, , -1 -1 o o ¥ o :
C=0 Way C-H NFIWnII 1732 cm WAz 835 cm @NEIAU HaNIARIINUINUUWIA
agmmaﬁwaaﬁwm\ﬁ'ﬁsmmmﬂiﬁu@hﬁmm@lmgﬂdwm@akl,mﬂmaaﬁnmﬁwﬁﬁm
P a & A X a A A &
wanluflogs uazrwinaynalafnyeInIzedszuUIziRa UM NI M MMA Liadu
A o ¥ a P @ ¢ = & A & a &
TeUUN 819536 LU sAwdN Il asiduanisidaswannuanatuasidunafiuas
U3 ANTAINNNIINIING wazdSusras PMMA quuLaqaﬂnaamaﬁﬁuﬂmﬁfﬁand'ﬁzuuﬁ
‘lfﬁwmaiwﬁmauimﬁyga Lﬁaaﬁ]’mmiﬁaLaﬂﬂiﬁuaaﬂmﬂaumﬂmad NR ﬁ’ﬂﬁa%a
a dl a J =} U o Aaaa s > 1 g
aaizmﬂmuuiamEﬂ,umﬂmmﬂQﬂimﬂuwuﬁzglﬂmLaqamao NR 4n3%
. = a a 6
Thiraphattaraphun  LazaA™e (2001) ANBINNTLASENNIINGLANBALNDS

o o a

32%319 NR NU MMA laawmnaiindiatunadiva laiatudiaidisul jisonldfe K,S,0q
¥

'
¥ A

1 v a { { v v AI &, U
WU saﬂaz*‘uaawawamﬁ"l,mwmmﬁammmemumaa MMA uauamaﬁwmu qI%

a A 6 A X A 7R 7 v aa aaa A &
ﬂi&ﬁﬂ'ﬁﬂ?‘v\lﬂﬁ‘iﬂiﬁw@]%$LWN°IJ%LN@@'J']NL°IJZJ°IJ‘WIJa\‘i@l'JiLillﬂi]ﬂiﬂWLWNﬂ\‘] 0.75 phr Lz
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oAU NTRYBIA2SISNNINNGN 0.75  phr 3TAIHAlAUT=ANTAWNINIINAana

LﬁaaﬁnﬂmwLﬁuﬁumaw‘i’ﬁﬁuﬁﬁugaa:ﬁﬂlﬁLﬁ@IaIuwaﬁma{mnﬂd%ﬁmmsmwﬁ

uaﬂﬁnﬂﬁwU’hﬂs:ﬁﬂﬁmwmimww@TaﬂaaL:f‘iaqmﬁgﬁﬁlﬂumsﬁmﬁﬁ%mgmdﬂ 55 C
funalumidfis;m 8 h alddriesazsasnandailduazlsz@niawnsnnng
mmﬁq@ nnauwInswuansaziduuuy core-shell lasauniazas NR idugiuzas
core WazildIuves PMMA 1w shell :InmsTianzinanamaaigmunnamaas wuii
waqé’aazam:amaufiamwmﬁm“fmad MMA uauaiuasiindn issananududues
MMA uanaiaiiudwdnnalimeltamdudaesnamdlanadiwesiAniu

Oliveira WazAtUE (2005) ANMINILASHNNTING lANaRLNETIZHINg NR A
MMA uazlaiufiaazlluafiaiumasian (dimethylaminoethylmethacrylate, DMAEMA)
wazdnedszaninwmanmndlagldinadia 'H-NMR & msunisieSounindlanad-
waslfinafia seeded emulsion polymerization uazda3i3ulfATuuLLIAnGAD TEPA
w8z CHP ¥nmsiiudulassaromumadia H-NMR wmﬂmaqamaa NR fieaudsaagy
DMAEMA 13N 8 ullsnanasddiunid 512 sz 4.06 ppm Saduvoauiiadu-
lUsnauaad NR uaziufinduaanduad DMAEMA au&ay LLa:Imaqa*’uaa NR faauys
Mgy MMA Usngauauwliliaauassdiuniy 513 waz 3.61 ppm daduvaaiufiadu
Tdsmauaas NR waztanandlsaauuas MMA  uanainiiarnnadia 'H-NMR wuin
ﬂs:ﬁw%mwmmmﬂﬁifuaQﬁ'uﬂ?mmmawauaLmaﬂuﬂﬁﬁ?m IINFUIIUINY LR
1A3989UUY hairy-layer core-shell lunsnWdlawadines NR-g-PDMAEMA wazlasiasns
WU fruit-cake core-shell 114 NR-g-PMMA

Kochthongrasamee lLazA e (2006) ﬁﬂmwa*’nam”ﬁl,%'uﬂﬁﬁ%m’lu;uu’%'-
aanddanisiianandlanafinaives MMA uuluanazad NR (NR-g-PMMA) laslfen
5150 3 7finfia CHPO fiu TEPA (CHPO/TEPA) TBHPO i TEPA (TBHPO/TEPA) W@z
luasdouitasaaina (potassium persulfate, K,S,05) nulmidonlslesaine (sodium
thiosulfate, Na,S,053) (K,S,04/Na,S,05) lasinafiaduatunafiae lsiadi nuIndunik
ﬁtﬁmmsnﬁWﬁazagju%nm*ﬁuﬁmaaagmwaama nsiugslasigsealoinaiia
FTIR dnnjunuganauzed C=0 uaz C=C fauadan 1736 uaz 1153 cm’ @1N&1eL
nnnafia H-NMR Us1ngdwanu H 284 OCH,, C=CH, uazadrh@nldsnau AdunI

o o o ot a 13 s
3.58, 5.1 uaz 1-2 ppm @UAAU R1AIULINAUA  C-NMR LIAIRYU1w1ad C=0 a3
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MMA fignuntis 178 ppm OCH, 183 MMA Adunis 57 ppm Laz C=C Uszuh 126 LAy
136 ppm WUINGA5150 CHPO/TEPA lszansnmwnsnTand nistianmsnaduassas
azmaawawﬁmmﬂﬁq@ CHPO fUszBnSnmannnin TBHPO uaz K,S,04 1189310 CHPO
azanglddluigniasiidu g TBHPO azanslddrunanaludip-niainaiu uas
K,S,04/Na,S,0; azanslddluwin ihefasifintsz@nsnmwmsnswduazantsunalaly-
wadluesuad PMMA 3sfinsidulfiaitlaaazluiean (vinyl neo-decanoate, VneoD)
wuindszEnimwmInTw@es CHPO/TEPA, TBHPO/TEPA ua K,S,04/Na,S,0; fia
84.4, 745 uaz 61.1 auaaL uazdsunmlalunadinasaas PMMA 2as CHPO/TEPA,

TBHPO/TEPA uaz K,;S,04/Na,S,05 fia 7.2, 12 Uaz 17.9 a1us1au 1899711 VneoD ¥

a

v a aAa 1 A o ] { a aaAa
Iifneyysdarzvesezainuuaoldvasielaniudaududunisiifad jiseans

[
v o @

NN AI%uAI31SN  CHPO/TEPA 5\1Lﬁm:uuﬁﬁﬁqﬂlumsm%ﬂunstm‘Iﬂwaﬁma%
NR-g-PMMA

Anancharungsuk LLasatuwe (2007) AnsmsaaulsAausnseiy MMA lag

=}

a ¥ o v Aa aana a S ¥
inadiamilifadgimtenihldifad jisannvdlanafiwalst $3 NR gnldwaauives

u

a1inawnan Lﬁ'aﬁﬂﬁl,ﬁ@a%aSai:maams’uauuuﬁuﬁwaaa%mﬂ NR MaIINHUA

'
% @ A a

@ A a A . & & . A Aa

dunapiifiyiieaanngilesean’ad (peroxide) Tnnnnadnaiiiulalasiau
\as-aanlad (hydrogen peroxide) linanaiiluanuyadaszlaasand (hydroxy) Taiadnee
duasisudjisenyvdlanefima lsfuniuiivesounia NR wuhanududuves

MMA Uaatias 13 wt% WazIzszlia i miwn1sangsid 60 min vinlwtAanisnnduad

MMA ‘LI%I&ILNQ@“II?N NR 11nfige vinnsdudulassasnealsinaiin ATR-FTIR wWuLau

9

A A 1A A o A v &
%@ﬂa%“ﬂ 1730 cm GﬁﬂLﬂuTaﬁﬂqiﬂ@]Taﬂwuﬁz C=0 183 PMMA TGLL@@GI%LV\%Q’] PMMA

[
a

a e A a v a A a A A A a &
LNAMINTIINANAUEIVEI NR ﬂ’]ill(ﬂﬂ']i@ﬂil Gﬁ%'ﬁﬂkb NORITUBNUNIVEI NR NiNaUh

y
U
219finanny peroxide lasmsliwanaananinauniaiinanniadudiiiud fAsen
hydrogen peroxide NLA3a4 b

Kongparakul Uazame (2007) La3paninalanafiuwasszndns NR U

MMA (NR-g-PMMA) laglddiislfAsouuniaandilsznaudas TEPA uaz CHP 1

annd 50 "¢ uilwam 8 h dudulasiaiadieimadia H-NMR wusygimllinauass
o [ P2 o %
@AY 1.64, 2.01, 3.57 uaz 5.15 @3uva9 CH;, CH,, OCH; Waz C=CH, aus1ayu

NNAKA Soxhlet extraction WUINUSHIMUEI NR N baitAan13nsne Usunmwvaslalu-
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a a { =) { =) g v

WaRas PMMA uazdSunmastad NR fAtiamInwaniiatuwfasauas 24.8, 22.7 LA

52.5 ANUAIAL TOURZVDINANRAN LaUad MMA LazlszanTaiwmInndLinnusasas
83.2 LAz 51.6 ANNAIAL

=1 = Aa 6

Arayapranee L8 Rempel (2008) ANEINTLASHNNTING Lawadiues

321319 NR AU MMA (NR-g-PMMA) @asinaiiadiatunadime laiosulaslsaisisy

Ufsonuuinandilsznausis TEPA waz CHO Sudnlassaiisdramaiia FTIR W

A A A -1 A o 4 A &
LaUQANAUBDY C=0 iLauAdn 1732 cm ywnsiuauInnan1snIINGuad MMA L%

é aaa = a &/ 0’ +~ o L= ¥
luianazas NR Ssujisenmaifanndlanafine lidiurvladinandtt Aaaalunis

HUfATeN USunmwesssasan uazUSunmuasvauaiues wuiidssEniaiwninnnea

1 ' 1
a e A a =

g 4 o aaAaa 1 =) v 1 ‘2
szRndwiaa el fisewinndn 5 h ussdSuswasadsisunlduinndt 5 x10
Qs g 4 =Y 4 =) &‘ { =Y Qs >
mmol/g WAZMAINNUUILAARY LHBINaUYATRTENLAAYUNINLAUNEILTINAINHLE
LRZAMNLNNVAIRE tFUaINTING laNaRLNATNAARI HaNIINHEINLINUTZANTAIWAIT
6 d‘ a 6 nl &/ dl 6 a a ,3‘ a
NINGANRILNDUSVI VIV AWALNDTEAND W L148INNNITNIINAILAAUSII W WEIV DS
Q qul ¥ a Q a 1 Q & 1 v
aunA NR muuﬁ'umawaizmwagmﬂ NR NU MMA 398089 T8I0 MMA Na-
& L o X &
uama‘summﬂﬂmagmﬂ NR £1n9% N15NINGav8d MMA uuimaqamao NR &13130
=) v a & 1 =Y 1 Q
SaTERaIamnaia TEM way SEM aanuinfanisnmwaunsialananuas NR laad
13983190 UL core-shell 1ag NR L1ua 1109 core waz PMMA LOwa1a9 shell Lazed
1 a a 6 A 1 & 1 1 o L%
WUAUTZANTNIWNIINTINARNAR AN RWITAS shell TIaInasdaniITin i ldanwuas
Aa { A A A A
mwxlsﬂﬂwamuas‘ﬁaﬁqmaami“n@aaaﬁﬂimﬂﬁmwmsﬂﬂWﬁaQﬁ 71 % TIFIUVDI
24 shell AANURUIUTZNDH 15 nm
= a a 6 1
Budchar WazAmie (2008) ANBINNTLASHNNTING lawaRiNasIzning NR
AU MMA  (NR-g-PMMA)  LazNauadnIIwedlanadines NR-g-PMMA  filidasauay

U ANTN W INTING Sasazmsilasuanuanatlasidunadiuas sia waziSunmaad

' '
@ A A aana @ A A I

A3 ATeN aSI3uN1EE 2 Bile Aa @235l RS uuLSeand CHP/ITEPA uazad
a AI aaa o 9@ % 1 % a a 6

SBNUGATIMDLUANAIGI8ANNTOU K,S,05 WUINTosarlszanTniwnisniindvas
ANWG lawadinas NR-g-PMMA #Ail% CHP/TEPA uaz K,S,0g ¥iNAL 40.86 WAz 97.18
AUEIAU wazTesaznsilasuanuauainesidunafinasvainslaalsisy K,S,0, q9
N1 CHP/TEPA innanutdiutu gnzidzaylunsiasounwdlanafiwas da 19

AMNLTNTUYDIAITIIN K,S,0g LYY 0.5 mol% UIuawsad MMA  LYinnL 20 mol% 7
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annd 70 C fugulassansvainmndlanadines NR-g-PMMA @asinafia FTIR Wy
{ 4 _1 ¢ { =)
ULDUQANAUNLATAAK 1722 cm FIuaaafia PMMA Miiansnavduuluianazas NR
=< a a [ 4
Kalkornsurapranee Lazatwe (2009) Ansimsiassuninedlanafiues
' o P o A & ' o o A
32%319 NR U MMA (NR-g-PMMA) Gataisaluszaunlnaidunitszauluiosd judns

laglranzimunzauiadonludasd judnislunistesounsdlanafiwes lagld

J
o Y A A

wailadatunadine bsiwT (emulsion polymerization) 13@25iSuuuuSaans fa CHP

' o
= a Cr 3

sz TEPA figmannil 50 C 1duiaan 3 h Tas MMA Nl54 2 wuy s wuvuldsnaalgued
28N LATLUURNAALUHIaaN WUT1 MMA N lianaalsutsaan UszansaiwniInawe
(=4 U Qs 3 H 1 > > > QQ// = 4 |A/
AARILNEILANYDE AI% MMA 7 ldanaaisudgsaandsldluninaisyluszaunlnadw
AATEIWITAINI NR/MMA @Aa 50/50, 60/40, 70/30 Waz 85/15 WU LilalSunawuas MMA
QI &/ (=) =) QI &, 1 Qs 1 =) § 1} a
ivuwlSu e laluwaRiuasiN LT Y waUSunmaad NR N kitAan1inTnauas
=) a o L= v v =Y 1

U AnTnIwnIInndanas vinmstingulasiziaumaia FTIR uaz H-NMR 210

o A A o ' 1A A
UNATY FTIR WULRUAAUVEY C=0 NGNS 1732 cm SIduvad PMMA voweh

o 1 % { o '
sunasu H-NMR uaassunoiunandlisaaundiunis 3.5 ppm



3.1 @d1351Ad

1. gn9sTINTGriaaunitandn (natural rubber, STR5LCV6E0) Waalas

v >

131N aaaaqm'mmmﬁwma % 91N

2. PNITITNTIRBWONT LA (epoxidized natural rubber, ENR) THhafif

USunanydnendladivinin 25 mol% Tan14n13dn Epoxyprene25 WialasuIuh

o

waslninans 4ne fvuedataidn ENR25

a

3. gNTIINTIGBNaNT Lo mﬁ@ﬁﬁﬂ?‘mmﬂgSﬁaﬂﬂ@éfwhﬁ'u 50 mol%

Fan19n13en Epoxyprened50 wWaalapuSsn ilaslwiinans s1na  mnuadedeiin
ENR50

4. ﬁ’m’wﬁu“ﬁﬁ@uaulmﬁﬂgd (high ammonia concentrated latex) Uaunms
ilonautslszanm 60% naalasuien aaaaqmmmsmﬁwmﬁu i@

5. WaRLaAAALaTa (polylactic acid, PLA) $on19n3en Nature-Works
PLA® 2002D nialanu5un Nature Works LLC

6.  a13uaufesnduaws (antioxidant)  MIUBS BaN9NITAN
Wingstay@ L $1wiialas dafudau Aalwyadiad $1na

7. LWWNALNNIATIAN L uTWUIzanh 99% (methyl methacrylate, MMA)
NAAlaUSHN Sigma-Aldrich

8. ﬁ’aﬁuvl,aI@iLﬂaigaaﬂvL‘ﬁ@T(cumene hydroperoxide, CHP) SR

'
@ Aaa

Uszanmh 88% vinninfiduea3i3un (initiator) NAAlasLI¥N Sigma-Aldrich
9. LAATLATIAULNLNIN (tetraethylene  pentamine, TEPA) LauTH
Uszanm 85% ninniduaisisn ndalasuSun Fluka
10. IwunaiBonlaasanlod (potassium hydroxyl, KOH) lfiwalaSaudia-
Flniaas (emulsifier) WAALABLUSHN Lab-scan Asia Co., Ltd.
Aa . . o A a A v A & A v
11. n3@a83n (lauric acid) 1fiNala3undiadiniaas Sanensdn

33
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QReCcA Iminolasussn A wdaeas 1na

12. lmaonladasanleos (sodium hydroxide, NaOH) lF&wsuindaaans
fduginafauUfisernes MMA sauaias nialauu3sh Ajax Finechem

13. Tlasifuudines (petroleum ether) lfdmsnanaursnlaitionis
AWG WAalasuSEn Lab-scan Asia Co., Ltd.

14. 8:%law (acetone) lFEwILaNa PMMA ﬁ"inLﬁ@ﬂﬁﬂﬁW@TquuLaqa
819533NNA 33 minelay USHN Zen Point

15. @unaiInianaaslinesy (deuterated chloroform, d-CDCIs) 113U
WlsualatnslumInasaumeamnain NMR NaalasuSEn Sigma-Aldrich

16. taaszlalasWusu (tetrahydofuran, THF) lfiaIzusiadislunis
e "‘ﬁmﬁfﬂimaqa NAAlasu3EN Lab-scan Asia

17. waaldouaaalsa (calcium chloride, CaCly) lFanaznaunWe lanaa-

Wwas NR-g-PMMA waalasu5un Carlo Erba

3.2 ailnsat

3.2.1 mMsdstazvndlanaaiuas (NR-g-PMMA)
1. VIAWNINWNAN 5 A0 VW19 1 ’AT
6
2. gaNBLADINIU
3. luwa
6
4. QaWLAWLTT
5. NTILUREA
6. inasluiiaas
7. TANTDILULAAAAAY
8. TARNAUUUTANWLAR (Soxhlet)
9. NTILLEN
10. fintnas
11. m:mwgﬁna%’aﬁuammai‘

3.2.2 N3OS UNNDALNDINEN

1. Lﬂ%aaé'ﬂ%'mmuaﬂggi (twin-screw extruder) 3% Prism& TSE16TC
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2. Lﬂ%iaaé'@mmé‘u (compression molding) s;u, Kao Tieh& KT7014 WA
lasuSHn Kao Tieh

3. Lﬂéadﬂ@aauﬁuﬁaﬂﬁﬁdﬁ@ (universal testing machine) ?"f‘u, Instron
5569 WAAlABLUSEN LLOYD

4, Lﬂéaaﬂ(ﬂaauﬁwﬂ'ﬁmiﬂuﬁaLLSGﬂSzLL‘YIﬂ (impact testing machine) i;u
ZWICK | Waalasu3un ZWICK

5. L30dlAnsNTaY U CH S16 NAALlABUSHN Chin Chuen Incoporation

6. LASDILNNT UG WAAlALSHY Toyo Seiki

7. ﬂﬁaaﬁg‘aﬂﬁﬂﬁﬁLﬁﬂmamwuﬁadm’m (scanning electron microscope)
% JSM5800LV Wialasyu3sn JEOL uaz 31 Quanta400 WialauuIun FEI

8. Lﬂ%ﬂdﬁﬁﬂ‘fﬂi’maWa‘fﬂJﬁ’JLﬂﬁUﬁL&lﬂLuaﬂmﬂﬂi@liﬁmag (fourier
transform NMR spectrometer 500 MHz) 314 UNITY INOVA NAALABUSHN Varian

10. 1@5093La1 R NIINadIEATAINTauLFInadgas (dynamic
mechanical thermal analyzer, DMTA) i;u Rheometric Scientific® NAA LA UTHN
Rheometric Scientific Co., Ltd.

11. 1a309tn3asaWinesswfoasunuiivaanasined (differential
scanning calorimeter, DSC) 3% DSC7 NAALABUSEN Perkin Elmer

12. Lﬂ%iadLﬁ]ﬂLWﬂﬁLE}‘ﬁ’uIﬂSmIﬂﬂi’]ﬂ (gel permeation chromatography,
GPC) 3% prominence NAAlAIUSHY Shimadzu

13. Lﬂ%ﬂdﬂ@ﬁ@dgﬂﬂé& (two-roll mill) muﬁm&umguﬁﬂma 6 inch W&®
Taals9auwtoLaiy st

14. LﬂéaayuﬁﬁaiﬂﬁLmaif (Mooney viscometer) 3u MV 2000 Wiala
131N Alpha technologies

15. aUFHYYINIA (vacuum oven) KAalan UTEN Precision Co., Ltd.

ﬁ@e

v

16. gau (oven) KAalay UIHN Memmert

17. 1AFDITINZLALA 2 UAT 4 @RI NAG LAl 1SN Mettle Co., Ltd.

3.3 5@ BWBNIINARDYI

3.3.1 N1vdILATIE¥NI N ALlANDALNBS NR-g-PMMA



(i)

a a 6
ﬂ']iL@]if;lﬂJﬂi']W@ﬂ:ﬂWﬂaLﬁJa‘i

Kalkornsurapranee et al., (2009)
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NR-g-PMMA  ¥iI1n13Na8a3Iau

1. ﬁﬂﬁﬂmﬁmﬁmauimﬁag\i TEPA 81382808 lWUNRLBUNRDLINLT Y-

v g‘ ! a s A a 4 v {
1w 37 wit% uazin laludfnsoinan dsdSumassnsednlsuaasluanssi 3.1 nau

\Juadn 30 min d8AW5Y 120 rpm Meldanzlulasau Ngaunnd 50 C

A v a
2. noavasnanlunIIBruadIliznauais MMA uas CHP asludjnynt

Ban USHNapa9gI e in s waadluna11en 3.2 st lumsveadszanns 60 min Uaay

IWifiaUff5mndadn 2 h udngaljisennamngiives asgl 3.1

3. ANAZNAUVAINFNN LAEILRITAZAELLARLTNAR LIALTUTW 10 %w/v

N309AZNAUN 16 FIBNINTBILDLAAANNAK A HAZNOUAILTIRZOIANAIY G ATI DURT

nldludavgmanmeangunnd 40 C iuiia 48 h

a137197 3.1 Ysunmvassanadnliludjnsoinan

NR/MMA (wt%) | Natural rubber latex (g) | TEPA (g) | Potassium laurate (g) | H,O (9)
60/40 204.00 212 15.00 207.00
95/5 323.00 212 15.00 207.00

AN 19N 3.2 USumadrILadnlTlunInenaa

NR/MMA (wt%) MMA (g) CHP (9)
60/40 120.00 2.00
95/5 15.00 2.00

U7 3.1 gunsallumaieSoanawdlanadinas NR-g-PMMA
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(i) nsdwimdeasiduanisidfswannueanewasidunadiuas (%
. a ad 1 a 6 a Al a
conversion) USNNeNI5IINTAN LLAANIITATING (free NR) U3u1as PMMA 71 ldiians
& @ a a A a a
ﬂﬁW@muTmaqamaﬁssmm (free PMMA) Lazdszniamwmsiiannndlanafiuels-

LT (grafting efficiency)

(2
a

899N ATENEREN anaznanToINgNlANIITVAIAILRIIATAY

q

uwaalBouaaa lsdidudu 10 %wi d9disinaunais g a33 aufigunnd 40 C iiuam
24 h TIRENVAILTIN b a9 ll et aSifud nisid fuuannuanatuasiduna-

a 6
ALUAINVRNUNIT 3.1

% conversion = ﬁ 3100 (3.1)

A
lawil
M, 8 $rbnisuauaas MMA (g)
M, fa dnnnuadkesduAsuazasadane aniin MMA (g)

M, Aa IRHNV8IAI8E19RaI8Y (g)

o a & v v [ = (<3 L2
%’lﬂi’]W@ﬂﬂWaaL&IainaﬁJLL%OLLﬂ’)ﬂizw’lm 249 aatduTulan 9 ﬂﬂ@]@]’)ﬂ"]ﬁj(ﬂ

NALUL Soxhlet LNaRNALNITITNTIAN LatAan1InTIWdaan laultdlasiduudinasn

gmannd 40 C vl 24 h amﬁamaﬁmﬁaluﬁauﬁqnmgﬁ 40 C 1JwIan 24 h 19

WD Laz’Ne PMMA ﬁ"lmﬁﬂmsmm@fﬁ'ﬂmLaqamdﬁmm@aaﬂ Tagltazdlan N

a

amwnnd 60 C vl 24 h amﬁasmﬁmﬁaluﬁauﬁqmﬁgu 40 C 1JwIan 24 h 79
TRINLATN M AW AN UT U b9 TITNT AN L AAN1INTING PMMA - 7 laitAanns

6 o a a a a a 6 ci
ﬂi’]W@ﬂuImaqamwﬁmm waziszAnSaIwnistianIwdlanafiuas augun1In

3.2, 3.3 uaz 3.4 ANEAU
free NR (%) = 1\41\de 100 (3.2)
free PMMA (%) = MMJ 100 (3.3)

% grafting efficiency (GE) = Ms, 100 (3.4)
3
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P

lasl

M, fa dntnalag1anawana (g)
a ¥ o o, o o o A a &
M, fia ihninalatrsnasanasedlasidondines (g)
M; fia Tninalaganasanameazglan (g)
= a 6

3.3.2 NMILOIYNNDALNDINEN

Fnwafiavassnilassneflilnnniss da NR, ENR25, ENR50 Laz NR-

'
=)

g-PMMA utistszianwasmaasoneanids 3 Uszian fie 8197 RN 8n9H%
- v o o o AV 4 A oA

NTUA LAZAIIANNANTINW LG FIRTUL NN LHIwWANTUAN I TAa NR, ENR25 WA

ENR50 laguisUSunmend b snguyinny 10 wit% saug{nnIwnIsuants da NR lag

a | @ 2 & X
LLﬂiﬂiﬂJ’]mg'—]\‘]luﬂqiwaﬂJL“ﬂ’]ﬂ‘U 10 wt%, 15 wt% ez 20 wt% sﬁﬂﬁmu@]auﬂ’]ﬁL@%ﬂﬂJ \Tﬁ

3.3.2.1 NMIHANA LN L HIRNITUA

1 PLA auﬁqmugﬁ 105 C duiaan 24 h reunsdn iUl éa NR,
ENR25 uaz ENR50 tIuGuLEN 9 uwazauny Wingstay L Uszanms 1 phr waaiinlumas

%

AU PLA L@%‘ymﬂuwaﬁmaﬁmmﬁmﬂ?awaué'@%'ml,uuaﬂg@; qm%gﬁlummau 3%

qm%nﬂﬁisﬁuﬁ' 1, 2 w8z 3 (USLIMWIAA) Windl 120 C, 160 C uaz 160 C aNu§aL

=)

ANNIITBUVBIINZLYINNY 150 (30N 1) Az 190 (58U7 2) rpm

3.3.2.2 NMINANAYLWNRIBNITUA

111 NR m@hzlm%aamaaagﬂﬂﬁﬂ@Uﬂqsﬁuﬁwu'smaﬂuﬂﬁm FAUIN
700lUNITUAAILA 20-240 T80 AAUNITHRNAALINNUALSILTUTUIAN 9 LasNaunU

™ ° @ A o 4 @

Wingstay L Uszanas 1 phr i lUsauny PLA w@SouidunadinasuaneisinIadnausa
%@LL‘U‘LIﬁﬂE@; meldanznINaNITwagINLRITa 3.3.2.1

3.3.2.3 N1SNENAY NR-g-PMMA

o A a— o . ™ °

@0 NR-g-PMMA 1JuSuldn g Waunl Wingstay L Uszunms 1 phr sin'ly
NRNAU PLA @Twm%amauéfﬂ%'ml,waﬂg@; MelARNIITNIINENT LA URAIT 3.3.2.1

3.3.3 N3 UUIUTHIINALLATAIOAANNAK

0o @ ' a & a v A & va @
UIAIDUINNBILNDINTNNNIUNITDATIAN ‘U%Eﬂlﬂﬂﬂ?’]&l%%’““ﬂ’]ﬂﬂ 2 mm

. L . e 4 - — o 2 :
BRE 1 mm @'JULﬂ%BGﬂ@ﬂ'J’]N@%ﬁQM%QN 160 C a27uaw 200 kg/cm L‘ij%l,'lﬂ'] 9 min

LAIRABLEUAIBILDHLIAT 10 min
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3.3.4 NINAFDLANMNA BN IBADUTINTLUNN

NAFIUAINNIAIPIH ASTM D256 ﬁw‘ﬁaaiwﬁ%ugﬂuﬁaﬁﬁmwwm 2
mm SadueIagIERILNaFoURILIAIpIAasEnTeslRdanunine 12.8 mm uazAIw
£17 65 mm lumataToudreddmitnaseulu 1 goy azeion 2 wuude uwwulivin
WRZLUULNA ﬁ%m{umsmﬂifmzmﬂLﬁugﬂé’ﬁ (v shape) Wda1uan 25 mm 1w
18819 1 g@liﬁlz‘l%%uﬁaasmmaau 20 4% (frasnsnuunuazliuinesneas 10 Gu)
wazAslunsnaseudl 2 3% Ae NINAFBULUY Charpy WAZNNSNARBULUL Izod @28
gﬂ@j&l (pendulum) 2U1A 4 J DaTauanaITENINg Charpy a2 Izod Aa M5N9EUGI0EN9
NAFOU WUNINAROULUL Charpy 920198 udatnsnaseyliluumwinan i landu
ANNIAUNNTATIUATITINTLTOHLIN FIUNINATOLULY Izod 322195 uaagsnasanls

Tuuuag LL@Tﬂﬁgﬂ@j&Jmﬂﬂsumﬂﬁuﬁmﬁﬁiaszﬂ @”ﬂLLam‘Lugﬂﬁ 3.2 MINYINWANDL

] % ] \ 2
N UﬁquLﬁuﬂqﬂ')’] UATUNIUABLLIINIZLLN ﬂluﬁ wagl kd/m

\ s Specimen N\  Striking edge
e N / \
%& 44— |Impéct
—_- Specimen ~_
’ , Stiiking edge »
40 mm ./
> 4 |mpact
N ——
\
§ Charpy Izod

Eﬂﬁ' 3.2MINARIUAMNG BN UADULTINIZUNNUULY Izod ez Charpy
(http://civilx.unm.edu/laboratories_ss/mechmat/charpy.html, 2011)
3.3.5 MINAFOUAMNATRNIRADLITIAALAY
NAROUAINNIAIZIU ASTM D790 ﬁ’]éﬁasmﬁﬁu;sﬂuﬁaﬁﬁmwmm 2
mm aatualethsdniunaseudniasdasinresliiainuniie 12.8 mm uazanw
117 120 mm lumuaIsudatnidmivnasaulu 1 gas sl iudatnanasey 8 tu 14

anusalumanasay 1.3 mm/min kaldussawIa 500 N T1891%A16199 asaa lUH ¢

NBAAE (modulus, E) A1ANNLA Bk IAATIN (yield stress, S,) AIANULATLA Bh IAATIN
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(yield strain, €,) ANANULAY T 20279 (stress at break, S,) WazATEEsHa 10110

(strain at break, €,)
1 =14
3.3.6 N1SNAFAIUANNNWADLIIAY
= ] I‘&’ U {
NARAUAINNIAIIH ASTM D412C mamdﬁmugﬂumﬁﬁmm%m 2
mm é’@%ué’m&inﬁm%’umaauLﬂugﬂ@"’muaﬁi aratagnTunasauly 1 GRS G G}
A1atNaFay 8 Tu 1TaN32 N1 ImMasay 5 mm/min wazlTUIIUUIA 50 KN I1891%
Aa19 g adda luh ANDQAT AIANULEH B AN AANLATHA T AN A1AY
LA T4 90279 LATANANNLATLA T Q@mw%amswzﬁ@ W 90910
a s V=% v
3.3.7 NM1FILATIEHANUANIIAIINIOW
=2 en o A & o A x> |
ANBIFNLANIIANUTaNTBINDALNASNENAILLATa DSC lTa2a819

v
% £

Uszanmw 1-5 mg TuaaulumIdanziUsznaudls 5 1unan a9it Tuaanwsnidunsli

[ A o [ [y AA - . ' PN & '
ANNTOUGIDAT IUNITIRANUTAUAINNA 10 C/min LLa:moqm%nﬂulumimaaumu@
20 C—200 C auwnawngadtduwnsviaatin 590031 lwn1waatdunainn 100 C/min 310
aqmvm“ﬁ 200 C audd 20 C saunsutiunITinauTan Gaalun1slnauTanasn

7110 C/min LLa:"ﬁNqm%gﬁlumimaauﬁmd 20 C-200 C auaawnaiduwmsnaatiin

A o ' <1 { A - . A - - & { o
FI0a I un1IVaaLdnaInn 10 C/min NN 200 C AUNI 20 C WATIWAaUNAN

U

[ o A o [y Y A A . ' A
iunislnausaugdiaaslwnislwainusauasni 10 C/min Lm:maqmwgulumi

Qq: 1 - - =) { =) ‘&l { Y aAa
NAFAUAILA 20 C — 200 C WANUAIWARINAIHFNNIAAIUG 2 wUU Aa WANNILIATY
=3 d a =3 ci v A =3 ai a 3 1 1 v U
(Xy1) WRZNANTINTINANNNANNLSInas AN AadulntTznI9n TR NNTau (X,)
ad o a = ai d
AT MUTUIUNAN Xy WA X WRAIIURNNNTN 3.5 WAz 3.6 TItauniaduainis

WaauVag PLA2002D NfUSINmW&n 100% 1inniy 93 Jig (Zenkiewicz et al., 2009)

Xcl = [(AHm - A}ICC)3 100] (35)
93
X = [AHy,=100] (3.6)
93

Tasfi

Xo 08 USHmnEnuiase (%)
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A =3 A a 2 A v A 2 da & ' ' v
X Mo Nﬂﬂi'}l]‘ﬁ{]Lﬂ@"ﬂ’]ﬂNﬂﬂ“ﬂLWlﬁ]?dLLE\]$NE‘]ﬂ'ﬂLﬂ@“ﬂ%iﬂuizﬂ?']ﬂﬂqilﬁﬂ'mll
Tou (%)
=
AHm fa Laumaﬁmaamwaau
2 a =S &
AH,_ Aa oumadassnsiiandnumsiinu
A 6 6 a 6
3.3.8 ﬂ']%"]Lﬂi']%‘ﬁ“ﬂ"l\‘lﬂﬁﬁﬁﬁ@l‘iﬂ?ﬁN%@%L“ﬁﬁwaﬁ'}ﬁmi

daduuliianuniig 12 mm 817 35 mm i lUneaseualsiaIed
DMTA lasldinafia dual cantilever bending fMeaud 1 Hz Wasidudnsia (strain
control)  0.01% TrgmRNANINAFBUAILG 20 — 185 C UazeaMILANgmnn T
3 C/min

a a ¢

3.3.9 NM1LATIERLATIETI9VaINTINGlANDALNES NR-g-PMMA @78
nana 'H-NMR

A28 NEIWATRAALIN bLAANITATING wazdSuns PMMA 9k
a 6 o a v A 6 v a 1 (>3 1
fiansnawdnuluanassumdesnudrdiensddomaiia H-NMR azanoalaeing
@18 d-CDCl; fuwrmmidiinmaes PMMA AnmWdnuluanasnasssumd laons
a a dfl’ dl v ' a
dufitnsadunldnTnaesunandlysaawu (-OCH;) ad PMMA uwazlawadfinldsaan

(=CH-) 189 NR enU&NMI7 3.5 uaz 3.6

. L,/3
% mol of PM M Ain thecop oly mer(C )= —3——<3100 (3.5)
T (Ls/3)+ (15,)
M
% weight of PMM Ain thecopolymer = STV FMMA 3100 (3.6)

(CPM]V[A 3 MPM]V[A)+ (CNR 3MNR)

Tagd
s A BufitnIniuilénnvesunandlisaas (-OCH;) 283 PMMA i 3.5
ppm
I, 60 BufitnsnAuildnswueslaafifinlUsaen (SCH—) 289 NR 7 5.1 ppm
Couma A8 %mol 183 PMMA lulawafiuas
Mppma A8 maImaqa‘uammgsﬁyﬁmaa PMMA (C50,Hy)
Crr 918 %mol 284 NR lulawafiuas

My A8 maTmaqamammﬂﬁwao NR (CsHg)
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3.3.10 MIIAAIAMNNIBANKT

LAINAIBEN 2 T% Tuaz 125 g dadianuniavadusieinIadyuil

=)

Jaladiaes 1olaaes (roter) mumlmy’mqm%gﬁ 100 C NagaULdwIaT 4 min
3.3.11 mamnsiiuinlaEans
Werad19INEUINTUALaENIING lanafNas NR-g-PMMA A&nasdg

Qd‘ 1 Aa 6 ai A 6 o a 2

FITNTAN LLAANINIINGALEE PMMA w"l,mﬂ@msnﬁW@ﬂuT,uLaqamaﬁﬁmmaaﬂum

o g/ a L% a & ai o 2!’ o € a

mmm%wuwwuﬂIuLaan@ulmeﬂuﬂ GPC Gign1zNnarauadih aaaniiuiia Shodex

GPC KF-806M Lﬁumquﬁﬂmamﬂmma 8 mm 217 300 mm Waz Shodex GPC KF-

803L LduHNguENa1INuluIwIa 8 mm £12 300 mm iWaiARaudl (mobile phase) fia

THF  fdanmslnaviiny 1 mimin - gan@ 40 C - swnasgusianadalaiu

(polystylene, PS) 1021015 refractive index Laz@avinazais THE La3aN@20819A14

WaTuUszaNm 0.1 %wiv wartSunaanagnsludairinnu 20 Mi

3.3.12 N1IATFIUAMWZINWING

() ww3oualatnilas lianaensaan

WWSHUABEITUIANTIY 1.2 cm  WREN3 0.5 cm WIA2881dln
Tulasiaurianduiian 4 h wazNNUd Aaala819LULYIRNa AR ILAzIARaUAIBEN
fenas ihaegsllasaseudmaimeiin SEM fignizminagey 15 keV

(i) \@SuualatslauanasnIaen

WSHNAIE19UUIANTI9 1.2 om WATEII 5 cm woelag1dln

Tulavawnadrtduwiian 4 h  WasHNNUA BnTualatenwnusntindlasidoudinasn

amwnnd 399 1DWIA1 24 h Lﬁﬂ&ﬁ(v’ﬂﬂ’]E]kbﬂ’]ﬂil’]dﬁﬁ’mﬁ’]@y’mEh\‘]aaﬂ au%umuﬁwﬁau

yameafigunnd 50 C iunan 24 h dadradnalilinnuniie 1.2 cm uazenn 0.5

-2

cm GAABHIIUBLYIWNDIRAAILAZIAR LA 8NAY a9 lUaT1asauaas

Waka SEM gn1izn1snasay 15 keV
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HANIINAADILAZINIRNANIINAA DI

UNHLUIn1saiuNaNanIInasadaantiun 5 aaw Aa aaun 1 adulanis
FUANZANTINALawaALNES NR-g-PMMA aaufl 2 aSu1awadiNasNauIening PLA N
NR uazmIulsUSunm NR aaufl 3 afunowadiuasuadsening PLA nUgN619THan
s =S

3% @8 NR, ENR a8z NR-g-PMMA @aun 4 'e]‘ﬁiJ’]ilWﬂaLNai{NﬁﬂJ‘ﬁ%@ ternary blend <3

Usznauaa8 PLA, NR uaz NR-g-PMMA Lazaauil 5 a5un1a8nTnatain1suasnyg
o 4 a 6
4.1 nsdILasznIdlanaaiuas

ni 1 dl 6 Aa 6 Aa
ANTNN 4.1 usavanITiURswNanatvatdwwadiNet dSuimend
Qd‘ 1A 6 Aa dl A 6 o
FYIUTAN AANINTING (free NR) USunm PMMA Mwmmm*smwlmﬂuimaqaam
a A a 6 a A a
FYINTNG (free PMMA) w3alaluwadiues (homopolymer) dseninwmsiiansinéla-
wadwwas (grafting efficiency) warUSuimavas PMMA ﬁﬂﬁﬂﬁuﬂmaqamaﬁssmmﬁ
! ~ & a e A a @
(grafted PMMA) Wu31 nsidfsuannuanatvasidunafinainiusunm MMA vinnu 5
C e e o A A o
W% LRz 40 wt% JALYinAu 97.45% uas 87.35% aus1al tlalSunuuanaluasinadn
=) { A Q A Ql é/ 1 Qo =) =
USumwaas PMMA ﬁvl,um@minﬂWﬁnuTumqamaﬁﬁmmﬂmeumuﬂu U3e®NTNINW
a a (d‘d a AI (% 1 [ a 1 [
mIianIndlanafiuasnauSunm MMA 13064 WinAL 5 wi% Waz 40 wi% Aauvinnu
94.02% Wae 79.70% aNE1AL USu1os PMMA AnTWdus NR fuwamkldannnsdaness
v a 1 a dl 6 Ad‘d a
arnata H-NMR U3unmaas PMMA mswxlemuimaqamaﬁssmmmﬂsmm MMA
SNAK NN 5 wi% Waz 40 wit% NELYinNU 4.67 wi% Waz 35.42 wt% @UR1aU LaY

fuuadadaridn G5 way G35 ANAIAL

A P A o Y o & a &
AN 4.1 AN 9 qnﬂ’]u']mvl,@]'ﬂqﬂﬂ’ﬁa\‘]Lﬂi’]z“ﬂiqv\kﬂﬂﬂwaﬂu\lai

PMMA Free Grafting Grafted
Sample NR/MMA Free NR
conversion PMMA efficiency PMMA
code (Wt%) (%)
(%) (%) (%) (Wt%)
G35 60/40 87.35 2.31 28.07 79.70 35.42
G5 95/5 97.45 5.18 0.84 94.02 4.67

43
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gﬂﬁ4j,42,43Lm:4AmeqauMQ§m1HJNWRmaqNR,PMMA,G35
W8z G5 aNAIeL WU snlnasy 'H-NMR 2a9nTndlanafiuas NR-g-PMMA 113 G35

waz G5 wasananalalanafiwesuas NR Aldiianisnddeanusy dsngsyio
' ) ed o ' = =
ALAIARTWANG LAY 3.5 waz 5.1 ppm Taduaadunandldsaan (—OCHs) wad

PMMA wazlaafifinlusaan (SCH=) 283 NR audau aalneatndvasldsnanlu
Tawadiuas LaaIUANTINN 4.2 FLUNATUVEI G5 WAL G35 LAAIANEMILANIZYAINI NR
wae PMMA @lagdniandasziidusetsnanalalanefwes (PMMA) waz NR 1k
LAansnwdaanliua) uwradin PMMA Lﬁ@miﬂﬁWﬁquNLaqamaa NR Laz®iUnNasu
289 G35 {nugiaIfinasIdiunts 35 (~OCH;) &Ind1 G5 wn TimaaadaIny
- - . Do
U510 MMA AlFlnIFILaT1ER NN ND
dl ] a a 6 o a 6 a 6 v

797 4.2 Aafineadndvadliineuvaingdsglulanafiwaiainmsiienziean

"H-NMR

[GRSEREN d (ppm)
_CH, 16
“CH, 2.0
=CH 51
-OCH, 35
CH CH
CH, v 2 3
\ /
C=C
/ \
~CH,  CH,-
CH

12 12 1 A . 4 4 (30

gﬂﬁ' 4.1 "H-NMR sunasuwas NR
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OCH,
CH;
+eH—Cp
C=0
A
o
™,
CH;
|
\|
l o ol “_A__..I”_L&‘,I_;:.“I_—
e e
3171 4.2 "H-NMR sunasuzes PMMA
CH, CH,
il
H CH—CH,—Cvw\
N
s
\ (4]
HJC/ CHZ J,H.)
; OCH,
CH
|
] Wl ol
\ \I J'I\.. _!‘; J'l \.._, lul
______ e AR e S

gﬂ‘ﬁ' 4.3 "H-NMR su/nasuves G35
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(I.'H, CH,
||\ /CH—Cll;—T“VV\
C =
I |
\ 0o
H,C/ g“l i'u,
CH,
CH
| oCcH; |
" 1) __,_' L ‘ ol g ,fﬁ

14 il 13 1277 7_:17-"-'1.‘.4A ;' L] '_':__ s - 5 < ";A"-EW - 1 ’ 7.'(';';
{ 1 o
gﬂﬁ 4.4 H-NMR su/nasuvad G5

4.2 naaLNoINaN PLA/NR

MINanasidunTiassunafluasHaNTzning PLA  uaz NR  Liie
ATIVFOLAMNENNTOVEI NR lunsiuanudunmuaoussnszunnaay PLA Tag'lale
aaulls NR uazfnsnaninaveslsanm NR Afdesutifanudumudausinszunnvas
PLA 715310 NR ﬁiﬁagjluma 10-20 Wt% uanNisiMIesaLaNTRANUNUA DU
9 ULAZATIIRBLTWINBUNNA NR GIENHIIANTIALBIANATOUULLUFBINTIA

4.2.1 HANIINAFOUVFNUAAIMNATBNIHADUIINTZUNN

AUFIUNIADUIINTZUNNTDINDRWESHEN PLANR 7itsi5u1os NR
WINNU 10 wt%, 15 wt% Wag 20 wt% LLaﬂalugﬂﬁ 45, 4.6 uaza13197 4.3 luminasau
WUL Charpy Wag lzod WUN NNTNARELANNGIUNUABLIINTELNALLLLNA IEATas
AUy liuNNINTNARE LY Charpy Was Izod  @9n1Tundwalatneiinnnsaing
FwiiliTuTuiag LL@:U?L’Jmﬁmﬂ%ﬁ@hm’]mﬁugondm%nmﬁumaﬁué’aaﬂ'w e
Temagrafiansuaninusmivin asin dregrououliunssldaianudumude

LLix‘]ﬂizLLﬂﬂg\‘iﬂ’j’]@]‘u’]aﬂﬁx‘l RUBDDIN
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NAVTWINIINAFAULUY Izod LLaqugﬂﬁ' 45 WU PLA #H@a1a0y
Fumuaausinszunnuuyliuvineinny 19.24 kIim® @nwneaiosnay PLANR liwn
WRIMINaFaY PLA Munnasddnanuaunmudoussnizunnanadidn 2.85 klm> lunmse
ﬁwa§Lwai‘wauﬁ@hmmﬁmmu@iamamumngaﬂdﬂ PLA Tagianizfi 10%NR #1091
@Tmmu@immmumﬂqaﬂiw PLA 2 Y1 UAZAIANNEUMUABLIINIZUNNITanaILia
USunos NR 1ARA% RaNTanmInasauiuy Charpy melugﬂﬁ' 4.6 WU 71 10%NR 61

@
o [

o ' A ' ' a > ' A
AWATUNIUADUIINITUNNVAIZINTY PLA - 0819UUBED zgml,mumml,azvl,umﬂ 7
15%NR Lar 20%NR @hm’mﬁmmu@iaLLiom:Lmﬂgaﬂd’] PLA Lanttaglunstinuin
Wz 20%NR A1 MNNFIWNIBAaLIINTE NN UL liuInTa161n3n PLA annInasay

% ' & \ [ ' AaA A a
AMUATBNIBFADLIINTZUNNNIFDILUY WU 10%NR Lﬂuamﬁmuqu@ﬂmmwm

AMNTIWNIUADLIINTIUNNIANY PLA

Notched lzod impact strength (kJ/m?)

o -

PLA 10%NR 15%NR 20%NR

El]ﬁ 4.5 ﬂ?’]Wﬂ'ﬂN(ﬁ’]u‘Yﬂu@iaLL?GﬂizLL‘ﬂﬂl%ﬂ’ﬁ'ﬂ(ﬂﬁaULLfU‘LI Izod V84 PLA W&UNU NR

WaundsySuno NR

40

35 [£] Notched

30 — 77 Un-notched

25 -

N
NN

20 —

15

10

Charpy impact strength (kJim?)

PLA 10%NR 15%NR 20%NR
U 4.6 ANNANUIIUMBABLTINTZUNALWANTNATULLUL Charpy U89 PLA WAL

NR Liautsi5anm NR



AN 4.3 USawaad NR @aanueunmudansinszunnuad PLA

Charpy impact strength (kJ/mz)

Izod impact strength (kJ/mZ)

Sample
Notched Un-notched Notched Un-notched
PLA- | 254055 | 19.24 ° 522 |285° 066 | 19.55 ° 2.67
0, o o o
10%NR 429 © 054 | 30.16 ~ 590 | 6.36 ~ 0.36 unbroken
15%NR | 284 © 057 | 19.74 ©2.18 | 419 © 045 unbroken
20%NR | 261 045 | 1536 ©2.06 | 3.43 © 0.37 unbroken

4.4 INMINAFAL WU A1 E, S, €, uaz S, 2aIwafiuainananad ladIunm NR

4.2.2 HANNINAFDUANUTAAINNUADUIIAI
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ANUNKABLIIAITEINERINDINEY PLA/NR LLﬁﬂﬁlugﬂﬁ 4.7 WAZOINN

t&l l&l U 1 1 [ e a { a ] L=
WaD% anuiudn €, PLA 61 €, 11Ny 5.44% LazuadnadiuasuaunyUIunm NR ¥iau

A, oa X o @
10 wt%, 15 wt% uar 20 wt% MﬂWLWNTuLﬂu 7.26%, 17.68% LA 7.60% H1UX1QU

UBNINNANLINMITLAN NR ¥ lAna fLua S HENLRAIAN BTN TUANHNWU LIRS (ductile

fracture) LUBINBUNY PLA NNAMNUNZLAZLRAINMILANANWLLLLIE (brittle fracture)

E (MPa)

1800

1500 -

1200 -

200 -~

600 -

300 -

(a)

PLA 10%NR

15%NR 20%NR




Stress at yield (MPa)

Strain at yield (%)

Stress at break (MPa)

70

60

50

40

30

20

10

70

60

50

40

30

20

10

(b)

PLA 10%NR 15%NR 20%NR
(c)
i
.
i

PLA 10%NR 15%NR 20%NR
(d)
PLA 10%NR 15%NR 20%NR
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50

20

-
a
|

-
o
|

Strain at break (%)

PLA 10%NR 15%NR 20%NR

gﬂﬁ 4.7 RNUAAMUNUADLITIAIUAI PLA LazWaRLNasHgy PLA/NR finilsdSunos NR:

(@) E, (b) S,, (c) &, (d) Sy, uaz (e) &

ANTHN 4.4 FULAANUNUADLIIAIVEI PLA uazwadiuasnad PLANR AudsdSunas NR

Sample E (MPa) S, (MPa) €, (%) S, (MPa) €, (%)

o o

PLA 1638 © 39 |62.08 2048 | 531 °020 |61.88 °048| 544 °0.19

o o

10%NR | 1309 © 122 | 39.89 © 390 | 439 024 [ 3216 447 | 726 © 120

o

15%NR | 1240 © 40 |29.74 © 052 | 3.93 011 | 2397 052 | 17.68 © 1.34

o o

20%NR | 1,063 © 20 |24.05° 046 | 406 ©0.13 | 2126 C 057 | 7.60 ° 1.08

4.2.3 NMIATVFIUAHINING

NMIATIIROUFUIIBING T INE A LuaTHAY PLANR AU o NR
WA 10 wit%, 15 wt% uaz 20 wt% melugﬂﬁl 4.8 Af&Iwnoany wod thans
wpnigmaadistalaulas PLA tuigaianan uaz NR uwipnianszany gﬂﬁ' 4.8b
uaasdmgwinguuud il lesanussdegaszninsdgniedr nmanszasdias

\ > [ A o ' Y
E]Hnﬂ’]ﬂ NR Lﬂuvtﬂaﬂqﬂﬂjﬁﬂluagﬂqﬂmaﬂ PLA 6])\‘]a‘bqlaﬂqﬂma\‘]ﬂ’]\‘]ﬁaﬂjﬂ'MZﬂa%T’]\‘]ﬂaN

LLawm@Lﬁumﬂuﬁﬂmamﬁwaaagmﬂ NR t¥inny 2.50+1.16 Mm LLﬁ@]x‘]l%@ni’Nﬁ 4.5
4 a AI J ] Rt ' a o o
WadSunos NR WANUwvNND 15 wt% Wae 20 wt% wWuIn m@mii’mmﬂumaaagmﬂ NR

o v Il&’ v ] { { a
liayna NR duwalngidu sweaidurgudnandaisvasaynia NR NfUTom NR

WINAU 15 wit% Waz 20 wt% NENYinny 2.66+1.62 Mm waz 3.01£2.75 Mm auanau
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uwaadlugLf 4.9 uaza139N 4.5 NNHANIATIIREUFMZIWINGN WU (ladTunm NR

a A’ a @ o ! v a &‘ g e
qumuam@mﬁwmﬂumaam}mﬂ NR ﬁdNﬂl%“ﬂ%’l@]ﬂl}ﬂ']ﬂLWN“ﬂ% (Bitinis et al., 2011)

= ) \ @ ) ) A &
‘Ij\‘lmuﬁ@a%ﬂﬁﬂﬂlad NR RIWNBADAINUATBNIUABLIINICENNYDI PLA NR1IAD LUD

a QI ‘&l 1 v 1
U307 NR tANU A10UATWNIUGADLITINTZUNAVDY PLA 328089

UM 4.8 AUz UINNVRY PLA uazwaiinainaufiulsUTunm NR: (a) PLA, (b) 10%NR,

(c) 15%NR uaz (d) 20%NR

6

Average particle diameter (Mim)

10%NR 15%NR 20%NR

A v ' 6 a a 6 Aa a ] [
ETIJ‘Y] 4.9 mmmaumﬂuﬂnmaLaawaaagmﬂmﬂuwamuaiwau‘nuﬂimm NR L1y

10 wt%, 15 wt% e 20 wt%
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a ¥ ' 6 a Aa 6 a a
@1319N 4.5 °1|°H>'1(§]Lﬁquﬂuﬁlﬂa'}dLﬁlﬂil"lla\‘la‘léﬂqﬂEl']\‘llu‘waaLNaiNﬁﬂJﬂLLﬂiﬂiqu NR

Sample Average diameter (Mm)
10%NR 2.50 © 1.16
15%NR 2.66 © 1.62
20%NR 3.01 © 2.75

4.3 AINSNAVDITHAUDILNI

2
a A

minasasgaiudenlding 3 ofia da NR, ENR uaz NR-g-PMMA lunns
a a & a A o < A o A, ~ va A Aa a
LATHNNBNLUDTINRY L%@NaﬂLaaﬂI‘ﬁ NR % Lﬁu‘ﬂ'ﬂi’]unu@?’] NR URUUGLDINANG &

m’mﬁ@%@ugq LazaNHaNINaFaULdaIah WUI1 NR R85 ANANA BN WA BT

o '
o A

nzunnUad PLA 16 8% ENR Ja27utiduan a9t tathainauny PLA Gadadnuidn

WUTWLALING D199 FINARLAANIIHINULULTIN WG LRZRINAIAAINNAIWNI U DL
a & ' a & Ao A .

NIUNMLANFITH fIunWalanadines NR-g-PMMA % J9u3auAwuinmInan PLA

AU PMMA unsuauuuutnnwla (Zhang et al., 2003; Eguiburu et al., 1998) a9t b

[
v v A

P B TAATIEIWN AR LN TNRNNTUTUIHLNILYINNY 10 Wt% LWTIZAINHANITNARAIN
NIWNN WU USHNas NR 110 10 wit% Lﬁué'@mmuﬁﬁﬁq@ﬁlﬁmmmﬁmmmaLm
NITUNNRIRA
a9
4.3.1 HANIINAFALAMNATWNIBADUIINTLUND
ANNATWNIUADUTINTEUNNVBINOALNATHNRYIZWING PLA  AULIIANS
a o aid a 1 [ ai
FRANUNRUS W89 YIAY 10 wt%  LUn1INARBLULUL Charpy Wae Izod LLK@GI%E‘U‘YI
410, 4.11 UAZANTNN 4.6 NNTMININAFBLUWLL Charpy LLa@ﬂugﬂﬁ 4.10 WU NR,
G5 Uaz G35 &NNIDLNNANNAIUNIWGaLIINTZLNANILUULALazuy liuInYas PLA
16 Tuwwnae ENR25 snansntnaanua wnmudassnszunnuuulivin wazluiuuuin

o o 3

@i']vl,&iﬁﬂ'mﬂﬁslmmaaasmﬁﬁfﬂmﬂ@ ENR 50 vilidnainadiuniudausinszunnis
wuuldunuasBUULINaaad RINTNNINAFBULUY Izod LLa@alugﬂﬁ 4.11 Wui1 N3
AN NR waz G5 M lnalegrauuuldunlinnnasnisnesey a1 ENR25, ENR50 LAz
G35 MlAmaNuiumMuaaLIINTzNNLUL IUINANRY NAINTMIA8819LULLIN WU

o YV ¥ ' Q' &, ' o
NR, ENR25 uaz G5 ﬂﬁi%ﬂ']ﬂ')’]&l@l']%‘ﬂ']%@]ﬂLL?x‘]ﬂiZLL‘YIﬂLWlJ“IJ% e ENRS5O Laz G35
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TN U U UADUIINTIUNNAASS G131 TINANTNATOVUUL Charpy WU NR, G5
way G35 swnInLRneNNuwmMuaansinszunnuuuliuinuazuuuuinuas PLA ¢
ez ENR25 13030LA0ANNG I UAaULIINTzUNnaad PLA wuuliunnivinie wasnns
NARBULUL Izod WU NR W&z G5 S1a130LiNANN@IwMBaausInszunnaay PLA e
yanuuunuasliuin uaz ENR25  §19030LRNANLS wNI%AauIINTEuNnaay PLA
LWZULILLNNLYNT

nEanInaFeuLaasliiAinin NR uaz G5 sanIniRuaue unmuda
Wsanszunnves PLA 16 ueifloRonsonfsrfiavessnsfisnunsaiuanudunusaiss
nN3zuNnNVas PLA VL@Tﬁﬁ'q@ WalSuufisuni wudn NR Judatmuanud wnueaus

AszunnlAny PLA laaninnmwalanadiues (G5)

40

a5 7] Notched Un-notched

W
[=]
a
o

30

N

7|

24,87
Z

_H

NI

25 4

N

-
W
©

7z

22

DRI

19{24
Z

20

Y

7
.
.

NI

__ty
.

DI

15 4

_nty

10 |

Charpy impact strength (kJ/m?)

5 1 2.54

.
.

o

PLA NR ENR25 ENRSO G5 G35

gﬂﬁ 4.10 NTNAMNFIUNIWGDULTINTEUNNVDINARLNATHAN TN PLA NUENIANITH

A% NHUSIUEYINY 10 wi% lUMINagaLWUL Charpy

25

7] Notched Un-noched

N
(=]
|

7

MY

-
5]
|

-
o

|

] ©

72

5.46

Izod impact strength (kJ/m?)
(4]
|

PLA NR ENR25 ENRSO G5 G35

El]ﬁ 411 NINANMNUFIUMUABUTINTEUNNTBINDRLNDSHRNTZWING PLA nUen9d9Tdia

o

% NAUSUIAENILYINNY 10 Wt% MnNINagauwuy Izod
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ANINN 4.6 mmﬁmmu@immmumnmaawaﬁmas‘wam:v&iw PLA NU8NASTHANY

NHUSV HLIYNAL 10 wt%

Charpy impact strength (kJ/mZ) Izod impact strength (kJ/mZ)
Sample

Notched Un-notched Notched Un-notched
PLA 254 © 055 19.24 © 522 285 ° 0.66 19.55 © 2.67

10%NR 429 © 054 30.16 © 5.90 6.36  0.36 unbroken
10%ENR25 | 2.55 © 0.88 23.10 © 6.67 3.14 © 0.36 7.96 © 1.75
10%ENR50 | 1.17 © 0.19 12.01 © 1.94 2.26 © 0.66 9.77 © 2.82

10%G5 3.67 © 0.61 24.87 © 5.93 5.46 © 0.65 unbroken
10%G35 3.49 © 0.80 22.39 © 583 225 °0.77 9.42 © 2.99

4.3.2 HANINAFDUANUAAINNUADUIIAI
A ] =3 a 6 dl dl
RUUAAIUNUGA LTI IVAINORLNDTHNRN LRAIIUANTIN 4.7 IRESINT
412 WU NR, ENR25, ENR50, G5 Laz G35 V‘iﬂﬁ@hwa@é'amm PLA aaad kaziden

dl v A Qs dl U =

NARIN INRLALING LLa@alugﬂw 412a ANULAU T IAATIN LATAULATLA T IAATIN
yaswadwasnan ldsngiialdin ENR25, ENR50 uaz G35 wawadiuasnaund NR uaz
G5 UTINYNIANULAL B 3aAIIN LRZANLATLA Th 003N LRZWUINUAIRARILND
WgUNY PLA udagelsfeaudinisasaainadiuasnas PLA/NR ﬁgandwwaﬁma?wau

PLA/G5 Lanias LLamlugﬂﬁ 4.12b Uaz 4.12c ANNLAK B 9AVIAVDI PLA AAaILlaLA

%

NR, ENR25, ENR50, G5 lay G35 TasiSusdrau @Gf: NR>G5>G35>ENR25>ENR50
melugﬂﬁ' 4.12d gﬂﬁ' 4.12e UEAIANANLATA Th IAVIANIOITzBLHA Th 991A WU
Anszezia ﬁ;@mm@amﬁm@u ENR25, ENR50, G5 uaz G35 aniii NR fiszoziia o
ﬁ‘;@mmﬁwﬁum’]ﬁu 7.26% feifiguniu PLA AifewinnD 5.44% a9 9nnKanis
nagay wudn mMylidsngainnudu o gaannuazaueion o 9aasnl PLA 7
\fiy ENR25, ENR50 Uas G35 Waadaswaaiwasnauianuasfinds uaswuineue-
QAR AWLAK T IAATIN ANVLATIA T IAATIN UATAINAINULAK T4 90279 VB PLA

AARILNBLAY NR WAy G5 wazIzazila mﬁ;@m@a@auﬁmau ENR25, ENR50, G5 Way
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v { A & A v o Ao
G35 gnidv NR ﬁ‘i:&lzﬁ(ﬂ w ﬁl@]“ll’]mw&lﬂlu PIRDAARNDINUINWUIVELVDI (Somdee, 2009)

=

WEAIIWEALNBTHEN PLANR Janutniaitnads

A ] = a 6 ' o ' a v da |a
ATNN 4.7 ANUNWADLTIAIVDINDRLNATNFNTEWIN PLA nUgId I shanunlydIunm

§19L9INNY 10 wt%

(a)

o o © ) o o
v N o ™ ~ ¢
<e| © -~ o o o o
[=)
(m (o] 0 0 (o] 0 (o}
(«§) < (o] ~— Yol ~— o
< N ™ N © o
0 N~ la oY < o\
© N~ © o To) o
~| ¥ < 30 © S o
Flo| || | o | <
S0 0 0 0 0 (o]
Zlo o |w |l v | o |«
| x - N ™~ L) <
- o o N~ — ©
[(o] o ~ ~ ™ N
o < <
N N -
S| © o o
X
(m,o 0 0
~ (@] N~
CIn |3 ~
0 < ™
© o ™
~| o A
Dauu o o —
=10 0 0
| o o o
0Nl e | x® 0
o o <
© 1) ™
N o
o)) N~ © ©
a0 |o [0 |0 |0 |[g
2| o |q | v|o o 0
~ | ™ 3 © © — 2
w el | < @ ™ )
- -~ ~ - ~ ~—
Q|3
o)
Q@ X | r | L ™
sl < | Z |z |2 |20
e | A X X 5
© Dl (=) E _|_|_ o 0/
%) eI |12 |9
o o ~
h ~

—~

~

(edn) praik je ssang
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~

.
.

[~}
0
14
z
w

(%) praik je uiens

7777777

(edn) yeauq je ssang

0
]
V)

V]

1

%m

© <
(%) yeaiq je ureng

G35

G5

<
i
o

Eﬂﬁ 4.12 PINAMUIUNIUAALTIAITAINDALNDININIZNING PLA NULNIANITRAN N

YS9 rinny 10 wt%:

(d) S, ez (e) €,

€y,

S, (©)

(@) E, (b)

% b5

4.3.3 HANIINAFOUANUTAAINATWNIRADUITIAA LA
T@9u89 PLA NUSNSG19TRanwnIUSu

wa

FNUAANNAIUNIUADLTIAG
NR LYINNU 10 wit% WRAIIWANTINN 4.8 WUI1 wadluasuad PLANR lUwnwadnis

nagay lagUnngiieIasiurnanduanduiing dweqaaues PLA aasdilaLia

ENR25, ENR50, G5 ez G35 ANLA Th AN LRZAINULATLA T ANIN FARI 1la
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AN G5 uay G35 LL@i"LajﬂiﬂﬂQmﬁaaaaijaLau ENR25 L8z ENR50 A214LAK B 90119
LRZANLATLA T ﬁ;@m@a@aatﬁalﬁu ENR25, ENR50, G5 Waz G35 @9l 91NKans
nagaU WU31 ENR25, ENR50, G5 uaz G35 limunsaufinanusiumudausiaales
289 PLA lasniis NR

ANTN 4.8 AN IUNIUGAULIIAA LAIVAINDRLNATHFNTZWIN PLA NULIIAITRAN WA

JUSu N9 ¥iNAL 10 wit%

Sample E (MPa) S, (MPa) €, (%) S, (MPa) €, (%)

PLA 3,739 © 107 | 101.34 © 541 [ 3.98 ©0.03 | 95.81 © 595 | 4.42 © 0.52

10%NR unbroken
10%ENR25 | 2,884 © 98 - - 21.99 © 1.78 | 0.87 © 0.06
10%ENRS50 | 2,770 © 138 - - 20.88 © 0.37 | 0.85 © 0.03

o

10%G5 | 3,056 © 99 | 52.03 2055 | 226 ©0.19 | 50.21 © 1.09 | 2.40 © 0.24

10%G35 |3,162 © 158 | 32.90 © 4.31 | 1.18°0.15 | 3146 © 452 | 1.20 © 0.15

4.3.4 NMIATIFDUAUZINING
U IUINIVOINDRLNOINENIZWINS PLA Nusedssianis NduUIum
P1ILYINNL 10 wi% tiluanas N i laaNa NR aanauaavinazans LLﬁ(ﬂ\‘isLuE‘ﬂﬁ 413 N
o s 1 o dl Y & a 6 e o
ARIVENUGA1IN Lwasl,%muakl,mﬂ NR luwadiuasnay 10TIABNIATEI NR $11I%
A & ' ' A o & A
\adgUszaNm 300 LavadudazgAImIAaRLEUNNAREINa 188NN NR LL&@GI%EII‘YI

414 UaZeNINN 4.9 WU aunNn NR ﬁéﬁﬂfﬂz@iﬂ%’fﬁdﬂﬂ“&ﬂz%%’]@E]‘l;mﬁﬂﬂ]i]\‘] NR 1%

WORLNAIHEY L389810UAI% 10%NR > 10%ENR25 > 10%G5 > 10%ENR50> 10%G35

INFUFTININGT WU ENR waznawalawadiuas NR-g-PMMA whnnlany PLA dndn

v v v
2 a L =2 A

NR 1329970 ENR  727u8% PLA AXTILTUHAY A9t 291 ARlaaN31 NR - 0 lad27
X4 g o2 ¥ S .
uanINHLNaANNTUIUANTY (ENR50) ANNTNAKANNINY 1 mwaslmm@]agmﬂ
LANAY ARTUNTINGlanadiuasin WuindSunuas PMMA Tuniwdlawafiuasaina
1 U s v 1 4 a &’
@1amwLm'muvl,mawm@agmﬂmaa NR naafe ladIuna PMMA  11ndn (G35)
v o v 3 ® & £ | &
mmLmﬂuvl,@ﬂmﬂmml,awm@akl,mﬂmaﬂm éﬁwmma@mﬂﬁmﬂmmmmuaﬂﬁa

ANUTNNL LAUBINDALNATNRY LIHINNAMNUTNNK [T2AT19 PLA U ENR W8z PLA
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AU NR-g-PMMA  hlwldsansnnasduauninzes NR ldadigaiau aeiu Jaana

auNALaI NR T

9

aun1A NR aan araavinaransdlasifundinasiduign 24 h 1iNe

e =

N USADUTIINAY

2

a & A a0 o e ' A
ARRIYNRRIAISEY LLN@NSL%E‘]JYI 415 NI/IVLLAINH WUIN ﬂ‘nnggm

£ { > %
Faduvesaynia NR inszansagrialluiganaves PLA

U7 4.13 Uz WINENT89 PLA uazwaAiweauszning PLA nusnadnssiiany Nl
UTumend 10wt% iludnatenlaiaiaeunia NR aan: (a) PLA, (b) NR,

(c) ENR25, (d) ENR50 (e) G5 uag (f) G35



4
E 3
g— 2.50
S
‘g N\
§ 2 -
©
[
()]
S
[
I 1 -
0.45
0.14 0.25 0.08
0 ‘ ‘ m ‘ ‘ N
10%NR 10%ENR25 10%ENR50 10%G5 10%G35

59

A v [ 6 A a 6 1 o ' a v Aa
El]“n 4.14 mumaumqummamawaawaamawam:mw PLA nyUgNaNTuaning

USNUe9HINY 10 wit% Lﬂm‘ﬁazmﬁvlaiaﬁ'@akm'm NR aan

P LR & a a & ! [
A1TNN 4.9 muﬂmaumguﬁﬂmaLaawadagmﬂmﬂuwaamaiwamzmw PLA nu&d

ANTRANUNTUSN W9 YINAD 10 Wt% Lﬁu@"‘sasmﬁ"l,ajaﬂﬁagmﬂ NR 280

Sample Average diameter (IMm)
10%NR 2.50 © 1.16
10%ENR25 0.45 © 0.30
10%ENR50 0.14 © 0.09
10%G5 0.25 © 0.17
10%G35 0.08 © 0.02
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gﬂﬁi 4.15 AgIwinevaIwaRaTNEUPLAENR WAz PLAINR-g-PMMA AifiSainmiens
10 wt% wasana NR dradlasiiuudinasiduaan 24 h: (a) ENR25, (b) ENR

50 , (c) G5 uaz (d) G35

v
4.3.5 nan1aziwknlaEans

A % ¥ o A A
3UM 4.16 ugeInTMMINIzABdITeIt N luaNa VeI TRads 9 N
Aenzddininaiia GPC wudt nmWmInszanedizasiminlaianaves NR Unnng
Ao 2 Na Wufe ansaznInEndvesiminluanainiie nanmInizansalzed
intnluianaves ENR  uazniwdlanwafiuas NR-g-PMMA  fiansmzfiuaunit NR

¥ - 4 S
iwinluianazassniziiadi g uaasluasne 4.10 wud dwmsinluianazes NR g4
A31 ENR  uwaznTndlanadinas NR-g-PMMA LLazLﬁaﬂ’%mm"uamgﬁﬁan%@T ey
A & & ¥ @ = Aa &
PMMA AnTWduuluianaved NR annduininlutanafiazanss 3nKan1sia e

‘Limﬁ'nimaqamadma WU AONUFUNWSNUFNLUALEING NE1IAD ﬁmﬁnimaqaﬁgaﬁw
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@ wn A a & ad o & a & 2 A va A Aa
1%@1]1]@]Lﬁﬂﬂamaﬂwaalawaiwaw@mu AIUY WaRLNAINTN PLA/NR JURUUALTINARNANIN

WaRluasHay PLA/ENR uag PLA/NR-g-PMMA

120

100 -~

3.5 8.5

iog(M.W.)

U 4.16 ﬂ‘i’mlmsmzmw‘i'waoﬁwwﬁfﬂiuLaqamaamwﬁ@@m 9

P :/ b a ]
@138 4.10 m%uﬂimaqamaammu@mm

Rubber M, (g/mol) M,, (g/mol)

NR 1,485,000 ° 32,000 2,702,000 ° 42,000
ENR25 309,000 ° 4,200 780,000 ° 12,000
ENR50 181,000 ° 15,600 558,000 ° 11,000

G5 230,000 © 8,000 849,000 ° 30,000

G35 157,000 ° 12,000 618,000 ° 5,000

4.3.6 HANIANBIMINAMFATIURNAFFAT

MIANBININAAFA T UANAFFATAINNTNATLN awnAnIIuLLLALA-

A s a

a a a ~ 1 et A o v v
amamﬂmaawaamﬁ M aa@;ﬁ]:uaqumﬂﬁmammLLawaammmuﬂu gipN ‘Yl'ﬂﬂL“ll’]I’%

v A

[ s 1 a Al kg &/ [ a
mwawwuﬁszmnauwLmﬂa"uaawaamaﬁm:qm%nﬂﬂ@ﬁmu ﬁﬂmmmmimmi’l:ﬁ

mwvﬁﬁﬁ'uvl,ﬁﬂuaawaﬁmasf 2 Tha mﬁmﬁ:ﬁmﬂﬂﬁwuﬂmmnﬁwaqé’aa:au

a a

(storage modulus, E’) @ima@aaatyl,aa (loss modulus, E”) LLa:ﬁ’]LmuL’%uﬁgtyLﬁf_l (loss

9 U
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tangent, d) lavgaunndndaunuandgyfogigaaziivuirhganndnanaunsudsu
(glass transition temperature, T,) Waz E’ Lﬁslmmﬁ'umﬂ‘wa@ﬁamaaﬂ’a (Young’s
modulus)
a 6 6 6 a 6 1 04
MINATEANWNAMFATYURNAFRATVBINDRINDTHANTENINI PLA N
o1TRAE19 9 uaealuIUN 4.17 uazgmnpimaufsuaniuzues PLA uazwaiiuainay
A A & o A A A . \
uwaadluaaen 4.1 waRwasuaunnadnngamngiidousniue 2 d1 Geaglugag

@ ]
d 1 =)

guunniiasud 40-140 C lasld T, usasfagmnpinaaunsudiungmngiian uaz Ty

a '

uwastsgunndilfsuanusNgunniigs wudl PLA waad Ty LNB4ALAE7 Lazdn Ty 289

a I = A L oA o ' a I '
wolwasnan luinmandfouudasegsdnpday usasimedwasnsudunsnauuoyl
| (immiscible  blend) &% T, 2193anidugmnnininlfousniuzaes NR - Gslu

mu%’mﬁhivlﬁﬁﬂmqmwgﬁmﬂﬂﬁﬂuamuzmaa NR 1389310 NR N luanuiauids NR

@ '
@ o o a

AN ld A9tk ms’imsw:qumugﬁmuﬂﬁwamu:maa NR  @a4vif
qm%gﬁﬁwuwn

a 1

M3 URuLURS E’ LLamlugﬂﬁ 4.18 WU Lﬁaqm%nmamw 60 CE 4

a4 U

a 6 a

1 & 1 i Oq: =) 1 1 di a o v 1 ,
ANRARY TIAN E lNauLyin E Wudn tatdnen9adldvinle 61 B vaswafinasuaudan
di = a a 1 a ) Y =3 U 1 a
089 LUaLUSHUASUTRATaI879 WU NNILEN NR vinlwdn B aasdtaniias wdn13iéu
ENR25 uay ENR50 ¥iNl#an B aqadat imaian LLamlugﬂﬁ 4.18a wazidanaIToMN
Aa 6 1 Aa o U , 1Al ci a
nWdlanadiuas wuin nady G5 vinlwen B lddnmidfuuudas waznisidn G35

SINALH E 808 LL&@GIuEﬂﬁ 4.18b TINAT LA RAAAFDINUNANIINARALUANGIWNUGAD

A a

uIIAININdatduenad lvinlwe E aaasilatlSouisuny PLA

MsiUReuwlas E” LLamlugﬂﬁ 4.19 ﬁqm'ﬁgﬁgaﬂdﬂ 60 C WU LiD
=) 1 q; =Y a =) QI J
13 ENR25 way ENR50 @1 E” aaad hufa wadluasuanutduwdana@niNudw uas E
AI J d'l a 1 a 6 a ni d'l a
WAL BLAY NR LRAIITNERLUBTLRAINGANTINULLLVES LR 3UN 4.19a 1la1An G5
wudn 1 B lddnmaidfsuudasesnsdvedan uazidaidy G35 wWui 61 E” aaad i

a a a AI &I {
fa waRNasUAMUID WA EANLNLUY me;sﬂﬁ 4.19b
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1.2

tan delta

0.6

1.8

1.2

tan delta

0.6
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PLA (a)

10%ENR25

10%NR

10%ENR50

40 60 80 100 120 140
Temperature ( C)
PLA
(b)
10%NR
10%G5 PMMA
— 10%G35 l
1
1
10%G5 1
1
[
n [
1]
1
v
T T T T T T T
45 60 75 90 105 _ 120 135 150

Temperature ( C)

U 417 unuaudgnyiFovad PLA, PMMA uazwafiuasuansznitg PLA nugd1ssia

o

nk

NHUSN I HMENTINAY 10 Wi%

AN 4.11 qmﬂgﬁumw’fﬁfumao PLA LRZWORLNATHENTEWING PLA NUHNIANITHAN

NUUSU N ILYINAD 10 wt%

Sample T,( C) T.( C)
PLA 71.2 -
10%NR 69.8 101.5
10%ENR25 711 96.9
10%ENR50 68.6 96.8

10%G5 70.7 100.2
10%G35 69.3 97.6




64

2.00E+10
.................... PLA (a)
p 10%NR
1.60E+10 - e
............. : 10%ENR50
1.20E+10 -
= 10%ENR25
a e -—--
iU g 00E+09
4.00E+09 -
plas e nral
‘__._—‘? - = n-‘{s:‘
0.00E+00 : : : et — =
20 40 60 80 100 120 140 160
Temperature ( C)
2.10E+10
ssasn Il 10%GS
1.80E+10 "X (b)
10%NR
1.50E+10 | T RN PLA
N1
o,
__ 1.20E+10 10%G35
(3]
e
iy 9.00E+09 | Pl\’j{MA
6.00E+09 |~ T 7'~
3.00E+09 | -
= BT
P s,
0.00E+00 ‘ ‘ ‘ ‘ - t EL
20 40 60 80 100 120 140 160

Temperature (_C)

UM 4.18 NAARFRENVDI PLA, PMMA LasWafluaINaNIzning PLA AUENIGITHan

U 9

NUUSN N VINAD 10 Wt%

4.00E+09
0,
::/10/0NR (a)
PLA i
3.00E+09 |
10%ENRS50
©
O 2.00E+09 -|
Y 10%ENR25
1.00E+09 | ..ooeroii izl
'r!._'-_':‘;.-"-?'ha\~
0.00E+00 : ‘ ; DT —_—
20 40 60 80 100 120 140 160

Temperature ( C)
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4.00E+09
(b)
3.00E+09
& 2.00E+09
iu
1.00E+09 i PMMA
~~~~~~~~ B
0.00E+00 ‘ ‘ : i ki =3
20 40 60 80 100 120 140 160

Temperature ( C)

3UN 4.19 waqaRgwIEuad PLA, PMMA UazwafiluaiHaaszning PLA nunid1dia

A% NUUSNIMEYINAY 10 wi%

4.3.7 Naﬂﬂiﬁﬂiﬂ'ﬂﬁﬂﬂa‘l’lﬂdﬂ')']&%il%
ﬁm:nauu”ﬁmmamﬁ”aumaa PLA LLGZWﬂaLN8§NKN§$%3"N PLA NU8Y
a ' v a a 2 A a X a 6 = = 2 _ A Y A
TUHAN 6 AI8NaKa DSC ﬂimmwaﬂmﬂmﬂuwaamaswaww 2 LWUY a8 WNANNLLNAN
= 4 o 2 A oa 2 da & ' ] Y @

(Xo1) WazHANTINTIAANANANNURASIUazNANN A e nlndTenIansldanusan (Xy,)
ad o a = a a a 6 3 v &
ATNIA WAL IV RHNEAN Xt BRE Xep amwiuuwn 3 Naminmﬁmmﬂ%mﬁmauma

71 melugﬂﬁ 4.20 LAZANTIN 4.12 WU YT ansanusaninadalSunmuanwLas

aunDINIANABNLARNT (T,) V89 PLA na1ifia PLA SUSINMNAN (X,) VinL 42.6%
o & . a = = > -
wadnduzd wudn dSunowanaeaandn 14.7% T, Naaasgunwan 1513 C 1w

147 C RN INAAUNIUTTY (Ty) AaadLanttoy 1N 58.9 C il 57.9 C uazlidang

qmwnﬂﬁmﬂﬁ@wﬁﬂmmmﬁu (Tee) RAVIONRULANIIANUTBUVBINORINDTNEN WU T,

o o

voanadiweinanaglutig 58-60.7 C faldilddnadsuudasadsdioddny T, ve9

waﬁma%auagj‘lwﬁaa 100.8 C-113 C m3Usng T, Wiasane1anaxad bvinninf

wwilauauniertihliifiandn (nucleating agent) wazaaliaannIIaSIaUaIaNe L

A '

289 PLA vaizlwannuau Nganndgindy T, hunsdiusasluanaszldsunasnuaad

uU U

A

anwa liuedusesluanaeienlniuaziionisiaiiosdald T, vas PLA luwed-

q - - o ew X - v
Lua§wauag1u°ﬁao 143 C-1452 C Gida1d1ni1 PLA ﬁm"l,mugﬂ 18991 NUIRTN
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dl A A dl A v d' a
INL@QRW@@@G LLﬁ$ﬂ'ﬁﬂ3’1ﬂ£}‘Wﬂ 2Na N T, ﬁ']l]']iﬂﬂﬁll']&lvl,@'l”l T qu%QNQGLﬂ%

lavsaiavasnanfignysoindt T, Ngnnden (Suksut  Waz Deeprasertkul,  2011)

YSunukanvasnednasiausTad I ldananuLand1ssening AH, uaz AH,

WU WORLNBSHRNTIRNATUTNID Xy (Xt < 4%) aaad wazdlfndnnin PLA nafes s

& 4 & 9
mugﬂ LAz mumimugﬂ L7

Heat Flow Endo Up (W/g)

L _J\ PLA
A i v-_J\A 10°A)NR
A \/_/\/\ 10%ENR25
N \/J\/\ 10%ENR50
_JWJ\/\ 10%G5
AL A A"\ 10%G35
L SNS———
T T T T T T T
20 40 60 80 100 120 _ 140 160 180 200

Temperature (_C)

gﬂﬁ 4.20 N30 DSC Uad PLA LazwaRllaINaNIe®I1e PLA NUENNATHaNS N

USUNRENITINNL 10 wt% lagnTlnanusanasdn 1

139N 4.12 FNUANIANUTauTaY PLA LL@&WQ@L&JQ%NKNSZ%’]'WG PLA NUg1967197%

o

U NHUSUIIRENILHINY 10 Wt% laamslranusanasan 1

sample | T,( C)| T ( ©) Tu( C) | DHe | DHy | Xer (%) | Xeo (%)
PLA pellet | 58.9 i 151.3 - | 396 | 426 426
PLA sheet | 57.9 i 147.0 - | 137 | 147 14.7
10%NR | 607 | 1063 | 144.3, 1522 | 286 | 29.7 1.2 31.9
10%ENR25 | 59.4 | 1065 | 144.3,151.7 | 325 | 323 | 0.2 34.7
10%ENR50 | 60.4 | 113.0 | 144.2,151.0 | 29.3 | 327 | 37 35.2
10%G5 | 56.0 | 1040 | 143.8,151.3 | 307 | 310 | 0.3 33.3
10%G35 | 587 | 100.8 | 143.0,150.8 | 322 | 322 0 34.6
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4.4 WORLNDTHANTIA ternary blends

v A

nvatai 43 GelddnssievasnlunisaSounadiuesnan Wi
NR san3niuanudumudansinszunnves PLA 16 udannweng SEM wudn 1w
mansunuylidwitaifoniu iianisuenigneszning PLA uaz NR athataian ud
WaRLNaTHaN PLAINR-g-PMMA fsusiinauifiienanasnin PLAINR w@annawene
SEM wui1 1u1aauna NR lunadinasuay PLA/NR-g-PMMA flaweaynalinnin
weaAIm s RwleNNT a3 5930 NR-g-PMMA anidusnsiinanudiiwlaliiu
wadlNasNay PLANR laswasoudunadinasnauaiia ternary blends (PLA/NR/NR-g-
PMMA) Senmindlanafiuaiild do G5 uaz G35 uaziSunmaainndlanadiwasils
Wiy 5 wt% @Twm'%iawamfﬂ%'mwuaﬂg@;

4.41 HANINAFBVENTAAMNATUNIWBABUTINTEUNA

ANMNAUNBABLIINTZUNNTES PLA NUWaRNasHaNTia ternary blends
lun1Inasauwuy Charpy LL&@GI%EﬂﬁI 421 WRZANTIIN 4.13 WU AUEIUNIUG BT
nszunnuuylduinuesnedwasnanidusuno PLA, NR waz G35 WYinnu
90%PLA+5%NR+5%G35 (5%NR+5%G35) e 85%PLA+10%NR+5%G35
(10%NR+5%G35) LANAWHNAY 26.33 kJ/m’ uaz 35.55 kJim” a1uday LiewSeuifioy
iU PLA fifleinLyinniy 19.24 kJim” uazwadiuasnauiysunos PLA, NR was G5 tviany
90%PLA+5%NR+5%G5 (5%NR+5%G5) as 85%PLA+10%NR+5%G5 (10%NR+5%G5)
HA1ANUAIUNIBADUIINIZUNNAARI WINTHIAMINATBNIWADUITINTZUNALLLLIN
WU31 WoRlwasHENATUSHII NR, G5 uaz G35 YAy 5%NR+5%G35, 10%NR+5%G5
ez 10%NR+5%G35 JeNANUfuNMuaansInTzunniiudn iy 4.10 kd/m’, 3.09

o

kd/m® Uag 4.55 kd/m” audey ieaiSouifisuny PLA fiflduyiniy 2.54 kd/m” wdwas-

WatHRUNAUSINIL NR ez G5  YiNAU 5%NR+5%G5 WUI1 A1aNa 1 wNIwaalsd

L™

nszunn ldilfsuulasednslinedan nwanImagauNna1 N Wil G35 &1N1In
AI £Z 1 1 £ Ai a a
LNUAN U UA DL TINTZULNALUY B UINLAZLULUINTEY PLA latdataSuuiiunwa’-
WasHaNTHe ternary blends uananninafiuainauNiUIuim NR uaz G35 winu
10%NR+5%G35 ﬁmm’mﬁmmmﬁaLL‘NﬂsszﬂﬁaLLmeﬂLLa::VL&imﬂgqﬂjwwaﬁma{

nad PLA/NR 7idit5anas NR Wini 10 wt% anaae
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ANMNFIUNUABUIINTEUNNVEI PLA NUNWBRLNDSHRNTRA ternary blends
lumsnesauuuy Izod LLa@olugﬂﬁ 422 UREANTI9N 413 WU ANUEIUWNIHADULT
nyzunnuuulduinveswasiwasnaunfUsinm NR  uar G35 ¥Ry 5%NR+5%G35
Rudn SArinmy 29.21 kiim” Wiaifisuny PLA AR 19.55 kiim® uazwadluas
wauﬁﬁﬂ%mm NR, G5 ey G35 LYinnNu 5%NR+5%G?5, 10%NR+5%G5 LAY
10%NR+5%G35 HA1ANUAIUNIBADUTINTZUNNAART NINTUHIATNINNATUNIUAD LTI
NTLUNNRUVLAN WUFN BadnaRiueTuanAfUsum NR, G5 Uuaz G35 LvinNu
5%NR+5%G5, 5%NR+5%G35, 10%NR+5%G5 wae 10%NR+5%G35 Faauduwnmn
foUsINTEUNNARNAY vy 3.78 kd/m®, 5.41 kJim’, 3.72 kJ/m~ uay 8.45 kJim’
ANEGD LiloAiuuAY PLA SAWYARD 2.85 kd/m® 2NKANIINAFED WU NaRlues
NENNTUSINDY NR 482 G35 YN 10%NR+5%G35 Sf10110f WnBaausdnszunn
LLuumﬂqaﬂ’j’]waﬁLua‘?Nau PLAINR #715U50nm NR Wi 10 wi% aneas 9annis
NAFAUAMNGIUNIUADUIINIZUNNLLLY Charpy e Izod WU G35 A=z uans
WRaTnwle TR TR AN U UA BUIINITUNNTBIN D ALNB KA

PLA/NR

40
Nothed Un-notched 35:55

35

30 - 7

AN

25

Nl

20 -

Ve

15 -

10 -

Charpy impact strength (kJ/m?)

PLA 10%NR 5%NR+5%G5 5%NR+5%G35 10%NR+5%G5 10%NR+5%G35

3UN 4.21 AU uMudauLIINIEUNNTEY PLA AUWORLNAINENTHA ternary blends

Iuﬂ'ﬁ‘ﬂ(ﬂ ®FaULUY Charpy
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35

Notched Un-notched

N
©
N
-

30
y

N
NN

25 -

20

N
©

77

15

i
DA

10

Izod impact strength (kJ/m?)

5%NR+5%G5 5%NR+5%G35 10%NR+5%G5 10%NR+5%G35

PLA

10%NR

3UN 4.22 nlanuduMudauLIINITUNNTEY PLA AUWBALNEIHENTHA ternary blends

&L%ﬂ’]‘iﬂ@] ®FOULLUD Izod

A137197 4.13 ANUAWMUABLITINTZUNNVBY PLA NUNaRasHaNTHA ternary blends

Charpy impact strength (kJ/mZ) Izod impact strength (kJ/mZ)
Sample

Notched Un-notched Notched Un-notched
PLA 254 © 055 | 19.24 © 522 | 285 ° 0.66 | 19.55 © 2.67

10%NR 429 ° 054 | 30.16 590 |6.36 © 0.36 | unbroken
5%NR+5%G5 | 272 © 063 | 13.19 © 3.05 | 3.78 © 0.48 | 16.29 ° 3.33
5%NR+5%G35 | 410 © 045 | 26.33 © 3.41 | 541 °0.85 | 29.21 © 4.08
10%NR+5%G5 | 3.09 © 052 | 13.76 © 0.38 | 3.72 © 049 | 1526 ° 2.16
10%NR+5%G35 | 455 © 0.32 | 3555 © 1.11 | 8.45 © 0.39 | 17.47 © 3.54

4.4.2 HANINAFDUANUAAINNWADLIIAY
A 1 = a 6 dl dl
FUUAANNNUGABLTIAIVAINDRLNATHRY LLamlugﬂﬂ 423 WaANTIN
4.14 WU LUBLAN 5%G5 Wa: 5%G35 Iuwadluasuay PLA/NR NaU5u o NR ¥y 5

wt% Uwae 10 wt% @hua@;é’a AULA Th 'ﬂq(ﬂﬂiﬁﬂ LRZANULATYA Db ﬁ;@m’mmaawaﬁwag



70

WINTHA ternary blends NAAAIAART AWLAK Th 3AIAVBIWDRLNBTHENTHA ternary
o A, ' o A a a o A a

blends NnAaildnanadatvtalInlalToufisuAl PLA uazszasiia o 992710 UaInad-
& AA |a | @ A A £ = o A

WaTHENNAUTUIL NR ez G35 1YiNU 5%NR+5%G35  AaLANTwlantay Lila
a = o 1 1 [~ 1 A a 6 a

Winuifisuny PLA - udadnalsfiann wudn szoziia o 9avnavesnefineuaniie

ternary blends (5%NR+5%G35) #dfasnitwadinasuay PLANR 7dU3u1m NR

WINAU 10 wt%

()

600 -

300 +

5%NR+5%G5 5%NR+5%G35 10%NR+5%G5 10%NR+5%G35

(b)

n
<>
I

=
<
I

W
<
I

Stress at yield (MPa)

N
<>
I

p—
=]
I

PLA 10%NR 5%NR+5%GS5  5%NR+5%G35 10%NR+5%GS5  10%NR+5%G35



Strain at yield (%)

PLA 10%NR 5%NR+5%G5 5%NR+5%G35 10%NR+5%G5 10%NR+5%G35

70

@

60 -

40

20

Stress at break (MPa)

10 4

PLA 10%NR 5%NR+5%G5 5%NR+5%G35 10%NR+5%G5 10%NR+5%G35

(e)

Strain at break (%)

0 N [+ s . > ¢ . N 5%y . > .
PLA 10%NR 5%NR+5%G5 5%NR+5%G35 10%NR+5%G5 10%NR+5%G35

31 4.23 FUUAANUNUGABLITINIVEI PLA uazwadiuasnaushia ternary blends: (a) E,

(b) Sy, (c) €,,(d) S, uaz (e) €,

71
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319N 4.14 FUUAAINNNUABLIIAIVES PLA NUWaRLNaINaNTHa ternary blends

Sample E (MPa) S, (MPa) e, (%) S, (MPa) €, (%)
PLA 1,638 © 39 | 62.08 048 | 531 020 | 61.88 ° 0.48 | 544 ° 0.19
10%NR 1,309 © 122 | 39.89 © 3.90 | 4.39 © 0.24 | 3216 © 447 | 7.26 © 1.20
5%NR+5%G5 | 1298 © 26 | 3648 © 122 | 432 027 | 3420 °1.91 | 540 ° 0.84
5%NR+5%G35 | 1331 ° 51 |41.13 °0.35 | 4.35 °0.19 | 35.06 © 2.54 | 6.86 © 1.95
10%NR+5%G5 | 1186 © 43 | 26.96 © 1.93 | 410 © 0.11 | 24.57 © 1.70 | 5.37 © 0.90
10%NR+5%G35 | 1,230 © 36 | 29.03 © 0.25 | 3.69 © 0.10 | 2547 © 0.96 | 574 ° 1.90

4.4.3 HANINATDUANTAANAIWNIBADIIAALAS

ANMNFIUNUABLITIAALAIVRINDALNTHANTAA ternary blends WaAI1H

AN NN 4.15 WUT1 WaRLNATHRNNTLSUIIE G5 WAz G35 Ny 5 wt% e1at9 luRnnas

AMINAFOL NLIH NaRLNBSHENNE G5 wae NR innU 5 wi% (5%NR+5%G5) 1814

LAATOURNATITINKAING A% INHANIINAFAU WU NIIWG lanadiuasnianlunasd-

LWATHNRNNTUSIN L NR YINNU 5 wi% LAz 10 wi% 8INITOLANANNGIUNINUADLIING

Tasle

@397 4.15 FUUAANVMUNUABULTINALAIVBI PLA NUNaALNaSNaNTAa ternary

blends
Sample E (MPa) S, (MPa) e, (%) S, (MPa) €y (%)
PLA 3,739 © 107 [ 101.34 © 541 | 3.98 © 0.03 | 95.81 © 5.95 | 4.42 © 0.52
10%NR unbroken
5%NR+5%G5 2,847 © 78 | 7129 © 1.48 | 3.92 © 0.08 | 47.28 © 4.06 | 7.67 © 0.64
5%NR+5%G35 unbroken
10%NR+5%G5 unbroken
10%NR+5%G35 unbroken

* FUAIBENINATOURNATITINKRING
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4.4.4 NIATVADUTMIIWING
Nn3UN 4.24 UEAIRILIWINUIVBINORINDINEYN PLAINR uazwadiuas
a dl ° - 1 [ ' d'l a a o‘a‘d a
NENTHA ternary blends NAAIVENBE1INK WU tlaLdunTndlanadiuasnidySun
G5 WAz G35 LYINNU 5 wt% adlunafllasNaunad NR LYINNU 5 wt% Waz 10 wi% anie
E&uﬁ’mﬁﬂil’]“llE]GWE]@L&IE]{N&%JYJT]@T’JLLET@]\‘lﬁ\‘lﬂ’ﬁLLElﬂ?lE]\‘I’Jygﬂ’lﬂa@lad dawalﬁmm@agbmﬂ
289 NR 89089 LEAIIANITIN 4.25 UAzA1TINN 4.16 NINTNITZRIINORLNINRNTAN
USunasuad NR VNN 5 wt% wazdid3une G5 17Ny 5 wt% (5%NR+5%G5) NLUNaR-
6 aid a ] > a 1a 1 -

WasHENNAUSV eI NR AU 5 wt%  wazddSunos G35 Ay 5 wt%

(5%NR+5%G35) WL31 WaRLlNBIHAN 5%NR+5%G35 LLamé'mgm%mﬁvﬁwﬁ'uvlﬁ

mﬂﬂ’i’l‘waﬁmai{ﬁmu 5%NR+5%G5 dﬂwalﬁm%’]@Lé’%ﬂ’]ﬂugﬂa’]\n%aﬂmE]\‘iakluﬂ’]ﬂ NR 1%
a & ~ & > & a a )
WORLNDINEN 5%NR+5%G35 NUUIALANAILYINNL 0.09+0.06 Mm tNatdSuuneuny

5%NR+5%G5 ﬁﬁmmméfumﬂuﬁﬂmam‘ﬁ'waaagmﬂ NR L¥InAU 1.23+0.82 Mm w3
lugﬂﬁ' 4.24b Uz 4.24c MTONTTAIINERNESHENATUSIN a9 NR Wwir 10 wi%
wasfiUSuNm G5 HNU 5 wi% (10%NR+5%G5) nuwafiuasnauidSuimuas NR
WiNNU 10 wt% wazditIunm G35 NN 5 wt% (10%NR+5%G35) LLam‘Lugﬂﬁ' 4.24d
Wae 4.24e WU WaRLBTHEN 10%NR+5%G35 LLamé’mgm’mmﬁm‘hﬁ'u"l,ﬁmﬂﬂ’hwa-

ALNATHEN 10%NR+5%G5 sﬁwm@mmmﬁumgﬁuﬁﬂmdLaﬁwaoagmﬂ NR luwadiuas

NEN 10%NR+5%G35 JUWIALANAY LYINNU  1.84+1.33 Mm wlatlSuufisununadinas

%

NN 10%NR+5%G5 NUANYINAY 1.98+1.27 Mm

MNHANMIATIIROUFUFIWINNVDINAFINATHFNTHA ternary blends YN

% a 6 a v v a 6
G1 NINGLlANDRLNDS G5  1ar G35  &INIIDLANANNITINW LA LANUNaRLNaTHEN
PLANR ginaliauiaauniazas NR lunafinainaunwaiiuasuausiia temary blends
d v = =Y 1 4 v > v J ~
AR TINAAARDINUNANIINARALLTING Na1Aa Lﬁam'mLmﬂuvl,mnﬂmmm@agmﬂn
1 v A A dz d‘l a n‘ U
ANRI FINRIARNUALTINAAUY LAz TaNINTIAUENNITD LN TLTWRITLA N A ML
NWLA WUIT G35  ANIERNNAZLTUENIIANNANULTNARIANINNTT G5 WEAILALAKIN
USurmwaas PMMA Tunsndlanafiuasinadaninunnulauasnadiyasuay lagiia

a Q‘ J v Qs v &/ 1 L=
USunauad PMMA WANAH (G35) ANLTNK LA NN WLT A
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gﬂ‘ﬁ' 4.24 Pty SEM walluasHan: (a) 10%NR, (b) 5%NR+5%G5,
(c) 5%NR+5%G35, (d) 10%NR+5%G5 Waz (e) 10%NR+5%G35
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Average particle diameter ([Tlm)
N
1

10%NR 5%NR+5%G5 5%NR+5%G35 10%NR+5%G5 10%NR+5%G35

A o & a a &
EIJ‘YI 4.25 °l|'1/lﬂ@LﬁuN’]%gluiJﬂﬂ’NI@UL%ﬂU‘ﬂa{'la‘léﬂ’]ﬂUWGI%WQGLNG?N&N

P o & a a &
AN 4.16 mu’mLaumgluﬂﬂmﬂ@mooawaaa‘y},mﬂmﬂuwamuaiwau

Sample Average particle diameter (m)
10%NR 2.50 © 1.16
5%NR+5%G5 1.23 © 0.82
5%NR+5%G35 0.09 ° 0.06
10%NR+5%G5 1.98 ©1.27
10%NR+5%G35 1.84 © 1.33

4.5 ANSNANITUALY

v v
o a =]

andizasdnanvasnuidefulifaniaiuaudiunudausinszunn
Y | o & o \ A X 4

289 PLA 618 NR WU Uszaunadiisalasainudiumudausinszunnivuds uazile

AnENe19TiadusING8 Ao ENR uwae NR-g-PMMA WU A N@ W BAaLIInIzunn
12. &/ [ Rt s v v 1 v v v 1

N TwunY uddinsldtaands NR fausddn NR Tidanudumudausanszunngs
1 d' ot a 1 ] ;&’ a > = o

walaarasausmgIwing wudn iumsnsunun lidwitardaany Seinsvelawe-

f1was NR-g-PMMA antdalunadinasuan PLANR wwatduansiiuanudnnwle wudn

= I3 = v @ v & v o A 1 2K A A
agl,mﬂmaa NR UUUIQLANA LLﬁ@]OﬂGﬂ’JWﬂJLT'\ﬂ%VL@NWﬂTH l%ﬁ’JTBHQZﬂﬂqﬁﬂda'ﬂﬁWﬂ
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PYINNTUAYI AN LANAINILEITT NR LTI N AN UG IWNIBe Al IInIzunn laa
A o & =] ?,’ % % (3 d'l ny d'l =3 1
NFA A% ma@m%uﬂimaqamaa NR 18mIuadisinIasuagedIannis iNadnmsin
?,’ L A & = A & 1 ] va A a 6
m'vmﬂiuLaqawamamummwwu@m@mumzaaNa@aauummﬂammwaamawau
3okl 1aulanIza NI BIgNIANINFIWNBADLIINIIUNA  LOSUNNDRLNATNRNTZAIN
PLA nU NR 7IEN%NNTUA NUYUINNa NR AUALYINAL 10 wt% sTamﬂ%aoé'@%'mmuaﬂE@j
a 6 3’ % -~
451 Nam‘nLﬂ‘nmmwunfmaqaLLazmww%ﬂ
AT ‘ﬁmﬁﬂmaqamaa NR NHIUNNTUAAILG 0-240 a1 LLﬁ@Glugﬂﬁ

4.26 LAzANT19N 4.17 WU1 NR U@ 0 Jau (NRO) nsnazlianwmeidu 2 Ae uaaads

] '
= o

NNINILANLVAITNRINNNIN9VDI NR ﬁﬁiﬁmUisﬁﬁﬁﬁmﬁfﬂimaqaﬂgaLm:magi’mﬁ'u L6l
A A o & o Aa = Y
Waruswansaulunisua NR 1w 20 sau (NR20) AdsasdanngnawWid 2 We touwni

1 = A A :/ % cl> 1 = g’ % A
mewwwmﬂaauvlﬂmmm%uﬂiuLaqamm'} LLammu’muﬂImaqamaomwa@aa
A A o ' ' a ~ a o
uaztlaiudiwausavlumsuennnnii 20 sau wudn nWlIngssRaLae? duLsad

P v Aa Y ) o ] o A a Y o

naaaumaoaﬁﬂisﬁwwuwuunimLaqaqagﬂmmy aowal%ﬂ‘swwLaauvl,ﬂmwm%uﬂimaqa
A a & A A ) o = o L

AARI LLa:Lwa’smi’]wm’mv\u@Quuﬂl‘v\Na‘naa@ﬂaaanmuammmaulumsummomﬂ

& = L { {
Vb ﬂ'ﬂquﬁﬁ@ﬂﬂ@aﬂla%uﬂu LLﬁ@\ﬂuEﬂﬁ 4.27 LLE‘]&@]']T]\Tﬁ 417

120

NR160

NR200 NR180
NR240
100 IR

80

60

M.W.(%)

40

20

3.5 4 4.5 5 5.5 6 6.5 7 7.5 8
log(M.W.)

gﬂﬁ 4.26 31130 ulwN1TUALNIAILE 0-240 FOU @iaﬁmﬁfﬂimaqamaa NR



60

; 50.57
50 ¢

40 ¢

ML(1+4)

20 ¢}

10 ¢

<A
b
e
b
b
b
b
b
b
99
72
b
b
99
e
b
b
b
b
b
b
99
72
b
b
99
e
b
b
b
%%
A

IS
»
9
o

41.82

34.34

17.20

14.03

182 4450

i

6.88

9.15
T

0 20 40

T T

T T

T

60 80 100 120 140 160 180 200 220 240
Number of mastication

gﬂﬁ 4.27 1 Iw3aulwn1TUaLNIaILe 0-240 saummmﬁwﬁ@guﬁ

AT NN 4.17 ﬁmﬁfﬂimaqamao NR AIHIWANTUANILG 0-240 58U

Sample M, (g/mol) M,, (g/mol) M,,/M, ML(1+4)
NRO | 1,485,000 © 32000 | 2,702,000 42000 | 1.82 © 0.03 | 56.62
NR20 | 1,200,000 © 30800 | 2,169,000 ° 31000 | 1.81 € 0.02 | 50.57
NR40 | 992,000 © 24000 | 1,668,000 ° 3600 | 1.68 © 0.02 | 44.76
NR60 225,000 © 7000 705,000 © 6500 | 3.13 012 | 41.82
NR80 | 210,000 © 14000 | 538,000 ° 9400 | 2.56 © 0.12 | 34.34

NR100 | 202,000 © 5000 468,000 © 1000 | 2.32 ©0.06 | 26.35

NR120 | 190,000 © 10000 | 416,500 © 7000 | 2.19 © 0.09 | 24.10

NR140 | 189,000 © 1500 389,300 © 3000 | 2.06 ©0.00 | 17.20

NR160 | 187,000 © 7400 368,500 © 4100 | 1.97 © 0.06 | 14.03

NR180 | 176,000 © 2700 343,400 © 4400 | 1.95 004 | 11.82

NR200 | 168,000 © 1400 319,400 © 5000 | 1.90 ©0.02 | 10.59

NR240 | 158,000 © 3800 271,000 © 4500 | 1.72 © 0.01 6.88

77
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4.5.2 HANIIATIVHDUAUIIWING

a A ' o a a [ ¥ A o
BNTWAVBINIIUAL NG UIIUINGIVDIWDALNDINTN PLA/NR TITUIN

]
= o

saulumIuaAILe 0-240 50U LLamﬂugﬂﬁ 4.28 NHNAIVLNY 1,000 L¥iN WU LHIIWIN

&/ <A 1 £ a o
aulumsuas1IuINT% aun1A784 NR NHUIAAAR Ueayn1Aved NR genidanma
WunsInay muwmﬁumguﬁnmomﬁwaaqumﬂ NRO aA&9I37N 2.50+1.16 Mm 0%

0.47+0.28 Mm 9 NR240 LLa@alugﬂﬁ 4.29 LRZANTIN 4.18 IINAINWENY SEM WU
aa@ma’aaﬁ'uﬁmﬁfniul,aqau,a:mwwﬁ@ NaIAe NTUA NR ﬁﬂﬁﬁmﬁfﬂimaqmmz

AMUNRHaTad NR 8089 Lﬂummeﬂﬁmm@agmﬂmaa NR aaa3d




gﬂ'ﬁ' 4.28 NNy SEM 2asnadinasnay PLANR lasutsuSanm NR Arumsue
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WinNU 10 wt%: (a) 0 38U (b) 20 38U (c) 40 38U (d) 60 Jau (e) 80 38U (f)

18RIV

100 J0U (g) 140 38U (h) 180 38U (i) 200 8L WAL () 240 58U A7

=0
%

Average diameter (Mim)
R
e

Z

b

XIZIXTE
000
KA A A
QUL

v
%
R

o5

Number of mastication

a o & a a a &
Eﬂ'ﬂ 4.29 "I.I‘H.’](ﬂLﬁuN’]%leuElﬂﬂ'NI@]&lL%ﬂﬂ‘llaﬁ ﬂ‘tqbﬂqﬂEl’]ﬂﬂN’]%ﬂ’]iU@]l%WﬂﬂL&la‘SNKNI@]EI
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P LA & a a a &
17190 4.18 mmmaumgjuﬁﬂmﬂ@ﬂmamla\‘la‘lgl,nﬁﬂm\‘mmumimﬂuwaamaiwau

AdU5an NR AU 10 wi%

Sample Average diameter (Mm)
NRO 2.50 © 1.16
NR20 1.88 © 0.94
NR40 1.76 © 0.63
NR60 1.48 © 0.61
NR80 1.28 © 0.54

NR100 0.95 © 0.44

NR140 0.86 © 0.74

NR180 0.62 ° 0.41

NR200 0.56  0.49

NR240 0.47 © 0.28

4.5.3 Naﬂﬁ‘iﬂﬂﬁﬂﬂﬂﬁﬁ&ﬁ’l%ﬂ’]%@iaLlﬁ\‘)ﬂizll‘ﬂﬂ
v ' a 6 1 a A
AMMUATUNIUADLLIINITUNNVDIWDALNDINRNUIEHING PLA N NR 7MHH

ﬂ’]i‘]J(?']@hULﬂ%ﬂGU@ﬁadgﬂﬂﬁd@y\‘]Lm‘ 0-240 LLamlugﬂﬁ 4.30 UAZANTNN 4.19 NMINAFAL

'
=} o

LU Charpy WU Hoswusaulumsuasnsanndu dous 20-180 ArAuEwIUdD
LLsamszﬂﬁLﬁugﬁuﬁGﬁqazi'ml,uumml,azvl,&imn LARRIAIN 180 8L @AY
UM UAILTINTIUNNAZAARS  WANANANLINANUT UM udausInTzunnuuyliuin
WRZUNNVBINBALNDIHAN PLA/NR240 nu PLANRO HdrlnsiAssni annnweny SEM
Twwadie 4.5.2 ugelwidinin Weswinsenlunmsuasnaiuiu IWIADRNIAVEY NR \an

ad Lﬁaamﬂmmﬂﬁ@LLau{mﬁfﬂImaqaﬁa@m Wuin SwansevulunsuasIfimans s
o 40-180 39U F9 NR flaypmevwiaiinuszanm 1.76 © 0.63 Mm 9 0.62 © 0.41 Mm
gﬂﬁ' 431 WEAINANAFOULUY Izod Wuin @rassuuyldunlivnnasnsnesay was
éwu%’uéﬁasmLLuumnmmmﬁmmu@iaLLsaﬂs:LmﬂLﬁ'ugaﬁuashamn fswansauns

& 1 1 > 2 4 > { H 1 1 Q
UALNS 100 JaU TIUANYINNY 14.7 kJ/m” tlaldSouiisunuensnue 0 sau AUaLvinAL
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ANINN 4.19 ANNAIUMUABLIINIZUNNVES PLA LLGZW@@LN@{N@&J PLA/NR I@]EILUJ‘E

1S3 NR NHIWA5UA WAL 10 wt%

Charpy impact strength (kJ/mz) Izod impact strength (kJ/mZ)
Sample

Notched Un-notched Notched Un-notched

PLA 2.54 © 0.55 19.24 © 5.22 2.85 © 0.66 19.55 © 2.67
NRO 4.29 © 0.54 30.16 © 5.90 6.36 © 0.36 unbroken
NR20 4.43 © 0.36 32.87 © 6.32 6.75 © 1.43 unbroken
NR40 451 ° 0.50 4191 © 5.35 7.13 © 1.36 unbroken
NR60 4.69 © 0.54 4251 © 9.58 755 © 1.33 unbroken
NR80 538 © 1.10 43.86 © 4.04 9.74 © 2.19 unbroken
NR100 571 © 1.39 4410 © 539 | 14.70 © 3.33 unbroken
NR140 589 ° 1.19 4450 © 4.76 9.58 © 0.97 unbroken
NR180 6.52 © 1.13 45.95 © 7.05 9.77 © 0.97 unbroken
NR200 457 © 0.18 40.48 © 6.15 6.47  0.48 unbroken
NR240 4.39 © 0.46 29.17 © 2.80 4.16 © 0.51 unbroken

4.5.4 HANIINAFDUAMNNUADUIIAI
ANTUBINITUAL IR DRV AAMNUNUADLTIA LLa@dluEﬂﬁ 4.32 LAZATII
A ' ' e a X A & o A o A ~ o A
1 4.20 WU ANBANRIWNDIBLNLILANUBINTIWINTOUNIIUA 20-100 LUBLNBUNY NR 71
Tinwnisue waztdatwutauluwnisuauinnin 100 YU WU ﬁma@é’aa@ao 18
NANTHIANLAY Dh AN ANNLATLA T 30A3N LRZAINLAY Dh 3019 A likw
C A A - “ DA x &
8ABY LELNOWINIMIDITLLLEA Th AVIA WU a3 I Ul wMTUALIINNARAILLE
' A & a & A ~ @ AN
20-100 39U FNTTYZHA Th IAVIANLANYY LUBLNBUNY NR AlaHwnITUA NNANT
NARDULRAILALAWINANTWAYINTUALITNAA AT EZEa 30919 Tasganuananny
@ A A AV ' ° A '
NRNAT IR T nzHa fgmn@@ﬂfnmmvlsm@maumiwaml,a:ﬁrm';maUﬂmm:auag

1419 60-100 F0U
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@N319N 4.20 ﬁ&]ﬂﬁﬂ'}’]&]ﬂ%@iﬂ&idﬁ(ﬂlad PLA LLﬂzWﬂaLNﬂ?rNﬁN PLA/NR I@EILL‘]JT]_]%N”IELL

NR AHNBANTUAGILG 0-240 ToU WINAL 10 wi%

Sample E (MPa) S, (MPa) €, (%) S, (MPa) €, (%)
PLA | 1,638 © 39 | 62.08 2048 | 531 °0.20 | 61.88 © 0.48 | 544  0.19
NRO | 1,309 © 122 | 39.89 © 3.90 | 439 024 | 32.16 © 447 | 7.26 © 1.20
NR20 | 1,378 © 31 | 39.35 © 1.08 | 4.31 © 043 | 28.10 ° 1.16 | 11.98 © 2.98
NR40 | 1,362 © 31 | 39.76 © 1.33 | 4.13 2 0.16 | 26.48 © 0.59 | 13.25 © 3.43
NR60 | 1,355 © 43 | 40.33 © 0.70 | 4.37 © 0.31 | 28.90 © 2.47 [ 10.34 © 2,53
NR80 | 1,430 ©53 | 38.24 © 151 | 3.86 © 0.09 | 22.70  4.66 | 15.84 © 558

NR100 | 1,348 © 31 | 40.37 © 143 | 420 © 026 | 24.44 © 2.95 | 21.38 © 4.59

NR140 | 1,280 © 46 | 40.23 ©1.08 | 4.12 © 0.11 | 2459 © 0.46 | 13.69 © 1.47

NR180 | 1,313 © 24 | 37.90 © 3.04 | 428 025 | 24.65 ° 1.64 | 11.17 © 3.78

NR200 | 1,249 © 40 | 39.10 © 252 | 449 © 032 | 2687 ° 7.16 | 8.76 © 4.13

NR240 | 1,304 © 32 | 40.08 ©1.07 | 441 ° 024 | 2723 ° 527 | 7.46 © 2.17
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5.2.1 HANINAFOUANLAAINATHNIWBADUIINTZUND
NR 813130 AN AN WU LIINTZULNA AL PLA 16 uazt/Sanm NR
= = > A a & ' ' o '
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5.3 DNDNAVDITHAVDILNY

5.3.1 NANNINAFAUANITAAINATUNIRADUIINITZUNN

lunInesauwuy Charpy WUI1 NR, G5 uaz G35 RINITDLANAINY
FUNIUADULTINTEUNALLULINLAZ LUINTad PLA 16 e ENR50 ¥inl#aanue1wn
AaUIINTTLNALUULNNLAL lNUNNTaY PLA 8089 NMNINARBULLL Izod WU1 NR Was G5
Qs 1 1 > Q; =Y v 1 Q. g
10819 TR NRAINIINATAL 1A WORLNTHANTAITNAIUNIBADLIIN TLUNNLN U

N . . - X

NR, ENR25 W&z G5 NlHa1a1nudIwnIudalidnIsunnuuuuInwad PLA LAND% 8%
ENR50 WU71 ¥ l@@a1a01861 s ud a b3 an T nnuuuuintas lu1nwuad PLA 8aad 910
wamimaauagﬂvl,@ﬁ’] NR Uaz G5 13130 NIANNG W RAaLIINTzunnuay PLA a0
di a = a ai AI U 1 wdni 1
Luawmsfmnwumaamwmminqummmumu@ausamumn"lquw WU31 NR
AN T WENTLNN AN UFIUNBAALTINTEUNNIANY PLA 11nAI1 G5
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1 = %

NUAILIIAIVEI PLA 1o

5.3.3 HANIINAFDUANIAAMNAIRNIBADULIIAALAY

NR 8u1IDLANANNA W nAaLIIaaladaad PLA 6 udiialfiy ENR
Lz NR-g-PMMA WU31 NaQA& ANULAK Db 39279 LazIHa 907719 2849 PLA 8083
LBLAN ENR @NLAT Db 90031 LRZANLATEA D q@ﬂﬁﬂvlaiﬁﬁﬂg Wagannwan

& P a £

WWATHEN PLA/ENR da0b5bnaan

5.3.4 N13ATAIUAHIINING
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a ' ¥ ¥ 4 < a &’
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4 a a QI J v
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5.3.5 NANIATIZHB KRN NLANA

A o
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5.3.6 Namsﬁnmmanamamqmﬂwamam
a 6 (= Y- ni [l A v o 3 =
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A a Aa QI é’ 1 dll Aa 1 s A AI J =
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A a X
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5.3.7 HANNIANHIFANLANIANNIAN
Qs v 1 ~Q U et J
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YSunnwasninazaaas T, uaz T, Inmsddvundaaanios wazlddaing T, wadiwas
a = A 1l a o o s =1 a 6
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LWATULLBF N

5.4 WORLNDIHANBWA ternary blends
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Lua*fwaugm 10%NR+5%G35 1RNTulue8suuuLmidaiSondiouiy PLA uas
10%NR #3154 G35 snansatRuanunuldvasnefinasnay PLANR uazdonalyen
mmﬁmmu@iaLLsamzLLwﬂgaifu

5.4.2 HANINAFDUANLAANNWADUTIA

waﬁmﬁwaugm 5%NR+5%G5, 5%NR+5%G35, 10%NR+5%G5 L8y
10%NR+5%G35 IFuaqas ANNLAL h 39ATIN ANUATLA B AATIN UAT AALAL
W 302108089 ntiuszozda w9019 veINaRINETHANTAT 5%NR+5%G35 feuAudu
\dnas Wallssufieuny PLA

5.4.3 HANTINAFOUANLAAMNAIUNIWBABULTIAALA

woRluasWangas 5%NR+5%G35, 10%NR+5%G5 Uz 10%NR+5%G35
fenanudunmudousisaldsmuin pnLiuneRLNDTHANFAT 5%NR+5%G5 flat14Lia
TOURNATITINAING
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10%NR-3 3.43 +0.25 29.29 £ 2.92
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10%G5-3 3.02+0.73 25.40 + 2.91
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Sample E (MPa) S, (MPa) €, (%) S, (MPa) €, (%)
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10%G5-2 | 1,319 © 28 | 3450 © 1.13 | 3.77 © 0.14 | 31.50 © 3.05 | 461 ° 0.79
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50
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w
o

Stress (MPa)
S

0 2

T
4 8 10
Strain (%)

A 9 a a & Aa ' ) o
Eﬂ‘ﬂ 2.1 NTINAMULAB-AULATLAVDINDALNDINEN PLA/NR NUAMUABIGAIINY 1°HLL3\‘1

NARAUIUI® 50 kN

P [N \ = a & Aa \ o @
AT 1N 2.1 RUUAAINUNUADLLIIAIVDINDRNDINTY PLA/NR NUAIMUABIGNNINY 1°ELL§G

NagauIUIa 50 kN

Sample E (MPa) S, (MPa) €, (%) S, (MPa) €, (%)

10%NR (2mm) | 1,309 £ 122 | 39.89 + 3.90 | 4.39 £ 0.24 | 32.16 £ 4.47

7.26 +1.20

10%NR (1mm) | 1,363 + 32

- - 39.57 +1.26 | 4.19+0.13
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(i) AMURWIVBIADENS LYINAD 1 mm
an , = a & & @
suUAANUNBAaLTIAITaInafNasHay 10%NR Waltusiluniimasey
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45
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— 30 — \
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£
»n
(7]
£
N 15 |
o \
1] 1 2 4 5
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Eﬂﬁ 2.2 NTINANULAB-ANULATIAVBINDRINBINEN PLA/NR Lﬁai"fl,lﬁ\‘]‘l’]@ﬁaﬂ 500 N

bes 50 kN

TN 2.2 ANUNUFaLTIRTaInafNasHaNLda s lunTnasay 500 N ez 50 kN

E (MPa) S, (MPa) €, (%) S, (MPa) €, (%)

36.56 + 0.64 | 4.25 +0.15

Sample

10%NR (500 N) | 1,273 + 24 36.21 £ 0.52 | 4.34 £ 0.17

10%NR (50 kN) 1,363 + 32 -

39.57 +1.26 | 4.19+£0.13
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AT WA BUTINTZUNNTBINE RO IHEN PLANR #lu/s1/Su1m NR
AHAUNTUA 100 F0U (NR100) 6133 Ao 10 wi%, 15 wit% Uz 20 wi% 13199 &1 uaz
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& ' Y . sa '
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AN 2.1 ANTWATAIUINIDE NR100 Faguli@nudIwnudanIdInssunnuad PLA

Charpy impact strength (kJ/mZ) Izod impact strength (kJ/mz)
Sample
Notched Un-notched Notched Un-notched
PLA 2.54 + 0.55 19.24 + 5.22 2.85 + 0.66 19.55 + 2.67
10%NR100 571 +£1.39 44.10 £ 5.39 14.70 + 3.33 unbroken
15%NR100 452 +0.24 37.22 + 3.67 11.96 + 1.35 unbroken
20%NR100 448 £ 0.19 36.58 £ 5.24 9.76 + 1.51 unbroken
60
Notched Un-notched
50
44]10
40 37{22 36.58
7%
30 é/

Charpy impact strength (kJ/m?)
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\\\J3
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Notched Izod impact strength (kJ/m?)
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|
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1 1[96
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a@auﬁaﬂimm NR100 LWNUW 8NLIN ﬂ'ﬁz&lzﬁ(ﬂ W 'ﬂ@l”ll'](ﬂ“lla\‘i 10%NR100 LNNVY

o . p o .
Uszanm 4 190 latSeuauny PLA 1da1Su1as NR100 LANYY WU Seazia 99

TIANAR

TN 2.2 IndwavesdIuno NR lua 100 saudasulannunuaalsifeuas PLA

Sample E(MPa) | S, (MPa) e, (%) S, (MPa) €, (%)
PLA 1,638 + 39 | 62.08 + 0.48 | 531+ 0.20 | 61.88+0.48 | 544 +0.19
10%NR100 | 1,348 + 31 | 40.37 +1.43 | 420+ 0.26 | 24.44 +2.95 | 21.38 + 459
15%NR100 | 1,144 +27 | 31.20 + 1.20 | 4.05+0.31 | 22.48 + 1.90 | 9.08 + 3.19
20%NR100 | 1,065 + 22 | 27.74 + 1.49 | 3.91+0.18 | 2452 +2.04 | 4.65+ 0.45

(iif) FUFIWINGVBINORLNDTHEN

wWodluasHay PLANR100 findsiSanos NR 100 ¢34 10 wt%, 15 wt%,

20 w% waaaluglfl 2.3 wud1 welwaiwauiianisusnignia i PLA iduipaianan

uaz NR100 Luipniasas aymavassninszanveteniafisluigninves PLA aynia
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NR100 Jan®mctdunIInas muﬁmﬁumguﬁﬂmamﬁﬂﬂi:mm 0.95 + 0.44 Mm WEa9

- i s 4 ¥ v X
Tua1397 2.3 uaziladSunmaes NR100 1Rnd% awaagmaduwd liulngiduidu 1.00

+ 0.43 Mm uaz 1.28 + 0.68 Mm AYSua NR WA 15 wt% Uaz 20 wi% aN&eL

Lﬁaamﬂagmﬂ NR100 tAaNIIINAIN

AN @3 Lé’fumquﬁnmamﬁwamaﬁmas’wau PLA/NR100 7u1/51/53124 NR100

Sample Average diameter (IMm)
10%NR100 0.95+0.44
15%NR100 1.00 £ 0.43
20%NR100 1.28 £ 0.68

gﬂ'ﬁ' 2.3 A IRINYIVINDRLNDINEN PLA/NR100 WfaudsUSina NR: (a)10%NR100,

(b) 15%NR100 LLaz (c) 20%NR100 Arnasweng 1,000 t¥in
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AMANWIN B

ANUAITINANDALNDIHAN PLA/NR100/NR-g-PMMA

(i) HAMITNAFDUFNLAANNFIUNUABUITINTEWNN

ANMUATUNUABLTINTEUNNVBINOALNDIHEN PLA/NR100/NR-g-PMMA
uga9luanT9N 1.1 WINIHNIINAROUULY Charpy  WUFT A1AINAIWNIBADULT
nszunnludathsnuuunRstwdaiSeuieusy PLA wazluerasnsuunlaiunn wuq
ANANINUNIUADUIINIZUNNVDY 85%PLA+10%NR100+5%G35 (10%NR100+5%G35)
W8z 90%PLA+5%NR100 +5%G35 (5%NR100+5%G35) feniAinds Rasamnnsmagoy
WU Izod luenatnsunun wud welweinaunnarddianudiuniudausanazunn
Audn uar sradrsuuulivinlidnnainisnesey sniTunediuesuay

] v . - &
5%NR100+5%G5 ﬂ’]ﬂ’s’]&]@ﬂuﬂ'}u@laLL‘Nﬂ‘iZLLﬂﬂLW&JfﬁO"U%

TN 1.1 ANUAIUNUABUITINIZUNNVE PLA LazWadluasHas PLA/NR100/NR-g-

PMMA
Charpy impact strength (kJ/mz) Izod impact strength (kJ/mz)
Sample

Notched Un-notched Notched Un-notched
PLA 2.54 + 0.55 19.24 + 5.22 2.85 + 0.66 19.55 + 2.67
5%NR100+5%G5 3.97 £ 0.24 14.45 + 2.44 499 +0.67 | 22.15+ 3.51

5%NR100+5%G35 5.45 + 0.77 30.72 £ 2.94 6.17 £ 0.11 unbroken

10%NR100+5%G5 4.36 + 0.39 14.19 £ 2.95 6.02 + 0.27 unbroken

10%NR100+5%G35 7.61 = 0.60 36.33 £ 3.30 6.15+0.14 unbroken

(i) HANINARDURNUANINNNUGABUIIAT

RNUAAMNNUABUTIANITEY PLA  Uae wadluaINay PLA/NR100/NR-g-
PMMA uaasluasefi 1.2 wudn ANBYAE AWLAU T IAATIN AULALK T IAATIN
ANLATEA T4 9AATIN VaIWBAINBTHANYNMITAIaaas uniiuszozila o 9av1a HA7

o &
S APNNINEY
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a3 7.2 FUURANUNUADLIIRITEI PLA uazwaRiuasay PLA/NR100/NR-g-PMMA

Sample E (MPa) S, (MPa) €, (%) S, (MPa) €, (%)
PLA 1,638 £+ 39 | 62.08 + 048 | 531 +0.20 | 61.88+£048 | 544 +0.19
5%NR100+5%G5 1,313 +40 | 33.36 £+ 1.22 | 3.86+0.12 | 25.86 £+ 1.51 | 8.29 + 1.81
5%NR100+5%G35 | 1,374 +44 | 39.30+1.41 | 417 £0.21 | 27.43+£1.85 | 12.18 £ 2.03
10%NR100+5%G5 | 1,184 £ 38 | 27.93 +0.61 | 3.72+0.14 | 23.12+1.06 | 6.05 + 1.05
10%NR100+5%G35 | 1,235 + 35 | 30.38 + 0.66 | 3.72 + 0.06 | 20.90 + 0.97 | 24.92 + 3.53
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A3 IMINY1VDI PLA

(i) asazanolngdu

1#8991n6a4n138Na NR aanainwafiuasuay NRIENR uaz NR/NR-g-
PMMA LW8@32988UAUKIIRINGT A31U dadtRanavinazanuiuanzay na1dfe @
ATANYBUIZABIFINNINAAY NR  bauaz laiviansfaninussaradns aaviansfiien
ldurn Inadu uazdlanfondinad 3N o1 uraIFAgIWINe1v09 PLA #aINARaLNTT
azanodmolngdwduiae 2 h wod Awmshaes PLA gavhamsauldsuninanasey
o a % o & a A ' A o o =
Fougwinenld @t ansazaolngduds bz fzianlslunsaia NR uaziile

@ a a & A ] o & ' A :

nagaun1sazaealndlasdoudines Amdranuatud 1-6 h usaslugf 4.2 wud

HITNUa9 PLA "L&ig]nﬁ']mﬂ g Jlaviauuaimasasnunzaunazlfiduwaivinazansiine

ana NR luwadiuasuay

3UN .1 Fugnuinenves PLA naanaseumiazanadisngduduiia 2 h Aifdvens

3,000 L¥1n
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(i) nagaumIazansdedlasidoudinas

gﬂ'ﬁ' 7.2 FMgInINEVe9 PLA nasnasaunsazasalndlasfoadmes lasudsiaalu
MINasay: (@) 1 h, (b) 2 h, (c) 3 h, (d) 4 h, (€) 5 h kaz () 6 h NMRIVEEY

1,000 L¥in
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NNANWIN 7Y

S UINLVaINDALNDTHEN PLA/NR-g-PMMA #asannawn1a NR aan
b Q/ o L=
araaIrazatalngdn

UM IWING1VBINORIUDINENTZWINY PLAINR-g-PMMA %838na NR ¢2g

a9

>

'sﬁm:mmiﬂgﬁ'u Eﬂﬁ U1 URAIRIAZIWINEIVBINDRLNATHAN 10%G5 uaz 10%G35
%é’daﬁ'@]ﬁ’sﬂmﬁmﬂunm 2 h Wuin ﬁmﬁwawﬁazmgﬂﬁ’lmmmleimmsnmwaau

g Iwine la

Eﬂﬁ 0.1 FUIIUINBVBINORINBTNEN PLA/NR-g-PMMA 1133715 NR-g-PMMA Lvinny

'
A o

10 wt% wasanadslngduiduiia 2 h: (a) 10%G5 uaz (b) 10%G35 Airad

Pg1g 3,000 L¥iN
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AMARNRKIN §)

U IWINL1VaINDALNDTHEN PLA/ENR ©aIanaaun1a NR aanals

a '3
ilasidandinas

FTA3 U INEVBINDRINOIHAN T0%ENR25 uaz 10%ENR50 WaI&NAG2E

a a [

dpTlanfoudimasiduim 6 h uaaslugdfl .1 wudn 19 10%ENR25 waz 10%ENR50

Aa o

Usngsndanwmdaninenausas NR

()71 6 h

gﬂﬁi 1.1 Augwingvaswafiuasuas PLAENR 7i5unos ENR il 10 wit nasana
dodlasioudinasiduam 6 h: (a) 10%ENR25 uaz (b) 10%ENR50 AIf83

Pg18 10,000 L1
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ABSTRACT: Rubber toughened poly(lactic acid) (PLA)
was prepared by blending with natural rubber (NR)-based
polvmers. The blends contained 10 wt % of rubber and
melt blended with a twin screw extruder. Enhancement of
impact strength of PLA was pdmﬂ' concernced. This
study was focused on the effect of polarity, rubber
viscosity and molecular weight on mechanical mmws
of the blends. Three types of rubbers were : NR,
epoxidized natural rubber (ENR25 and ENRX)), and natu-
ral rubber grafted with poly(methyl methacrylate} (NR-g-
PMMA). Effect of viscosity and molecular weight of NR,
rubber mastication with a two-roll mill was investigated.

It was found that all blends showed higher impact
strength than PLA and NR became the best

agent. Viscosity and moleculir welght of NR decreased
with increasing number of mastication. Impact strength of
PLA/NRMMMMM&[{M: NR mastication
due to appropriate particle size. DMTA and DSC charac-
terization were defermined as well. © 201) Wiley Periodicals,
Inc. | App! Polym Sei D0 (00400, 2011

Key words: biodegradable polymer; epoxidized natusal
rubber; impact resistance: natural rubber; polv{lactic acidi.
renewable resource

INTRODUCTION

Polylactide or polyflactic acid) (PLA) is a well-
known biodegradable polymer. Advantages and dis-
advantages of PLA have been summarized by Rasal
et al' PLA is an eco-friendly and biocompatible bio-
plastic. PLA can be processed by conventional proc-
essing methods such as extrusion, tubular blown
film, injection molding, and thermoforming, One of
the significant drawbacks of PLA is poor toughness.
This limits the applications of PLA in order to
replace the conventional thermoplastics. Toughenh\g
PLA has been reviewed by Anderson et al” There
are many methods for increasing toughness of PLA,
including controlled stereochemistry of PLA, addi-
tion of plasticizers and other polvmers. Rubber
toughened PLA can be classified into two types:
blending  with nonbiodegradable polymers and
blending with biodegradable polymers. Typically,
the impact strength is an indicator of toughness
whereas the elongation at break indicates ductility of
materials. The impact strength of PLA increases

Correspordence to: V. Tanrattanakul (varaporn. t@psu.ac.
th).

Contract grant sponsor: Thailand Research Fund, Prnce
of Songkla University and Higher Education Commission,
Ministry of Education; contract grant number: RMUS3S0013

Journal of Applied Polymer Science, Vol. 000, 000-000 20011)
© 2011 Wiley Perindicals, Inc,

when blending with polycaprolactone, polyurethane,
caprolactone/ trimethyl carbonate copolymer, capro-
lactone/lactide diblock copolymer, poly{butylene ad-
ipate-co-terepthalate), poly(butylenes succinate), and
acrylonitrile-butadiene-styrene terpolymer.' ™ Linear
low-density lene and styrene-ethviene—
butylene-styrene tniblock copolymer can improve
impact strength as well ™!

Natural rubber (NR) is an eco-friendly rubber and
derived from a renewable resource. NR should be a
good toughening agent due to its high molecular
weight and very low glass transition temperature (~
—=70°C). Based on our knowledge, there is littie pub-
lication reporting a polymer blend between PLA and
NR. Considering chemical structure of NR and PLA,
chemical-modified NR may provide more miscibility
than the virgin NR. It has been that the
toughness of the PLA/NR blend was improved by
adding the natural rubber grafted with glycidyl
methacrylate (NR-g-GMA)."* There are many factors
affecting the toughness of the rubber toughened
plastics. For instance, the blends should have high
interfacial adhesion between the plastic matrix and
the dispersed phase (the rubber particles) and the
melt viscosity of both polymers should not be much
different. Furthermore, mechanical properties of all
polymer blends are strongly dependent on blending
method and sample preparation. Although the rub-
ber toughened plastics are not a miscible blend, but
it is required to have low surface tension in the
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blends in order to obtain the appropriate rubber par-
ticle diameter. It is believed that the PLA blended
with polv(methyl methacrylate) could be a miscible
blend."™"* Therefore, using NRg-PMMA as a com-
patibilizer should increase the toughness of the
PLA/NR blend, which was one of our assumptions.
NR-g-PMMA is not a new polymer and it has been
studied for more than 10 years.""™ It also has been
reported that cumene hydroperoxide (CHP)/ tetra-
ethylene pentamine (TEPA) is the most effective re
dox initiator. As a result, this study selected this svs-
tem to synthesize the NR-g-PMMA because the new
method of graft ization was pot the objec-
tive of this study. Another assumption was that the
lower molecular weight of NR should show the
smaller particle diameter in the blend. Basically, NR
is a high molecular weight polymer. Mastication of
NR by using a two-roll mill is a typical method in
order to decrease its molecular weight. Polarity of
rubber should be concerned for the rub-
ber toughened PLA. Consequently, it was interesting
to compare the commercialized epoxidized NR with
NR.

The aims of this study were to determine the effect

impact
Although there are many publications about tough-
ened PLA, but it is difficult to compare among those
results and this study. Because there are several

Jouersad of Applind Podymer Science DOL 10,1002/ app

Finechem) were used for MMA purification and
dehydration processes. CHP (Fluka) and TEPA
(Fluka) were a redox initiator. The 37 wt % potas-
sium laurate aqueous solution acted as a stabilizer
of latex and was from potassium hydrox-
ide (Lab-scan Asia) and lauric acid (QReC3).

NR-g-PMMA copolymerization

NR-¢-PMMA was copolymerized and determined
gnhh;peﬂicim:y according to Kalhlnsutqmu
et al™ Methyl methacrylate was purified by 10%
(w/v) sodium hydroxide aqueous solution, washed
with distilled water until MMA was neutral, and
dehydrated by using anhydrous sodium sulfate. The
mixture containing latex, TEPA, potassium laurate,
and water was stirred for 30 min at 50°C under
nitrogen gas. Then, solution of MMA and CHP was
added drop-wise within 1 h. The mixture was then
left for 2 h. Graft copolymer was coagulated with
W% (w/w) calcium chloride solution, then washed
and dried at 40°C for 48 h. Prior to determine the
grafted PMMA content, PMMA homopolymer and
free NR were eliminated by Soxhlet extraction using
acetone at 60°C for 24 h and petroleum ether at 40'C
for 24 h for extraction of free PMMA and free NR,
respectively. Percentage of grafted PMMA in the
NR-g-PMMA was evaluated by the "H-NMR (Varian
INOVA, 500 Hz) using deuterated chloroform as a
solvent.

Polymer blend preparation

Melt blending was in & twin screw ex-
truder, Prism” TSEI6TC, at 160°C and the screw
speed of 190 rpm. NR was mixed with the antioxi-
dant (1 phr of Wingstay" L) prior to blending with
PLA. The NR-g-PMMA was used as recerved, with-
out extraction of free PMMA and free NR. The
blends consisted of 10 wt *u rubber. Compression
molding was carmied out at 160°C for 9 min to obtain
a 2-mm thick sheet, The blends were kept in a desic-
cator before testing. Rubber mastication was done by
using a two-roll mill. It was controlled by a number
of passing such as 20-240 passes.

Mechanical properties testing

Tensile properties, flexural properties (three-point
bending), and impact resistance were carried out
according to ASTM D412, ASTM D790, and ASTM
D256, respectively. Eight specimens were used for
every sample. Testing speed was 5 mm/min and 13
mm/min for tensile properties and flexural proper-
ties, respectively. Impact strength was investigated
by using v-notched and un-notched specimens. Both
Izod and Charpy test modes were applied.
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Figure 1 "H-NMR spectrum of the NR--PMMA containing 35% grafted PMMA (G35,

Blend characterization

Molecular weight of polymers was determined with
a gel permeation chromatography (SHIMADZU 1LC-
20AD-230V) by using refractive index detector. Three
runs were applied for every sample and reported in
terms of an average value and a standard deviation.
Perkin Elmer"DSC7 was used for measurement of
thermal properties at a heating scan of 10°C/min
from 20'C to 200°C. After the first heating scan the
sample was cooled at a cooling rate of ~100°C/min
and then heated again. DSC thermograms were
recorded from both the first heating scan and the sec-
ond heating scan. The heat of fusion of pure crystal-
line PLLA (AH) is 93 ]/g.*** Dynamic mechanical
thermal analysis was investigated by using Rheomet-
ric Scientific DMTA V under the following condition:
frequent 1 Hz, heating rate 3°C/min, strain control
0.01%, and dual cantilever mode. Mooney viscosity
of NR was examined by using Alpha Technology
Rheometer MV2000. Testing was performed by using
a large rotor at 100°C and the specimen was warmed
for 1 min and tested for 4 min, as called ML(1 + 4).
Scanning electron micrographs were recorded by

specimens were immensed in liquid nitrogen for 4 h
and immediately fractured prior to coating with
gold.

RESULTS AND DISCUSSION

Graft copolymerization

Two different gratted PMMA contents were synthe-
sized, coded as G5 and G35 according to percentage
of grafed PMMA. Figure | represents the "H-NMR
spectrum of the sample (G35) after Soxhlet extrac-
tion of both free NR and free PMMA. The main
characteristic  peaks confirming  the grafting  of
PMMA on NR backbone are 3.5 ppm (OCH; protons
of PMMA} and 51 ppm (C=CH; protons of
NR) ™ Table | shows details of the derived NR-g-
PMMA, determined according to Kalkornsurapra-
nee.’’ It is common to obtain higher free PMMA
(huncsolym) when  using  higher MMA  con-
tent."*' Therefore, G35, containing 35% grafted
PMMA,  showed higher PMMA  homopolymer
during graft copolymerization than G5. Percentage
of conversion and grafting efficiency were high,

using JEOL*JSMSSOOLV and Quanta*400 FEL All  80-90%.

TABLE I
Characteristics of Synthesized NR-g-PMMA

Sample code Conversion (%) Free NR (%) Froe PMMA (%) Grafting efficiency (%) Grafted PMMA (wit %)
() LR 231 n07 N B
G5 LAl b 518 084 o 467

Jowral of Applind Polymer Sciency DOL 10,1002/ app
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TABLE I
Tensile Properties of PLA and the Blends Containing Different NR-Based Rubbers
Sample £ (M) o, (MPa) o (MPa) & (%)
PLA 168 = % 6208 = 048 SIAS = (48 SH =019
10" NR 1 = 12 ¥ -1 2= 71N
1% GS 19 = LR N2 = S 461 = 0N
1 G 1375 = 182 - 2642 = 450 190 = 0w
107 ENR2S 13 = - 1930 = 040 231 = s
10% ENRSO 1360 = 4 - 1780 = 4n0 25 =00
PANR + 5%G5 158 = 26 3848 = 122 HX =19 S40 =084
TANR - 5GB 1331 = 51 B3 =08 Bw =25 LU R R

Effect of chemical modification on mechanical
properties

Tensile properties of the blends containing NR, ENR,
and NR-g-PMMA were compared as shown in Table
1L Obviously, these rubbers decreased the Young's
modulus (E), the yield stress (a,), and the tensile
strength (0,) of PLA. Furthermore, the addition of
NR-g-PMMA and ENR did not improve the elonga-
tion at break of PLA. In general, addition of a soft
polymer, e.g., rubber, into the plastic matrix causes
deterioration in modulus and strength of that blend.
The Young's modulus of the blends containing NR-g-
PMMA and ENR seemed to be higher than that of
PLA/NR blend. This may attributed from the pres-
ence on PMMA and epoxide ring due to their higher
rigidity than the purely flexible chains in NR. The
vield stress of PLA largely when blended
with 107 of NR and G5. No yielding appeared in the
blends containing 10% of G35, ENR25, and ENRS)
and these blends became more brittle than PLA. This
should be due to their rigidity as well The lower
stress ot break in these blendds may relate to their
lower ductility. NR gave higher tensile strength and
ductility than ENR; although ENR should be more
compatible to PLA than NR because ENR is more po-
lar which, theoretically, provides more miscibility
providing smaller particle size of ENR in the blends
[Fig. 2{c)}. G5 and G35 should be used as & compatibil-
izer mather than used as a second polymer in the
blends as demonstrated in Table IL They increased the
vield stress, the tensile strength and the elongation at
break of the blends after adding 5% NR-g-PMMA in
the blends containing 5% NR. This result indicated the
effect of PMMA which agreed with our n
enhancing compatibility of the PLA/NR blend.
Three-point bending was applied to determine
flexural properties of the blends. The addition of
ENR andd NR-g-PMMA reduced flexural properties
of PLA. Flexural modulus, flexural strength, and
flexural strain of these blends were much lower than
PLA (Table 1lI). In contrast, the blend consisted of
NR did not break under the same testing condition,
indicating higher flexibility.

Jowrnal of Applied Polymmer Scunce DOR 10,0002/ app

notched specimen because the v-shaped notch gener-
ates high stress concentration. Table IV
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TOUGHNESS ENHANCEMENT QF POLY(LACTIC ACID)

(h)

Figure 2 SEM micrographs of freeze frsctured surfaces
of the blends: (o) 10% NR, (b) 10% NR@I"'MMA (G35),
and (¢) 1% ENR25

but the higher content (G35) was suitable for compa
tibilization as displayed in the PLA/NR/G35 blend
It should be noted that the PLA/NR/G3S blend had
less NR content than the binary blend (PLA/NR)
The results of impact test agreed with both test
results described earlier. NR became the best tough-

ening agent compared with NR-g-PMMA and ENR.
At this stage, it ts not so clear as to the exact cause
for the observed highest mechanical properties from
NR. This result was unique because polarity of rub.
ber did not play an important role in mechanical
properties of the blends, Molecular weight of these
rubbers was determined and revealed in Table V. It
was  shown that chemical modification of NR
decreases its molecular weight and the more modifi
cation the more reduction in molecular weight, It
may be expected that higher molecular weight of
NR attributes to higher mechanical properties of the
blends, This hypothesis did not colncide with the
results in the following section. Another key factor
should be considered which was diameter of rubber
particles in the blends (Table V). All blends dis
played relatively spherical rubber particles (Fig. 2).
In the binary blends, the average particle diameter
of NR was largest {250 um), whereas NR-g-PMMA
and ENR showed submicron size. The smaller size
of thi chemical-modified NR indicated higher misci-
bility than virgin NR. However, the lower molecular
welght of these rubbers might affect the particle size
as well because of lower viscosity. It was assumed
that particle size of NR-g-PMMA and ENR is too
small for acting as a good toughening agent, More-
over, NR-¢-PMMA and ENR have more structural
rigidity than NR

Effect of rubber mastication on mechanical
propertics

The effect of mastication of NR on tensile properties
shows in Figure 3. Compared with the un-masti.
cated NR, the Young's modulus slightly increased
when number of mastication was 20-100 passes,
then the value slightly dropped when increased
number of mastication. Mastication of NR insignifi-
cantly affected on the vield stress but tended to
decrease the tensile strength of the blends, The
advantage of rubber mastication appeared in the
elongation at break which mcreased as increasing
number  of from 20 to 100. Further
increase of the number of mastication decreased this

mashication

TABLE 1Nl
Flexural Properties of PLA and the Blends Containing
Different NR-Based Rubbers Tested at a Speed of 1.3

mm/min
Samplo L (M) s IMTa) & (")

I'"LA 79 = W WM £ 541 442 082
1S NR Unbroken

s G5 Yi56 = W 5200+ O 240 204
1 GBS 62 = 158 125+ 43 A
10" ENR25 2584 = Ul 220 = 150 A7 = (046
1P ENRSO 25 = 1l 2040 + AS) 0X3 & 010

Joiernal of Appdied Pohamer Seieree DOF 101002/ app
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TABLE IV
Impact Strength and Particle Diameter of the Blends Containing Different NR-Based Rubbers

Lzod impact stremgth (kf/m’)

Charpy impact strength (k}/m’) Aveings puticie

Sample Un-notched Notched Un-notched Notched Diameter (pm)

PLA 1955 = 267 2685 = 066 1924 = 522 254 = (055 -

10 NR Unbroken 036+ 036 .16+ 5% 429 © 054 2530 * 116
10% G5 Unbroken 546 T (45 2487 * 393 367 * 061 025 = 017
105 G35 042 = 299 235 = 077 239 =558 349 = (080 008 = 002
10" ENR25 79 175 34 * 036 2310 * hb? 255 * (88 045 003
104 ENR50 918 = 300 2.26 = 066 1257 = 1.3 117 = 0.19 hid = 0N
5% NR - 5% G5 1629 £ 333 378 £ 048 1319 + 305 172 £ 063 123 £ 082
5% NR = 5% G35 2921 + 408 541 + 085 2633 + 341 40 =045 .10 = 006

property but it still higher than that of PLA. Practi-
cally, the number of mastication between 60 and 100
seemed to be mast appropriate for improvement ten-
sile properties by increasing tensile toughness of the
PLA/NR blend. Moreover, rubber mastication gave
better tensile properties of the blends than rubber
modification.

High flexibility of the PLA/NR blends has been
observed from three-point bending test. All samples
did not break during testing even though the testing
speed increased to 15 mm /min.

Rubber mastication significantly increased the
impact strength of the blends (Fig. 4). All un-
notched Tzod specimens did not break, and the
notched lzod specimens showed the enhanced
impact strength, ie, 50%, from 6.36 to 9.77 kJ /oy,
The suitable number of mastication for fzod impact
strength was 80-180. The Charpy impact strength
increased with increasing the number of rubber mas-
tication from 20 to 180, The optimal number of mas-
tication was 80-180, similarly to the 1zod test results,
Beyond 180 passes, the Charpy impact resistance
decreased.

As stated previously, viscosity and particle diame-
ter are the key factors in the rubber toughened plas-
tics. Certainly, chain scission of NR molecules occurs
during mastication due to applied stress. Figure 5
shows molecular weight disteibution of NR before
and after mastication. Normally, molecular weight
of NR is bimodal. It revealed that the higher molec-
ular weight part was destroyed and the average

TABLE V
Maolecular Weight of the Different Rubbers Used

Rubber M, (g/mol) M, (g/mol)
NR 1 485,000 + 32,000 2702000 = 42000
G5 230,000 + 5000 849,000 = 30,000
G35 157,000 = 12,000 HIS000 = 5000
ENR23 P00 = 4200 FEO000 = 12,000
ENR) IS0+ 15,600 558,000 < 11000

Average value = standard deviation.
Joncrmal of Apied Polymser Scaence DOE 10,1002/ app

molecular weight moved toward to the lower part.
Molecular weight and Mooney viscosity of NR
decreased with increasing number of mastication

(=)

.tz s Bk

Young's modulus (MPa)

PLA 0 20 40 60 80 100 140 180 200 240
No. of mastication

g 2

]

Stress at yield (MPa)
g &

PLA 0 20 40 60 S0 100 140 180 200 240
No. of mastication

(<)

Stress at hreak (MPa)
888388 2

FLA 0 20 40 b %0 100 140 180 200 240
No. of masticution

Figure 3 Effect of rubber mastication on the tensile proj
ertics of the PLA/NR blends (3) Young's modulus, (b}
vield stress, (c) stress at break, and (d) elongation at break,
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PLA 0 20 40 & %0 100 140 1IN0 200
No, of mastication

Effect of rubber mastication on the impact
strength of the PLA/NR blends: (a) Teod testing and (b)
Charpy testing,

(Table VI). These attributed to reduction i NR par-
ticle size in the blends (Table VI). It is noticeable
that NR particles reduced from 2.50 to 0,62 ym after
mastication at 180 Lower particle diameter,
eg., 056 and 047 pm, was not favorable for impact
resistance of the PLA/NR blend. The optimal NR
diameter should be ~ 0.5-1.0 pm.

Blend characterization

The objectives of these experiments wene to investi-
gate miscibility of the blends whether changes in the
glass transition temperature (7.} occurring or not
and observe the effect of rubber on thermal proper-

MLW. (%)
e 8 & & 8

Figure 5 Effect of rubber mastication on the molecular
weight of NR.

ties of PLA. Transition behavior of the blends was
evaluated by DMTA and DSC. Figure 6 shows tan §
of PLA and the blends and transition temperatures
are listed in Table VIL The NR-140 was NR masti-
cated at 140 passes. All blends revealed two transi-
tion temperatures in the temperature range of
A0-140°C. The lower temperature represents T, of
PLA. The higher transition temperature, assigned as
Tys, did not appear in PLA [Fig. 6(c)}. Unfortunately,
this study was unable to characterize the unvulcan-
ized rubber under this condition. T, of PLA changed
insignificantly after blending with these rubbers,
This result substantisted a characteristic of an im-
miscible blend in these blends, The lower surface
tension in the blends containing ENR and NR-g-
PMMA as confirmed by very small particle diameter
seemed to not relate to T, At the present time, it is
unable 1o explain the effect of the second transition
temperature (T;,) because its existence was not
relevant to mechanical properties, particularly the
impact strength.

DSC thermograms of PLA and the blends are
demonstrated m Figure 7 and thermal properties are
listed in Table VIIL Thermal history dominated
degree of crystallinity and melting temperature of
PLA. Crystallization of LA significantly decreased

TABLE VI
Characteristics of Masticated NR
No. of mastication M, {g/mol) M, (g/mol) ML « 4} at 100°C Average diameter (i)
0 LASSO00 = 32000 2,702,000 = 42,00 62 250 = 116
20 1,200,000 = 30,800 2169000 = 31,000 .57 188 = 094
0 GO2000 = 24000 168000 = 3,600 476 176 = (163
() 235000 < P00 05,000 = &500 .2 148 = (et
50 20000 = 14,000 SISON0 = 900 MM 128 =04
100 202,000 £ 5000 468000 = 1000 2635 095 = 0.
140 189000 = 1500 389,300 = X0 17.20 086 = 04
180 176,000 + 2700 343400 = 4400 1182 062 = 041
200 168000 = 1400 19400 = 500 10359 0136 = 049
240 158000 = 3800 7L000 = 3500 685 047 =028

Jouernal of Apptind Polymer Science DOV 10,3002/ app
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TABLE VilI
Thermal Transition Temperature of FLA and the Blends Obtained from the First Heating Scan of DSC
Sample M Ta (O T.10 AH, AH, Xy %) Xz (™
PLA pellet 89 - 1513 = 6 26 25
PLA sheet 8 - W - 137 147 17
107 NR a7 083 1843, 1822 2B4s x%7 12 318
107 NR-140 40 WS s 1452, 1303 n2 266 a7 b T
107 ENR2S N4 1065 143, 1517 25 23 o2 NT
10% ENKSD a4 130 142 1510 23 n7 37 B2
10%.G3 Sap 00 188, 1513 07 319 a3 B3
10 G35 87 1008 30,108 2 n2 o e

Xey = [(AH,, - AH) x 100)/93 and X = [AH,, x 100}/93.

new crystallization in the sample during heating.
For that reason, PLA in the blends became amaor-
phous due to fittle degree of crystallinity (X <
4%). The amorphous PLA showing cold crystalliza-
tion and melting peak has been reported by Degir-
menbasi et al™ as well. In the second heating scan,
PLA pellet and PLA sheet became amorphous, no
melting peak was observed in the pellet, whereas
the sheet showad 2% of aystallinity. The blends
exhibited T, at higher temperature, eg., 124-128°C
and one single melting peak. PLA in the blends was
amorphous due to little degree of arystallinity (<
1%).

Anather aspect on crystallization should be con-
cemed, neglecting the onginal crystallization con-
cept. The apparent crystallinity (X)) was deter-
mined, regardless the duration of crystallization. In
this point of view, all blends showed higher degree
of crystallinity {Xco) as shown in Table VIIL This
behavior was noticed in the second heating <can
which did not show here. Without rubber, PLA did
not show cold crystallization resulting in Jower

CONCLUSIONS

Rubber mastication method was more effective than
chemical maodification method in order to rase the

Hent Flow Endo Up (Wit

oA S W NI I e I 2N
Temperature (°C)

Figure § Typical DSC thermograms recoeded from the
first heating scan of the blend contaming 10% NR

toughness of PLA in this study. NR seemed to be
the best toughening agent than ENR and NR-g-
PMMA and the masticated NR was better than the
virgin NR. This indicated that molecular weight and
viscosity of rubber plaved a major role in the me
chanical properties and morphology of the blends.
The appropriate particle diameter was very impor-
tant and perhaps more important than rubber polar-
ity. The tiny particles of ENR and NR¢-PMMA in
the blends designated higher miscibility to PLA than
virgin NR. But these particles may be too small to
promote toughening and they were also more struc-
tural nigidity than NR.
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Mechanical Properties of Poly(lactic acid) Blended with Natural Rubber
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Abstract

The objective of this study is 1o investigate the effect of NR, NR grafied with poly(methyl methacrylate) (NR-g-
PMMA) and epoxidized NR (ENR25 and ENRS() on mechanical properties of PLA. The PLA/rubber blends were
prepared by using a twin screw extruder and compression molded to obtain & sheet. The blends consisted of 10%
rubber. STR3CV60 NR was used directly and grafted with PMMA. NR-g-PMMA was synthesized by using 2 mole
ratios between NR and MMA (95:5 and 60:40). Impact resistance, tensile properties and flexural propertics were
determined. Because the twin screw extruder is )
very small (234 cm length and 156 mm Table 1 Effect of rubber on impact strength of PLA

diameter), it was necessary to melt blending Sample Code Charoy impsct strength (k)As
twice in order to obsam homogeneity, The ’m‘ i k. )
residence time of cach extrusion was 50 sec, Notched Un-notched
therefore, twice extrusion should not generate PLA 254 +0.55 1924 +£522
thermal degradation of the blends, It is found 10% NR 47264054 30.16 = 5.90
that NR and NR-g-PMMA increased impact . -

copolymer with higher PMMA (NR-g- | 10% NR-g-PMMA(40) 349 £0.80 2239+583
Prvﬂ%@ﬂ)) shtz:'od slighgly llcwr Pimpw 10% ENR25 2554088 23.10 % 6.67
strength  than one with lower PMMA T = -
content (NR-g-PMMA(S)). ENR25 improved 10% ENRS0 1.17=0.19 12.01 £1.94

only the un-noiched specimens. ENRSO .
decreased impact strength of PLA. Because of  Table 2 Effect of number of extrusion on impact streagth of the
the small size of the extruder, the first blending _blends

was undesirable due to the large NR particles Sample Code impact o

were noticeable by eyes. The third extrusion o Y
{#3) caused a decrease in the impact strength Notched Un-notched
(Table 2), Tensile propertics and flexural PLA 254=055 1924522
properties of PLA decreased after blending 10%NR 42 4292054 30.16 4 5.90

with rubbers. except the elongation at break

mereased slightly when blending with NR, i TSI b e
SEM mlcfographs showed NR and ENR2S 10% NR-S-PMN{A -2 367=0061 2487+593
particles having the average diameter ~2.50 pm | 10% NR-g-PMMA #3 3.02=0.73 2540291

and ~1 pm, respectively whereas no rubber
particles were observed in the blends containing
ENR50 and NR-g-PMMA (Fig. 1).

(a) (b) (¢} (d)

Figure 1 SEM micrographs of the blends : (a) 10%NR , (b) 10% ENR2S, (c) 10% ENRS50 and (d) 10%NR-g-PMMA{40)

Keywords: Poly(lactic acid), Natural rubber, Biodegradable polymer, Renewable resources, Polymer blends
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NATURAL RUBBER - TOUGHENED POLY(LACTIC ACID):
EFFECT OF RUBBER MASTICATION
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Bioplastic Research Unit, Department of Matenials Science and Technology,
Faculty of Science, Prince of Songkla University, Songkla, 90112, Thailand
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Introduction

Poly(lactic acid) (PLA) is well known as one of biodegradable polyesters. PLA is a glassy polymer
that has low elongation at break (<10%]); therefore, many plasticizers have been added to improve this
property. Many non-biodegradable and biodegradable polymers have been blended with PLA [1].
Another drawback of PLA is its relatively low toughness, Commercial toughening agents for PLA
include Biomax”, Blendex®338, and Pellethane™2102-75A. Toughness or impact strength of PLA
increased when blended via reactive blending with PCL, PHAs (Nodax®), PBAT, PBS, poly(para-
dioxanone) and poly(propylene carbonate) [1]. Anderson e al. have been reviewed toughening PLA
[2]. Impact strength of PLA also increased by blending with ABS [3] and poly(ethylene-glycidyl
methacrylate) [4], Recently, natural rubber (NR) and the chemical modified NR such as ENR and NR-
g-PMMA have been used as a toughening agent of PLA [5]. The objective of this work is to
investigate the effect of physical modification of NR, by mastication, on impact strength of PLA.

Experimental

PLA used was Ingeo® 2002D produced by Natureworks LLC. A rubber block, STR5 CV60 NR, was
produced in Thailand. NR was masticated by using a two-roll mill before blending with PLA in a twin
screw extruder at 160°C. The blends contained 90 wt% PLA and 10 wt% NR, Compression molding
was carried out at 160 °C for 9 min to obtain a 2 mm-thick sheet, Impact testing was carried out
according to ASTM D256 and 8 specimens were used for every testing. Tetrahydrofuran was used as
a mobile phase for gel permeation chromatography technique.

Results and Discussion

Rubber mastication was determined by the number of mastication in the two-rall mill which is the
total rounds of rubber passing through the rollers. It is known that mastication of NR causes chain
degradation due to the applied stress during passing the rollers. Rubber mastication is applied to NR
processing in order to decrease NR viscosity at the appropriate level. Theoretically, viscosity of both
polymers is one of the key factors for miscibility or compatibility of polymer blends. Previous work
[5] has shown that NR is a good toughening agent for PLA and the virgin NR provides higher impact
strength than ENR and NR-g-PMMA. The present work showed that rubber mastication is a useful
technique to improve toughness of the PLA/NR blend. Impact strength of the blend increased with
increasing number of mastication (Table 1). Obviously, there was significant difference between
Charpy and Izod test modes, The Charpy impact strength was lower than the Izod one. This is not
unexpected because it has been established earlier [6,7]. Due to the limitation of the equipment, the 4
] size of the hammer cannot break the un-notched 1zod specimens. The Charpy results seemed to be
more useful and showed the same trend in both notched and un-notched specimens. The maximum
Charpy impact strength was derived at the mastication of 180 rounds whereas the notched Izod impact
strength was highest at 100 rounds, The freeze fractured surface of the blends was observed by using
a scanning electron microscope to determine NR particle size. It was found that the average diameter
of NR particles in the blends decreased with increasing number of mastication (Table 1), The NR
particle diameter before mastication was 2.50 pm and the diameter became lower than | pm after
number of mastication = 100. This was attributed from the reduction of molecular weight and
viscosity (Table 2). Generally, NR shows very high molecular weight and viscosity, Shear and tensile
stresses were generated in NR during mastication causing molecular chain scission and, then,
lowering viscosity, In practice, the droplet break up process of the dispersed phase in the blends
oceurs more easily when its viscosity decreases, Therefore, the diameter of NR particles decreased
with decreasing viscosity. The lower Charpy and Izod impact strength when the number of
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mi ion > 200 may be due to the too low molecular weight of NR which was lacking ~©
" ; ‘

Conclusion

NR was a good toughening agent, particularly the masticated NR. Mastication decreased molecular
weight and viscosity of NR, resulting 1o decrease rubber particle size in the blends, The present study
displayed that rubber mastication was a useful technique to enhance toughness of the PLA/NR blends.

The optimal number of mastication was 180 and 100 for the Charpy and Izod impact strength,
respectively. It seems that the cffective rubber particle diameter in the blends should be in a sub-

micron scale,

Table 1 Impact resistance and average diameter of NR particles of the 90PLA/10NR blends
No. of Charpy impact strength (kJ/m) | Izod impact strength (kJ/m’) | Diameter
Mastication Notched Un-notched Notched Un-notched (pm)
PLA 2002D 2541055 19.24+522 2852066 1955+ 2467 -
0 4294054 3016590 | 636£036 250%1.16
20 4434036 3500396 6.75£143 1.88£0.94
40 451050 41914535 | 7.13£136 1.76 £ 0.63
60 469+054 4251+958 755+£133 148 £0.61
80 538110 4386404 974+£2.19 1.28+£0.54
unbroken
100 5.71£1.39 4410+£539 | 147333 095+ 044
140 589+£1,19 4450+ 476 958+097 0.86+£0.74
180 652113 459527.05 977+£097 0621041
200 457018 4048%6.15 647048 0.56 £049
240 4394046 29.17£2.80 | 7.39+£082 0471028
Table 2 Molecular weight and Mooney Viscosity of the 90PLA/IONR blends
No of M, (g/mol) M,, (g/mol) MM, Mooney Viscosity
Mastication (ML(1+4) @ 100°C)
0 1,485,000 £ 32,000 | 2,702,000 + 42000 | 1.82 £ 0.03 56.62
20 1,200,000 = 30,800 | 2,169,000 31,000 | 1.81£0.02 50.57
40 992,000 £ 24,000 | 1,668,000+3600 | 1.68 £0.02 44.76
60 225,000 £ 7,000 705,000 £ 6,500 | 3.13£0.12 41.82
80 210,000 £ 14,000 338.000£9400 | 256+0.12 3434
100 202,000 £ 5,000 468,000 £ 1,000 | 2321 0.06 26.35
140 189,000 + 1,500 389300 £ 3,000 | 2.06 £ 0.00 17.20
180 176,000 + 2,700 343400+ 4400 | 195£0.04 11.82
200 168,000 + 1,400 319400 £ 5000 | 1.90+0.02 10.59
240 158,000 £ 3,800 271,000+ 4500 | 1.72+£0.01 6.88
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