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ABSTRACT

Poly(lactic acid) (PLA) is a biodegradable plastic with high tensile strength. However, it has high
brittleness and low impact strength behavior which limit its applications. The blends of natural rubber (NR) with
it was excellent elastic property has been expected to enhance the impact strength of PLA. However, the
polarity difference of these constituents leads the incompatibility resulting in poor mechanical properties of
PLA/NR blends. Thus, the chemical modification of NR to increase its polarity is required. This research aimed
to synthesize NR-graft-PLA (NR-PLA) as a compatibilizer for PLA/NR blends. There were 2 steps to prepare
NR-PLA compatibilizer. Firstly, NR was functionalized by various maleic anhydride (MAH) contents (5-20 phr)
to produce NR-MAH having higher polarity than NR. Then, NR-MAH was grafted with PLA via esterification
using 4-dimethylaminopyridine (DMAP) as a catalyst. This was observed that the increase in the MAH contents
increased the amount of grafted MAH in the NR-MAH which was used as grafting sites for grafting PLA to
produce NR-PLA. The effects of the DMAP content, NR/PLA wt ratio, and reaction time and reaction
temperature in the esterification step on the %grafting PLA were investigated. To consider the mechanical
properties of PLA/NR blends, the results indicated that the impact strength of PLA/NR/NR-PLA blends at a wt
ratio of 80/20/5 increased to 62.7 J/m, which was higher than that of pure PLA (28.8 J/m). The investigation of
bio-degradation of PLA/NR/NR-PLA blends via hydrolysis andenzyme proteinase K was also reported.

Keyword: Polylactic acid; natural rubber; Biodegradable
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16 (compatibilizer) ﬁaﬁmwuém”zylumnﬁwmwmﬂmﬁaLﬁ ganuluwigniansw Tagrildansssuanudinin
laaunidulawedinas nIansndlawadiuas (graft copolymer) L% WadiNasHaNvaInasLandnuadanulana
SwasvaseiaulafiaazGiaa (ethylene-co-vinyl acetate, EVA) (PLA/EVA) [8] WaRLUBIHRNTBINDALAAAN

wadanulawadinasveswadianaulnaddaiuniasian (Poly(ethylene-glycidyl methacrylate), EGMA)



(PLA/EGMA) [9] uazwadiaainauvasnaduaninuadanuinaslunaizdnnadlaalunndmanaduaning
(thermoplastic polyolefin elastomer-graft-polylactide, TPO-PLA) (PLA/TPO-PLA) [10]
<nvﬁﬁ'mf:ﬁaﬁLLmﬁﬂlumsﬂ%'uﬂ‘gaauu”ammL‘U‘mmmwaﬁuaﬂﬁmmﬁ'ﬁmﬁslmiﬁwwaal,l,aﬂﬁml,ac’ﬁﬂm
NRUALBNITTTNTNALaelTen95330& (natural rubber) nTWddIewaduandnuadaiduasaSuanudnule
Lﬁaaﬁnﬂmaﬁ‘mmalﬂm‘“@qﬁuﬁmmmNﬁ@]"L@Tmesﬂszzmﬁ fanvadudaalawas (elastomer) 18
ANNEANEH SethazaRuanusNsalunsitusanszunnldiuneuaninueda msnsmalewasiwals
L ETUUIBNITIINTI RS BN e R LanfnuaFaaziSuduannisnnauadnuainuanlalasd (maleic
anhydride) R9UKENITITUTIAABUUEITINYILaFNaIAIATY (esterification) NUWaRLaAGNLETA [10] 819
srsumanWdTenasuandnuadeiialfidumnasuanudinwldlunefiue Snauszniniee TN A uas
WaRUARGNLATA Lﬁiaﬂ%'uﬂgaauu“@ﬁwummﬂummiaLmnszl,mﬂ"uaawaﬁuaﬂﬁmmﬂ’ﬁﬂlﬁqaﬁu LRSLANAIY

AR A IERININORUAARNKETARRZ LI TITUTNG
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1.2 1aq1lszd9a
=3 a 6 a 6 v a a a d' L% a v s a
ANPINITFILAINTALIITITNTNANIINATI o WaAuanANwaTaLNa LT T a1 T e N AN UL be b Wa R

' a a a a 4 v a { v, v ' J
LBSHRUIZNININDALAAANLOTALAZNITTTUTIALN alvsw aRLNESH E‘T&lﬁ‘l@l FONMUA UM UADUIINIZUNNNIND T

= a a o d' d' ¥
1.3 YIE]H{]LL%'JﬂﬂSl%ﬂ']TJT\)EI LAasHNRIIWNLNEIVDI

13489910 1ATIRTIIVI8ITITNT ALl uwa RN aIN U261 vinlwladauitansulasassnunadnandn

@
a

A A a { v o v a o ' a a A a a
wadadadunafiwesninr lavildiiansugnigniaszninanedusndinuadauazenssssumanialunefiwas
NEN[7] FINaTN IARNUALITINavaINaANaTNaNTAaasad ANNTTIURILNIFTINTGRINITANTEN e las
MINTINGLawaRiue S oTualsuaualNasNaY) 1w s adnuawlalasd [11] wiaweRuiiaiunasias [12]
& A A v o a A A & a a &
udu walglumsiduanaSuanudhnula lunsudamaslunara@ndmalawas 15w MInaanadiues
NENTERINENTTINT ARz WeR Raaaa 13a[13] WaduNaun1asian [14] nIawads ba3u[15]

a (4 ad da o o & a ed) A & val & &
MWL&E]ﬂLLE]%VLﬁvL@'E@Lﬂuﬁ'ﬁu“ﬂ'}ﬂuﬂN%WNWI"Iﬂuﬂ’]'ﬁﬂiUﬁﬂ']W"Il’]“IlE]OWE]E‘]LNE]SY]VLNNT'JEL%Nﬁﬂ’]WﬂI’JEz{l“IJ%

cda & a

Waldlunswaunuwafwasnitiaiadn 9 111 Abacha uaz Fellahi[16]AnsmInwdlanafinasuaduia
dnuanlalasduunadinsaian (PP-g-MAH) taldiduansiaSuanuitnnulevi liamansonaunafnsamauny
val a & ' A A A Aa & a &

Tuaaus(nylon 6) ladu1ndsliu nuanisnaasdnuItMaivUSI pwaansaRaunWdNadnuanlalase
T NN AV LA L NITHIIN O ALV T HANTERININORNTANAWLAL LAY 6 LATLNNFNUANITNUG BKTI
NITUNNVBINARLNATHININN 3.5 LUU6.5 ﬁiaga/miwLumuaﬂmnﬁﬂ'@wud']ﬁmiﬁnmmnﬁmmwm"’waa
mamsumﬁimmmmﬂﬁﬁaﬂmLaﬁml,auvlavl,m@ﬂlugﬂmeaqmsa:mm [11] LAUULNRDNNEN (Melt
.. kg di . . a v v a 6
mixing) faeLAIaINaNwuLTa (internal mixer) [17] 8ndy lagnInTNG luuuasazasazldszaumnue

A ' a Aaa Aa o A &
Uszunmh 90% BIgININUULARDUHEN natnmaiedjisenanalanefiwa lsituvasuadnuanlalasaun

maﬁsiumﬁua@ﬂﬁ@ﬁgﬂﬁ 1.1



N c—cC
- / N
H.C H — initiator / toluene / N wH C CH™M
N/ 2 5 2
Cc—=cC + A
/ N o o o
~wH C CH v
2 2 g 0o %o
NR-MAH

51U 1.1 nalnmaifiandlanadwe lnatuseswisdnuenlalasdunessssumaluszuuasseas [11]

Mndsefirunfanuneeutan i mMImumMudeusInIzuNNUaINe Ausnanuaadedennes
0.46 vj@-ﬂauﬁ/‘f:'a 3] El,ﬁgd‘*fmhumwauﬁ'uwa§ma§%m%ﬁw wu lawadiwes uaznnwdlanafinay laund
waRlasnaNvasnaduandnuadanulanadiuasvasiafi du-la-hiaazFiaa ethylene-co-vinyl acetate, EVA)
(PLA/EVA) [7] Wadiuasuauvadnaduandnuadanulanadivasvainadiofianlnadaatuniaiiag
(poly(ethylene-glycidyl methacrylate), EGMA) (PLA/EGMA) [9] uazwadluasnanaainafLandnuadanuinas
Tuwana@nwadlaia@u (thermoplastic polyolefin, TPO) NI A aWadLanlng (TPO-graft-polylactide, TPO-
PLA)(PLA/TPO-PLA) [10]

IMNNWITBVEI Ho UazAms [10] ANHIMILANAMUNUMUADUIINITUNNTEINALanAnLaTalanTh
TPO AT HENTLN aau,aﬂaﬂLLa%@ﬁﬁmgaagaﬂdwmumﬂ% TPO-PLA copolymer lumsiduansiaSuainy
WK le lae TPO-PLA copolymer a131501@38% ldlasn1insang TPO drpntadnueawlalasanan il
dunreanasfiatununeduandnuadalasldlainfae: Tlulwsdu (4-(N,N-dimethylamino)pyridine,
DMAP) ludatsad §Asenfinndla’lWd (nucleophilic catalyst) iitavilifansnmudlanafinasuas TPO uas
WOALARANLETA I@]Elﬂavl,ﬂﬂ’lil,ﬁ@]ﬂﬁﬁ%iﬂLL&@GI%E‘]_]‘ﬁI 1.2 MNHANMINARDINLINFIWIIONWANaRUSA ING
Tagrunszuanmiidalalasdvosunadnldidunadnsa Wenasousutnionalagtiwefwasnandn

1au i dua s 83un U N Al THRANE AL BT HENVDINBALAA INANULNaI I NaIgGNWaR LataAwln

eaa

BATNEIUVBINORNOINIING/NORWAA ING/ANDI LUNIFANNAR LaLa AnN2.5/80/20laetinvitin TWnEaN i N 4

a a5, A

‘iﬁ‘ﬂﬁ‘ﬂwﬂl’]'iz U T ‘ﬂ@‘ll’](ﬂ

q

fszeciia m 92719 (elongation at break)L‘V]’m‘U’I82%‘UGN1ﬂﬂ’J’]W§JNLLaﬂVL'Y]@U
STEK) 6%mem'nmmlamegaqwaawaamawama@muaUm']waml,aﬂmﬂmemunuﬂaa@mnm.mu

nzthaaa Lu 30.1 wwnzdhaana

a Functionalization of TRO with Maleic Anhydride
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b Esterification of TPO-MAH with PLA
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TPO-PLA

gﬂﬁ 1.2 NA INMIFILATIZA TPO-PLA copolymer [10]



aoiwilasaufioy TPO AusnessTumasziuindulasaiilalasanfuauguin Usznoutudanuiselu
aﬁmﬁuam‘tﬁlﬁuﬁmamwmﬁmmsnmwﬂﬁﬁaslml,aﬁmmuvl,avl,mﬁvlﬁﬂ%gﬂmeaamsa:mmmmuumau
waw [17] Briliihngundalumsdaudslasseiaessvsrmdihuwnnvdlanefwae laatudioainiadn
waulalardiielfidudunislunsl fAseeanasfiatuiuneiuaadnuedalunniasnisssna
nAdeenafuaAdnLada Gﬁaaﬂ‘ﬁlﬂumil,a%umwLﬁwn“uvlsi”l,mzmiﬂ%'uﬂgaawﬂ“ﬁmm@i”mmmial,m

NN AN LN RN SHANYBILNITITNTALaz WaRuaAAnLaTada b laanatnNanadinastiabunsasiasnegs

YNTTINTIANTINAII I WO RLAAANWATATINITOLALDAI LLﬁ@dIuEﬂﬁ 1.3

H.C H Q
3 \C:C/ /&‘ H3C\ R /H
/ N o AT
“H,C CHAm CH ~H_C CHM
3 - 2 l
N C,H—CH2000H
I
o O o N c=o0
N |
NR-MAH HC CH, 6]
CH,—CH
]
70
o]
~—" NR-PLA
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= 6 Aaa
GRELGEY qﬂﬂ‘sm LLasIdNIINAadI

21 @nednislunwise

®  WaRLAAGNLATa (polylactic acid, PLA) LNIa 4043D Natureworks LLC

® 51953INTNG (natural rubber, NR) 1n3a STR-5L USHN A la duaans dna

e adnuanlalasd(maleic anhydride, MAH) Ln3aSialandAldrich

o uuladadaseanlad (benzoyl peroxide, BPO) 1n3a3LalahQREC Chemical

o s (lawfaaziilu)lnwsau(d-(Dimethylamino)pyridine, DMAP) Ln3@3LalauaAldrich
® Ingdu(toluene) Ln3A3Lalaud QREC Chemical

o lnduulaasanlad (sodium hydroxide) Ln3@3taland QREC Chemical

o lwunadoulaasend(potassium hydroxide) Ln3A3L81a%e QREC Chemical

® LN uaa(methanol) INIA3LOLAUA QREC Chemical

® Lanwaa (ethanol) INIA3LOLAUG QREC Chemical

® wuSauaanadas (benzyl alcohol) LNIA3LELAKESigma-Aldrich

o mIazanenialalaaaalsdinWinwes (Tris-HCI buffer) 1nIASLaLa%G Sigma-Aldrich
o Laulmilds@ioaia (enzyme proteinase K from Tritirachium album)Sigma-Aldrich

o lamdzuialad(sodium azide) 1n3aSialanud Sigma-Aldrich

2.2 DA RWINWIY
o '3 a ¢ A A I3
2.21 n15dILAIIER NR-MAH 1azn133tas1zil3anas MAH finsawé@uw NR

W NR5ﬂ%’Mﬁa:awluIﬂ§5u1oo fiasans (0.74 Tua3) svinwdlawo e lsiotuiy MAH #
AMULTUTUAN G (5 10 15 Waz 20 saudatilonns 100 dm (part per hundred part of rubber, phr) L&z
THuulodaatoanlad 1 0.3 phidudasisud A5 (initiator) ﬁqmﬁgﬁ 80 pIFLTALTYR w1n 2
219 NENIRLAN BTN ANTINGAI8 MAH (NR-MAH) 7 ldananaznanluenmueaudravlduion
40 asen LT uRINAa A I lau1InUSu 00 MAH fins W e e (grafted MAH) T4 NR-MAH @28n15
Ininsalasin NR-MAH 3anae 1 niu azanolulngdutoo Jaddas wazldein 0.2 dadsaniielalaslad
(hydrolyze) #3in3a ud1391 lUTWANS (reflux) wu 2 d2lug niuinasazaneilaun lnmnsany
ssacaelnunadonlaasenlad o.025uefilaluiumuaaiuudanaanasas (@aan 1/9 lasdSunas)

wazld 1% Auormanlwamuosdududiameas [11] Usunos MAH inTWd el NR-MAH sansavnla

MANNIN1
(Vo — VN
Grafted MAH (wt%) = 0 T 98X 100% 1)
2w
e N = anududusasansazans lnunadoylaatenlod (wosua)



v, = Usnasmedlwunadonlaasenlodildlunisinmse MAHlulng
a A &

AuNTUSU AN UAUN M IwnIINTINGNY NR lunisaaiasey

NR-MAH (813)

V, = Ysunasvaslwunsdonlaasonladildlunislnmsa NR-MAH(

807)

INBNaIA81INR-MAH (N33)

=
]

2.2.2 N383LAI1EH NR-PLA wazn19tasisanos PLA fins a6 NR-MAH

e Iazans NR-MAH Ala3ouannnislgSunas MAH 15 phr (370 2.2.1) annmwdiu PLA lu
saaIulaginninuas NR-MAH/PLA = 1/2 duidjiAseesaasfatu lagld DMAP 0.2 Tua1s 71

AN 140 a9FLTALTEE WK 16 Talad lasvinnisasuulasdrudsasda luUs

q U

* 5N mMAH finTWFunenissTnmale NR-MAH(Wt%): 1.63 2.26 2.66L8% 3.68%
33012 DMAP (Iuan3): 0 0.05 0.10 0.20 0.40uaz 0.80

e samaulagrinniinuas NR-MAH/PLA: 1.0/0.5 1.0/1.0 1.0/2.0 1.0/3.0 1.0/4.0uaz 1.0/5.0
'qm%n“ﬁ (@9FLTaLToR): 120 130 140 Waz 150

e (Talag): 8 12 16 20 uay 24

lasgsazany NR-PLA Iuiwaﬁuﬁ'lﬁgﬂﬁwms:mm”’;ﬁwa:mﬂluﬁ@@ﬂi’muuﬁa Dottt
J2AUMINIINAPLA (grafted PLA) dRginafianisanasan(Soxlet extraction)lasldlmaonlaasanlodly
winues (Imasnloasenloddutu 0.625 Taslumy) sumMIN2usainmImwImszaumInsINaPLA lu
NR-PLA

W
Grafted PLA (Wt%) = _after w400 (2)
Woefore
o Wi Woter = #NIUN289 NR-PLA NaLaznadnIIsnasanausay

2.2.3m5w1dSu A

Wnansazans NR-MAH #ldannds 2.2.1 m@ﬂmﬂaulmamuaauﬁ’muiﬁuﬁa'ﬁ'qmﬂgﬁ 40896
warTus nswU3unaaals NR-MAH enuanasg i ASTM D-3616 lagld NR-MAH USanas 0.4 n3u
wtlugunsatiniaalanldlngdu100 Gadfandudrviezais i IS uAd e 20 $alasannsin
aaaIazapliNNeT 25 HaAnnT ’Ldﬁmaxgﬁl,ﬁﬂmhmu 3y LLﬁaﬁﬂﬂszmm@”zﬁm:mmuuﬁﬂuﬁ@@

AIMIUINRENAIN IINIUIINAN LANIAIWI YT DR IRAILFAI IURUNNITNIWAE 4



C—B
Gel content (Wt%) = X100 (4)

C
Wa A = dnnnuidvaslaa (sol) ATzreaIrinazaouna? (ny)
B = RENNIR AU lTaNLRS (W)

= MNRNVaIAIaLNNININaaY (NIN)

2.2.4 nM3iganlaseasanisiadizas NR-MAH uaz NR-PLA

2.2.4.1 waninuwannnasiansu-Wisasnsudnasiduisisasdalnsalall (Attenuated
total reflection — Fourier transform infrared spectroscopy, ATR-FTIR)
Fagrag19U5uIm 10 fadnsu vinnanasaulasin3as ATR-FTIR f%a Perkin Eimer Bl

Spectrum One luB19A2108170AW 515 — 4,000 LTWALNAT ' SIUIUNITFUNY BATUNK ‘ﬂmgfu

(resolution) 71 4 LIUALUAT" NgasnDiIrag

2.2.4.2 lilsaaninadssuanwanatlalasalnil ("H-Nuclear magnetic spectroscopy, 'H-NMR)
< o 1l A o o & 1a Aa a et o e A
T3a0819NiNNsFLeNzAYS o 10 Badniu dnnazasluaazansluaaalsnasud
(Chloroform-d, CDCI,) d3zannk 20 Talus rauanazaudisLaIas'H-NMR 8%a Varian 31 INOVA
FwumIauny 32 aunuIlagtui 4 wudues’ Ngunpiivas

wa 1 a 3
2.2.5 MINAFADUANUAATI ¢) VDINDALNDINAN

2.2.5.1 MILASUNNOALNDIHAN
Ifiaasuanaunslu (intemal mixer) 34 HAAKE Polydrive lag NR waz NR-MAH Aazian
HEUITHIHNNTUA (mastication) druaannil 120 asmLTalTuauIL 3 Wi dewianaunULde
PLA w8z NR-PLA muqmﬁﬁmu@ﬁqm%nﬁ 190 24ANTALTUR AINNLSITAVS80 JOL/UIN WU 8
a A & A a 9 ' v & o < o X 9 A € Y
wIN waaLaJawaummsﬂm:mumiu@1%LﬂuLmanﬂNﬂaumuwugﬂmmmwuwuuua@

(compression mold) NAMNA 190 BIEWTATLF w14 20 W
2.2.5.2 MINAFDUINLATING

" AANBNIRABUTIAIIFALAT Iz U Ea th 9ADIA
@T@LLt\iuwa’ﬁLua{wam‘hﬂm%iaw‘fmmﬁnmgmwmigm ASTM D635 type 1 A21UE1LNI50

faRuAT NUNNARELANMUNUIIHABLIIRIRI8LAT09 Universal Testing Machine (UTM) fia

Shimadzu §% DSS-10T fnu51 10 Sanwasuwi ﬁ'qmwgﬁ 25 IFLTATEE laaNa§aL 5

A1at19ae 1 gml,ﬁammmﬁﬂ



B AANUNIBADRIINIZUNN
AAUHUWRLNDTHANAIULATIAALALTEIANNINIZIN ASTM D256 type IzodNAFALAIE
\A389 Impact Ceastresilimpactor sR8fa%UWIA 1 I9NANLT 3.46 LUATAWT 4Ju 105 846

gounail 25 DIFNLTATOR LAUNAFOL 5 AI081968 1 qml,ﬁ'ammmﬁﬂ

[~4

T anauae
aaLaLTasLHuWaRNaSNENTILASUN b6 AaLduTuuauN1asgIn ASTM D2240 Nagal
@18LA3849 Shore hardness tester Instronﬁqmv\nﬁ 25 IALTALTUR NAFAULTING 5 9068

TUIU 1 qml,ﬁammﬁﬂ
2.2.5.3 NMINAFDUANLALBIANNIDW

. qmﬁgﬁmsmgﬂuammﬂﬁmu,f’f'a (glass transition temperature, T,)
L@SuNAIBENINERINBIHNEN 10 HafnTN aﬂua:gﬁl,ﬁwLquLLﬁaﬁwmiﬁﬂWﬁmﬁas a7
#ININAFOUG EJLﬂ%ia{l differential scanning calorimeter (DSC) f‘llﬁa Netzsch ﬁ:u 204 F1
Phoenixz149 a4l -50 14300 a9fLTaL Ty a é’mwﬁﬂumnﬁuqmwnﬂﬁ 10 29ALTALTOR/
wimeldussenmealulasiau
. qmwgﬁmiamﬂﬁ'ﬁ (degradation temperature)
l@SpuaredIwaRnaTHan10 Saansuasluunadivuny ¥nInaseudiiaIes
Thermogravimetricmeterﬁﬁa PerkinEImeﬁ;uPyris diamond TG/DTA @iﬂl’@ia‘lm%ﬁﬁ 40 - 1,000

DIFLTALTER é’@mﬁﬂum‘nﬁuqm%nﬂﬁ 10 aseralgar/An noldussonmalulasian

2254 d31WIN P1VDITOYWANT LAV INNIITNAFDLAIMNNBNIBADUITINIZHNA

PNTUAIBENHIUNITNARBUNTNUNIUGBLITINTzuNNNNBIc e losarTunun 24

7134 AINIAANUBTUNBILAR DI WAIRUAIAIBNBIHIHLATEY sputter coater 7% Blazer
' ) = [ [ a [ 1 £ 6

SCD040 ﬂaummﬂﬂmaﬂwm:mmmgﬂm‘nmﬂuaasammﬂmaamamﬂ@sﬂaaaﬁ;ammu
1ANAYDUUUUFBINTIA (scanning electron microscope, SEM-EDS) &#a JEOL 1 JSM-6400 Uaz

Link ISIS Series 300 NaMx 812081 1010 1ATL0AT ANNE1IANE 15 Alaliad wazrinmItuinmnw

nle
2255 NINAFDUNIIAAIUAIVDINDALNDIHEN

" gsaatgaanganlalilsfiaaa
a ' a & a ° ' Aa
LATUNLN BN LN OTNANTIWIA 2.0x0.5%0.1 LTUALNAT BIN LTI uRaaanaaaIng
IazananIalalasaas lsauninesUsunes 2.5 Tafaas NAAN pH = 8.6 NV MINENLaW ksl
ls@iema uazladoaialodainiazo. 58a8n30 dmasanasausludriniuguaunnin 34
a ° A & < A A A °

psemadus vnnawdsussazanoiewlainn 24 $alus ihaasdszinimwmisrinuses
LW b @28H1INALAZHINIRGIDUINA Lm:v‘iﬂﬁuﬁﬂuﬁauﬁqmﬂgﬁ 4009ANLTRLT Y &

indnnIsagavasnafinasianamuTad i aldannaunInsg



Weight loss (%) = —— | X100 (5)
Wy

Wa W, W, =  1rinueInefiueiHaunawuasnaiinnmasasmusay (nsa)

" msaangaialelinsunlalaslada

LATUULHUNO AL D THRN VA 2.0%0.5%0.1 Lrndiuas Hauslunsaanasesfdiingm
ﬂ%mmzﬁﬁaﬁﬁmﬂmaa@“n@aadmLLﬁiudwamuquqmﬁgﬁﬁ 58 p9FNLTALTURAI0ENINLAY
gnﬁﬁmﬁwﬁwﬁwnﬁu Lm:ﬁﬂﬁuﬁaluﬁauﬁqmmgﬁ 40 asraLdumiminnssaneIves

waﬁma?waummmﬁwmmvl,ﬁmﬂaumiﬁ 5



unn 3

HNa Llﬂg"% Lﬂs']zﬁﬂﬂﬂ']iﬂﬂaad
31 miﬁga‘lﬂmoa%‘mmm gusIINTIANINaaraNtadnuanlalasaraznadnanfnuasa

M3buaulATIRTINAATveI8N95TINTIR (NR) nTndeaaadnuantalasa(maleic anhydride, MAH)
(NR-MAH)  uazsdsssum@navddiowaduandnueda(PLA)  (NR-PLA)  dasinafiadiuinaudvesu
dunisasdalnsalnd (Attenuated total reflection — Fourier transform infrared spectroscopy, ATR-FTIR) LL&@3
lugﬁ 3.1 AvonsidnaInaed NR (gﬂﬁ 3.17) wudwﬁé’muwﬂmﬁﬁnmm 2,851-2,960 T3 BuAaaNINTAU
wuuiadiuaIng C=C TulassasINRIBdaLfinuny NR-MAH (gﬂﬁ' 3.1ﬂ)LLa"Jﬁﬂmma’wmﬁwamy; c=C #
funiadgaiuiiauni udludiuues NR-MAH ifuﬁé’ngnpmﬁﬁ@mﬂmiﬁmmuﬁm‘ﬁmamg A3uadia
(C=0 stretching) Pduns 1,782 uaz 1,849 . L‘ﬁuL‘lTﬁms'fiaLLamﬁaminﬁWﬁmamyj MAH U% NR 239
T AsINUAUNaTuUay  NR-PLA wudwé’tgfywmﬁ@hmei,wamyj'ﬂﬁuaﬁaﬁ 1,748 wu. Gunieutuiy
sunasiuas PLA fiwuludunsis 1,738 o (qu 3.1n) MNMINTING PLA Ula983719 NR-MAH LazsIny

Qs 1 iﬂ' { d Q/ { v Qs Qs
SN MIUTIANEINARNA1,000 — 1,500 o, Feflanwaianuasonfnusidnasuues PLA [10-11]

Sudunansiensilasaioflaan ATRIR domafialuseenfiinedsfunnumdnaalasalnd (H-
Nuclear magnetic spectroscopy, 'H-NMR) ai931) 3.2 suilnasuvas PLA (31U 3.2 ) ﬂi’]ﬂgﬂ'ﬂmaaﬁ 1.56 (a) LA
5.14 (a’) ppm YDILUNAUALLUNIN WAL TN D UY DI methyl and methyne protons Rl [18] gﬂ 3.29 ULFAINA
fl 512 (b), 2.09 (b) uaz 1.68 (b") ppm vaslatafulusaven wisullsansen wszwnfislysaauvassn

FISNTG ANEAU [19] tia¥MINTIWNG MAH Atawiaany G297 1Anusssua&du NR-MAH @301w 3.2

W) . W
1738 em! —

() /\f\/\/.

L) | 2851-2960 cm!

(ﬂ) 1849 (:In’lJ

1782 et —) /\/_\/
1748 em!—

4000 3500 3000 2500 2000 1500 1000 500

311 3.1 maudSsuifisuyiSeinudwefuBunaemdnaiivas(n) PLA (1) NR () NR-MAH uaz(3)NR-PLA
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CDCL,

b” b

CDCL, b ||

I ) lL....Jt-_.__A S

=

(%I—CHECOOH d
¢=0

d™cH,—cH d

(|:=0 d,

O
~}—0 NR-PLA

CDCL, d d™

JUl

T T T T T T

45 40 35 30 25 20 15 10 05 0.0
ical shifted (ppm)

80 75 7.0 65 6.0 55 5.0
chem

317 3.2 madSeuisuldsmeuiliedosunniudnaidaasuuas (n) PLA (1) NR (A) NR-MAH uaz (3) NR-PLA
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3.20 WNURAVDI —CH BaaLufindulusasanil 3.49 ppm (¢') Fsanarnasuenlalasduas MAH [20] uazidari
M35 NG NR-MAH @28 PLA rsauannstasiaasiiatilaiin NR-PLA (31 3.29) Uswngﬁ'ﬂ‘ﬁ' 5.17 (d') uae
1.59 (d””) ppm NLUNNlUTATaN Laziufialdsasawainmsnnd PLA Aevasuninuldsasaule NR-
PLA 2zin191080191n PLA \§niawan 5.14 10w 5.17 Lﬁaammnimaqamaamaﬁﬁumﬁﬁl,ﬂumﬂsﬁm”nlu

Tasss

3.2 N1389LAT1ZHA NR-MAHLAZNSINALIA

MBS o MAH fivimsnawdun NR azviminesaslagiindSanm MAH filglunmsnandusn
NR 71 5 10 15 ua=20 phrlagldiuuladaiasoanlas (benzoyl peroxide, BPO) Usunm 0.3 phr 1iluda3i5u
UA3e1 (initiator) ﬁqnmn“ﬁ 80 AL aaLEoE w1n 2 Talad Na289U58m MAH @a3z6aUn1INI N MAH
(grafted MAH) waztSanaaaal NR-MAH e luan 397 3.1 wuimaAnysInm MAH vlissaunsnine
MAH D NR-MAH 1isd%a1n 1.63 - 3.68% laptimin iiasanidunisifius/Sann MAH Tumsviy fasennu
Imaqa NR 8nanan1snaaastinuinnisiinysunos MAH uulassareaas NR neldtiataasgiounnle

]
' =

NR-MAH t{aifisuny NR N1Taanisudn waadinseuuninisle MAH waz BPO fiab@iAian15i3anu319bu

ada a

v g 4 = ot 1 QI a '
lassassnnduwdianlSoufisunuensssamndndiasifiss 11.7%  wdnsdndiunm MAH luszuuinade
a A ad X a & w A o v 9 a ' o v A
USunowasitnadwdigaiantos lag NR-MAH Nssiaanzilaarnmsls MAH dSanmdns g nulddidSaonmes
11 NR-MAH w19 72 - 75% mavinvasd3unaiaativnanmadindionm MAH ludfasen Anelvifa free

. o 8 va & & o s a a L o
radicles ‘Yﬂl’ﬁLﬂ(ﬂ"ﬂ‘].l'J%ﬂ'ﬁﬂi’]W@]ﬂEJ']\TS'J@]Li'Ju’]ﬂJ']‘ﬁﬁﬂ'ﬁLﬂ(ﬂL"i]ﬂ‘ﬂll']ﬂ?.lu@]'}]ﬂ [11,17]

1919131 NavadLsunos MAH lumsia3as NR-MAH dal5un graftedMAH waznsiiataals NR-MAH

Sample MAH content (phr) Grafted MAH content (wt%) Gel (%)

NR - - 11.7 £1.39

NR-MAH* 5 1.63 72.3 +1.31
10 2.26 75.1 £0.25
15 2.66 74.1 £0.66
20 3.68 71.9 £1.08

*mzfile: BPO =0.3phr, T=80 asAalfo, t =2 T2l

3.3 N1389LA31ZHA NR-PLA

MIANENTIUANFINAGDNINTING PLA U1 NR-MAH 3z¥innsnaaadlasdnniznand (central condition)
fiUSu1ae MAH 15 phr G3l#5200 graftedMAH 11 NR-MAH 1inAu 2.66 wit% lassiniin Usunm 4-(lawfiaas
flu)IwS@u (4-(Dimethylamino)pyridine, DMAP) 1utu 0.2 Tuansaasnaiulasinninuad NR-MAH/PLA

Winny 1/2 ﬁqmﬁgﬁ 140 9IFNTALTLE W% 14 T 139
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80

60

Grafted PLA (wt%:)
&
1

D T T T
1 2 3 4 5

Grafted MAH content in NR-MAH (wt%)

317 3.3 YSuaminsWd MAH lu NR-MAH Ainadonsnawe NR-PLA

L aR TN MIIANLS U WS AU grafted MAH Unlassa$1s NR-MAH @832 Un13n3 N6 PLA (grafted
PLA) Iugﬂ‘ﬁ' 3.3 wuhmadudiunm MAH Tulassadnenes NR-MAH umafindunidlunmsring §isen
LOALADSALATUIY PLA annin 59vnlidis=ey graftedPLA Lﬁ'uqafu TagnsiAnySanos grafted MAH 1 NR-
MAH 911 1.63 - 3.68% lagtiwin ¥nlwdseau graftedPLA tANAWINN 27.5 - 46.4% lagsiiwin

dmiuiadndug iinadeszay grafted PLA T NR-PLA usaslugufl 3.4 lap3ufl 3.4nusainazadnis

'
a e '

WaBaTEIBlaginninuaIPLANR-MAH daseaugraftedPLAlY NR-PLA WU TANYSH1 04 PLAINR-MAH

Z =

daud 0.5/1 £9 5.0/1 Tapsimein lefszau grafted PLA Tuging 51.1 — 20.7% laggasdas NR-MAH/PLA 74 1/1
Tagviniin vlwldszdugrafted PLA gaq@ﬁ 51.1% titesanidumain PLA Tumavhu§Asennums MAH Tu
NR-MAH u@luzi29 1.0/1.0 — 1.0/5.0 WuinmItRuU5u o4 PLA aasze grafted PLA tW31z#3 MAH Tu NR §
Usinasrialumsyinu §sondsinlsiszdugratted PLA anasaunsfilufiga

mMIAnUTuNmaL391 §ASENDMAP Ainaidudn 0-0.8 luanidesdugraftedPLA lulasaashs NR-
PLA WU 31EDMAP g uturinny 0.05 lua3lWszaugrafted PLA goq@‘ﬁ 68.3%NaUIZANRIDEN
nasudafinanududuses DMAP 1#i0.2 - 0.8 Tua$ tilesann DMAP aansavhldiAansassdivas
lassasraluana PLA ﬁ'qmﬂgﬁaﬁa m3ld PLA lutSinaiiannisvinldszaugrafted PLA 7ildfidnanas [20] ud
Useemao3NiaTuIzning PLA nU NR-MAH f lisansatia laisununin lWl9DMAP ueaissdjisen
sausasluzuil 3.4

WeRasandasuduszoznmildlumsvil §A5edoue 6-24 $2la9daszu grafted PLA TUNR-PLA
ssusadlugd 34anuimsifinnalumsvind §Asenluzasusni 816 $alus viliszdunisnawdPLA A
NR-MAH Lfiaidwa1n 24.5% 1w 36.7% fauaziSuainlugag 12 - 24uaasinszoziaailtlunisnawdaz
fINadaIzaLgrafted PLA Tugousniingin

31Jﬁ' 3.44 mewamaaqmwgﬁﬁiﬂuﬁg’jﬁ%mLaama'%ﬂLﬂﬁ'uluﬁaa 120-160 89ALTALTURGDIZAY

' A

grafted PLA TUNR-PLA wuigmngifinaatnsfitbidydaszaugratted PLA Tulasias1INR-PLA launisiia
al 1 = &) = 3 v =) a aa' lé/

gonndluz19120 asenaaifosliidu 140aseionFus il NR-PLA 3zaugrafted PLA RNA13N 8.33%

\u 33.0% douarasarlugrsamnnd 150 — 160 avaoaifos thasannisldamnndganzdioan steric

' a A Lo 0 v a &
effect)3zW113 PLA L2 NR—MAHLLﬂzL‘WNﬂ’]iLﬂEﬂﬂuvl,Vl’Zl"Ilaﬁﬁﬁﬂi“ﬁﬂﬂi%ix(ﬂ‘ﬂgrafted PLA Wl [21]

13



80 80

M) (2)

[+1]
(=]
|
o
(=]

1

Grafted PLA (wit%)
3 S
1 1
Grafted PLA (wt%)
5
1

ra
(=]
1

0 T T T T T 0 q
0 1 2 3 4 & 6 0

T T T T
02 04 06 08 1
NR-MAH /PLA wt ratio DMAP concentration (M)

(@) ()

Grafted PLA (wt%)
5 8
1 1

Grafted PLA (wi%)
5 8

M
o
1

0 T T T T T T 0 T T T T T

4 g8 12 16 20 24 28 110 120 130 140 150 160 170
Time (h) Temperature {°C)
31U 3.4 wave9aIuLIA9 9 HadaszaUgrafted PLA lu NR-PLA: (n) 8asnsiulanin@inuaINR/PLA ()

USuos DMAP (a) nanfilglunsrid §isen uaz (9) gamniinlglunisvi §ism

3.4 ANVABINAVDINDALNDIHNAN
3.4.1 HaYaJ NR uaz NR-MAH fadalaizenazad PLA

AnwNauaINR Uaz NR-MAH(3z@Lgrafted MAH = 2.66% lagsiniin)daautiaidonavas PLALag' ]

LANRIILRINANT NN MANR-PLA WU 88 PLA JUSH a9 ItRuySuas NR 1 3 5 7 waz 10% lag

% P

WNHNV9 PLA V‘iﬂﬁmmwumwiaLLsaﬁaf,;(\aqﬂmaawaﬁmaswauw"[ﬁﬁLLmIﬁfua@aa (gﬂﬁ 3.5n)

. d | & a

a ' % o 4 ad 4
Lua\‘i%’]nﬂquLL@]ﬂ@l’]\jmaGIﬂidaﬁ']\‘iﬂ']GIuLaﬂqai:‘ﬁ?’]\‘i PLA ndnua1suanaasidlwl has NR %GL‘]J%

]

o '
a a

weanhanlalasasuan (aliphatic hydrocarbon) ilsifen mstAnLSINos NR Satdumstnaala
ﬂ”tmﬂﬁl,ﬁ@mnmm”gmﬂﬂumwaﬁLuai“ﬂgaaaqmﬁ@mﬂﬂfuﬁﬂﬁmmwwumu@iaLLiaﬁqgaq@ﬁmﬁfaﬂm
udlunsdifild NR $142% 10% Tagsinniinues PLA wuiwedafnauilediszozia o Q@mmﬁui‘fu Tu
FIUDIANUNHNIHABLTINTZUNNTBINO R LU SHFN NI WAL oS Nau A AT A Lwa TSN as NR 1t
dasananududsalawesves NR 'ﬁ'ﬁmmﬁmmjuﬁaﬁaUm::mmmﬁm:ﬁwia%umuvlﬁﬁ [7] (;nJ“?i'

3.5%)
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70 50
&100/3 £100/5 0100/10 E100/3 @100/5 0100/10

i / / ™ |a 1 @)
- i £40 1
[ =
£ 2
—_ =11
£ 40 - 530 .
£ 7
% 30 1 B0 -
2
w20 - £
5 310 4

10 - N

0 0

PLA PLA
15 100
@100/3 ©100/5 0100/10 (@) @100/3 4 @100/5 0100/10
& 80 7
910
2 %sn .
Q c
5 =
[ T 40 1
5%
w
20 -
0 0 ..', .
PLA PLA PLA/NR PLA/NR-MAH

3111 3.5 Ha89 NR Uaz NR-MAH daruti@ianaved PLA:(N) m‘mummiamqﬁagaam (1) ANUNUNI

GOUTINTZUNN (A) Szezda 0279 WAz (39) AL

a3 ufigunaa9n1Inas NR-MAH A1 PLA iUS8navinnunt NR(# 3 5 7 uas 10% lag
iniin) Wit asuulasassutididanaiuwi lduaduadenunisnay NR A PLA udddnns
NUNMUABLIIAIFIFA uazAzzia o g@mmﬁa@mmﬂﬂd’] NR Lilas91nar1aniiaas NR-MAH
¥ NN NR ldmanszanaaaluwigniaues PLA VL@“"L&]@Lﬂummqwaaauﬂaﬁaﬂaﬁﬁaﬂad ﬂsﬁﬂgﬂﬁﬁ
leafunulasnuiduuad Nakason, Saiwaree et al., 2006 aait MItRua9USuas MAH 11 NR-MAH a2
Lf]umil,‘ﬁluﬁ’] shear viscosity a2 Moony viscosity 183 NR-MAH Lﬁaammnﬂﬁlﬁﬂé’umﬁ%m wazniy
L%ammas:%’i’m‘[mda%aﬁﬁmgwaﬂwLaqa NR-MAH fienifindu [17] srudnansudoasmaiiveinasy
WUMTEY NR waz NR-MAH fsnndutisananuudaues PLA teatintias nanlagsiuudada nns

L@N NR 18z NR-PLA W&UNU PLA I@]U@]idﬁﬂlﬁ/ﬁ&lﬂ’aL%{maﬂlﬂd PLA da88d LLNZ%&j“ﬁ’JUﬂ@]ﬂ’J’]&JLﬂS’]:TBO
PLA

@ a o 1 wa A a
3.4.2 Na2a2d NR-PLA LLaz NR-MAH fl%n”n‘s!,ﬂum‘smmﬂ'nuLﬂ"m%vlﬁ'maauumLmnamaawaama‘f

HW&dN PLA/NR

3U7 3.6 uFeIHAVBIUTNITA NR-PLA (320U grafted PLA = 36.7% lagsinn) waz NR-MAH (32@u
grafted MAH = 2.66% lagsiinin) Altiduasiasuanudinuladeantfifinavasnadinasuaa
PLA/NR
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©80/20 ®80/20/1 ©@80/20/3 0OBO/20/5 D80/20 ®=m80/20/1 =@80/20/3 ©B80/20/5
60 B 124
Fso - g )
=3 %
> [}
- [=
% 30 £
2 2
220 o
10
ol MM [ 0 MWWzl 0 W B o ]
PLA PLA/NR PLA/NR/NR-PLA PLA PLA/NR PLA/NR/NR-MAH  PLA/NR/NR-PLA
80 100 TEgo/0 w020/ @023 ma0j20/5
080/20 ®80/20/1 @80f20/3 ©80/20/5 .
70 4 {_
80 -
£90 1
=50 - —}
g : 60 -
240 1 % . £
W A ]
o 277 1 T 40 A
530 1 e j:::
5 20 - fifi
B 2 {
10 1 :f:f :
0 ;= & 0 | B B
PLA PLA/NR PLA/NR/NR-MAH  PLA/NR/NR-PLA PLA PLA/NR PLA/NR/NR-MAH  PLA/NR/NR-PLA

31 3.6 Wav83 NR- PLA LAz NR- MAH Aliduasiasuanuitnuwladosu A inavaInefN oSNy
PLA/NR (80/20 Tagisinnsin): (n) miwmiamaﬁagaq@ @) 720z8a 90919 (A) ANUNUNIUGAD

WINNITUNN WA (V) ANNUTI

80/20Tantinein) TasldUSunm NR-PLA #30 NR-MAH lud3unmuvinnu 6 0.5 1.0 3.0 uaz 5.0% lag
Wit wudnmsiRuUsunas NR-PLA daNa@iamnﬂﬁmuﬂao@hmiwudaLmﬁ@gaq@ Jeuziio o 39910
wazdranuudsRssintesdafisununesiwafnan ey NR-PLA §aud1anununisdausinszunnd
AR dwid ol futSan o NR-PLA wazddninduatnstaaniitsunos NR-PLA Wiy 3% lassiminlaswa
SuafuaufladannununuaausInszunnvinny 61.9 IB/NAT Gaflednunnnin PLA (29.9 38/009) \a
WIsusunuNTLaN NR-MAH wuiwawﬁ'@mswmﬁaLLiuﬁ@gaqﬂ Jeuziia o 0T AIANUNUNIUGADI
nyzunn wazawuds Senlndlndifssnunefiuaiuay PLANR tHaRa130nna09326 L grafted PLA 1u
NR-PLA doauiialianavosnadiwasnanasuaasluasnof 3.2 wuins=eu grafted PLA lu NR-PLA LRR4%
I&lagmaRnySu1m MAH 9 nuamsnaasswuindald MAH 5- 20 phr vinlsiisze grafted PLA agluzg
27.5 — 46.4% Lilo¥n NR-PLA fiils2@u grafted PLA fiuanansnuunldlunadinasuay PLANR (80/20 lay

9N 1% 1% lastinin wuinmsiRaszalgrafted PLA nadeautiaidanaiiasidaniias
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A13191 3.2 WAVBITEAU grafted PLA daautaidinatadwafiNasnan PLAINR/NR-PLA(80/20/11a ¢

ﬁmﬁfﬂ)
Sample Grafted PLA Tensile strength Elongation Izod impact Hardness
(Wt%) (MPa) at break (%) strength (J/m) (shore B)
PLA/NR/NR-PLA* 275 23.3 5.7 56.5 76.8
32.3 229 5.1 55.9 824
36.7 26.8 7.5 54.3 80.6
46.4 22.8 6.5 56.0 81.2

A=Al MAH = U536 MAH 5-20phr a1udneil, NR-MAH/PLA = 1/2 Tagsinwiin, DMAP=0.2 Tuans, T=14089r a1 i s

.t =16 T2l

3.5 é‘fmg’m%mrmaaias.lu,mnﬁvlﬁmnmswmaanmwnum‘u@iau,ianiumn

JUN 3.7uRAIATHIIRINGNT29708UANT LHINNINARDLAINNUNIUGBLIINIZUNNVEY PLA UAZ

wadlNasHaN NR/PLA (8a7&3% 80/20lassinvitin) 7 bailAuuazifin NR-PLA (grafted PLA =36.7% U3untw 1
¥ a a 6 ] v v fa & ' A ] <

uaz 5% lasihwinuaswefiweinan) G9ldanndasansseidiinasenuundesnie Aasangy 3.7n Gadu

dl v 1 a Qf < s = 1
J0UUANT LA INMINARBLAMANUNIUGUTINTZUNNTEI PLA UTgnTaziiusanenizsanuaniioy uas hifiveu

v =T a d 3 . a a9 1 a

204L§U723e Jaududnvocveinafweinanuudsdnzarunafiwaiuay PLANR 71lildn NR-PLA (31
3.79) azwuigmaiimaizes PLA uwigaianandiu NR dansmziduilanaunsinaufnganalaagng

AABUBAY PLA tHasannanalaidnnuuasnafinasnized Lazanumen1aNaTainaailasnas PLANR a2

v
v

lifidususwdoany PLA Tudiuzasgy 3.7a uaz3d.79 meé’mg’m’“mmmaaiammﬂﬁvl,ﬁa'mmimaamm
nIzuNNUBINEALNETHEY PLANR/NR-PLA S3WLNI1I106232"I199n1A 1049 PLA LAz NR-PLA mduiile
donnuwuasliidunsenautaawmniion NR Unie PLA (Eﬂ‘ﬁ' 3.79) uazdanumemInszanasafiaduioiy
USunos NR-PLA 911 1% 1w 5% Tagsiminsanrisansmenisanaveinefiuainasy NR-PLA fugaifonany

= dl J = J [ a
L‘Iﬂ%ﬂ’)ﬂ&ﬂﬂ“ﬂ%LLﬂtNﬂ’ﬂll“lli;‘llix&l’]ﬂ“llulﬂiuﬂu
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T L
‘;}'7"«{\4 ne Wy &MY

AL Ty XX e PAl

— 18¥n s la'wm \
STREC _ 15KV %1,808 17mm REC 140 %4.8%0 1S \\

o a =

3.7 §MgIWINEIVaITaLLANT leaINNIInageuaNNunIudausInzunnassldiulaslanga g

.

sy
Qam‘sﬂﬁ’élﬁﬂmammua’aamm: (M) PLA (1) PLA/NR (80/20l@a8%1%%n) (A)PLA/NR/NR-

PLA(80/20/1)ua% (3) PLAINR/NR-PLA (80/20/5)
3.6 ANUALIZIAIMNIDUVDINDALNDINEAN
3.6.1 gMPNN1IAA18AVDI NR-MAH, NR-PLA LazNaALNDIHNEN PLA/INR/NR-PLA

gﬂ'ﬁ' 3.8 UWAZANTIT 3.3UEAIIUNNNNTEAILAINIIANTOUBEI NR PLA NR-MAH (szelgrafted
MAH = 1.63 2.26 2.66 L8z 3.68% Iﬂﬂﬁﬂ%ﬁﬂ)uaz NR-PLA (5$(y1°'fl_lgrafted PLA = 27.5, 32.3, 36.7 uaY
46.4% lagsiniin) mngﬂﬁ' 3.8 WAz 3.89 WU NR ﬁqm%gﬁmsammﬁL’%'w(initial decomposition
temperature, Ty) Ll,a:qmv}gﬁmsamuﬁ’sqaqa(maximum decomposition temperature, T,) ‘ﬁl 358 1Lae387
psradaaaudan luamed PLA § T, uas Tpﬁ 340 UA365 adrLTalTod uasaInNalain PLA &
AAINNIRNALEINNANUTEUUINNTT NR (gﬂﬁ 3.89) LEAIIN PLA RA18A216028A2IUTa U180 I1879

FITNTIG

Lfiaﬁmimﬁmiaqmﬂgﬁmiammﬁmaa NR-MAH 71§i32@ grafted MAH @mn”uéi'{u,l,amlugﬂﬁ 3.8n
Waz 3.8 WU NR-MAH 71 beilein Tiq 083W 319 349 — 352 2IANLTTUR WAz T, 989eW319 380 — 383
asrLTaLBoE 8aa99TN T, uaz T, 289 NR 1Entday usasliiiuindfisennisnawd MAH asuu NR lay
UJnA3uuuy free radical wuraldifansmamals NR modmﬁﬂﬁﬂ'wqmﬁgﬁmiamﬂéﬁﬁﬁﬁﬁm

Wanias [21]
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100 100
—NR (n) —nNR ()
80 e prafted NR-MAH 1.63wt% 80 e prafted NR-MAH 1.63wt%
—_ -----grafted NRFMAH 2.26wt% | - | =eem grafted NR-MAH 2.26wt%
Eal - = ~grafted NR-MAH 2.66wt% - = - grafted NR-MAH 2.66Wt%
E 60 - . - grafted NR-MAH 3.68wt% G 60 —. - prafted NR-MAH 3.68wt%
: 2 !
o o
= 40 1 40 |
f,, a
L]
E
20 - 20 |
1] T T 1 4} _— . spaaar it
200 300 400 500 600 200 300 400 500 600
Temperature (°C) Temperature (°C)
100 = SR e T 106
N S G N I ")
= 80 4 T~ - P 80 - PLA
. L A K I SR .
€ ~ \ vevene grafted NR-PLA 27,4656 grafted NR-PLA 27.46wt%
3 60 4 “ — = = grafted NR-PLA 32.29wt% T 60 | = = “grafted NR-PLA32.20ut3%
§ N o prafted NR.PLA 36.72w5% Ny l,  — —eraftedNR-PLA36.T2wi%
a1 — -
= — . - grafted NR-PLA 46.36wt% Y .0 Al grafted NR-PLA46. 36wt
40 g 40 |
L= a A
° \
= \
20 - s
SN P %\
L= s
O T T 0 L T T T
200 300 400 500 600 200 300 400 500 600

Temperature (°C) Temperature (°C)

311 3.8 maﬂuLmiuqmm“ﬁmiamm”amomm%”aumm NR-MAH : (n) TG 283 NR-MAH (¥) DTG %84 NR-

MAH () TG 284 NR-PLA uaz (3) DTG 284 NR-PLA

@1319% 3.3 Lﬂ%ﬂmﬁmuqmﬁn‘]ﬁmamwﬁau LLa:QMMQﬁmsamﬂé'wm NR-MAH 182 NR-PLA

grafted MAH T, T2 DTG
Sample code o o
(Wt%) (°c) (°c) (%/min)
NR - 358 387 58
PLA - 340 365 80
NR-MAH* 1.63 352 383 81
2.26 350 380 57
2.66 350 380 51
3.68 349 380 51
grafted PLA T, T2 DTG
Sample code
(Wt%) (°c) (°c) (%/min)
NR-PLA** 27.46 350 388 49
32.29 332 389 38
36.72 258 388 45
46.36 219 383 37

"Initial decomposition temperature 2maximum decomposition temperature
* n2zlE: MAH = 510 15 waz 20 phr BPO = 0.3 phr, T= 80 adABaLTOR, t = 2 TILN9

* mefld: MAH = 5 10 15 uaz 20 phr, NR-MAH/PLA = ¥ Tagiwin, DMAP = 0.2 Tuan$, T= 140 asaniaaifea, t = 16 12149,
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\WaAn®NaYDIIzAY grafted PLA diagmniinisaansdived NR-PLA 31 3.8 uaz 3.89 Wuiins
\NUIuok MAH 971 5 - 20phr lum3daLasnzi NA-MAH vl NR-PLA {3zl grafted PLA agluzag
27.66 — 46.36% (NN ITRILATIEH : 0aTFIUlA8INNINVBINR-MAH/PLA = 1/2 Y31t DMAP= 0.2
lua1§f 140 asanaaifos win 16 Talu) a1 T, a83zwing 219 - 350 aseuwaiGos ganninig

o A A, & a zdl A 9 cad X \ .
saodnansdlarminmng PLA ludSumfann iesnnanszaumainnwdfigedu uaz Tagning

= A =) ' o o v ¥
383 — 389 aIALTRALDYR DINATRININ PLA (365 aamuﬁméﬁ'ﬂa) LAz AINNIIFANLAIGILANNITOW

U

A1NN31 PLA La@d31 NR-PLA ﬁé’aLﬂiﬁ:ﬂ@i’ﬁmmﬁmmu@iamiammﬁmamm%@uqaﬂiw PLA

U7 3.9 wazenTefl 3.4 usaamasluunsumIsaisaansanuiausasnafuaInay PLAINR
aaTanlaginiin 80/20 M hailfnuazidin NR-PLA (sz@Ugrafted PLA = 36.7% lagiiwin) Usunm 0.5

A o

1.0 3.0 Uz 5.0% lapimuin wudmefwaikanfliidin NR-PLA Samnin1iaaiodianadain NR uaz
PLA u'%qﬂﬁm Ty WAL 320 09ANTALTUR (T pra = 340 BIANTALTURUAS Ty n = 358 BIALTALTLE)
WAz T, WAL 349 BIANLTALTUR (T, pa PLA= 365 8IALTALTURUAT T, yg = 387 IANDALTLE) Lazdl

ﬁj"m'm'lsamﬂﬁ"smaﬂmﬁauﬁqaﬂ'jﬁﬁasJ

TunydivaswoRiainauidy NR-PLA wuiimaufinssuna NR-PLA Tuwasiuasuan PLAINR/INR-
PLA 970 0.5 1.0 3.0 uaz 5.0% lagsintin °1hsJLﬁuqm‘vﬁgﬁmmmy@]”waawaﬁma{waugﬁuiw Ty A6
BE3TWINg 320 — 342 BIANTALTUR Uz T, 8j3zWIN9 349 — 367a4ATALTHE %ﬂﬂﬁlﬁﬂuﬂ”ﬂqnmn“ﬁmi
FUAI2849 PLA uaztiaunitgamgiimssaiodaues NR (U 3.90 ua 3.9 Waza13797 3.5) FImaaw
NR-PLA ﬁaﬂLﬁumqmﬂnﬂﬁmiamUﬁwaawaama?mwu’mn’j’]waama?wawﬁvl,;iLau NR-PLA 301t
20 avALTalToR ﬁaﬁgaﬁﬁ'ﬁﬂmsﬁauwmu NR-PLA snan3ntastuanutnnwledszningnaas PLA
waz NR §00ARBINUNANINARBULTING WAZNIFHUIIUING [22] Lﬁam%‘ﬂuLﬁﬂuqm%gﬁmiamﬂﬁa
yaswaRluauan PLAINRINR-PLA (32Umsns e 36.7% lagsinwin) 7o PLAINR/NR-MAH (s2@0ms
NG 2.66% I@Uﬁmﬁfﬂ) AUSHDe 1.0% 1Hiiwua? (Eﬂﬁ' 3.9 Uaz 3.99) WUINAN T4las T, vaIned
LWosWEN NR-MAH 1M7L 324 uaz 350 89@LTaldoaa1ud1audsdininvesnuaasnafiuosna

PLA/NR/NR-PLA Lanitas
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100 vg*\ - 100 NR
..... NR S
\ il ) @)
.80 1 V' — —PLANR 80 — = PLAMNR
g Y saia PLANRNRPLAOSWES: | | [T e PLAMNR/NR-PLA 0.5wt%|
_§ 60 . | — . =PLA/NRNR-PLA 1wt% G 60| = + = PLANR/NR-PLA 1wt%
@ \ = — — PLA/NRNR-PLA 3wt% é |, = = = PLANRNR-PLA 3wt%
f = « + PLA/NR/NR-PLA S5wt% o '. — s« PLAINR/NR-PLA SwWt%
< 40 - = 40 [
° 6 1 \
g" \
\
20 20 | \
= .
0 T 0 ‘\A_
200 400 600 p
Temperature (°C) 200 0 500
Temperature (°C)
100 100
—_ 4
NR (ﬂ) ,': NR (\1)
80 - NOR—— PLA
ABO 1 RYveNY G PLA : '
®: | BRI e PLAINR [ ST PLAMNR
-%60 | = = = PLA/NR/NR-MAH 1wt% c 60 | :' t‘. i = = = PLA/NRINR-MAH 1wt%
- S ‘il 5
§ \ \ — - -PLANRNR-PLA twt% | £ :'[\“ £\ — . - PLAINRINR-PLA 1wi%
£ LY © 40 hi
Zao - b g {
=] H
= \
W 20
20 \\
\:\
0 NG 0
200 400 600 200 400 600

Temperature (°C) Temperature (°C)

gﬂﬁ 3.9 WSsufsumesluunsumIsasdinieanuianvadsnafiuasuan PLAINR/NR-PLA : (n) TG 284Wa
fuaINEN PLA/NR/NR-PLA, (2) DTG TadwadinasHay PLAINR/NR-PLA, (A) TG 284WaRla3Naw
PLA/NR/NR-MAH i8¢ PLA/NR/NR-PLA as (3) DTG YINDRLNDTHRY PLA/NR/NR-MAH W8
PLA/NR/NR-PLA (PLA/NR : 80/20 , NR-MAH (wt%) : %MAH grafted on NR-MAH = 2.66% , NR-PLA
: grafting PLA = 36.72%)

A15191 3.4 Lﬂ%ﬂmﬁﬁuqmmgﬁmsammﬁmamm%”aumaawaﬁmai’wau PLA/NR/NR-PLA 7L@N&131T0%

W& NR-PLA luiSanmuengg

Sample code Blend composition Ty T, DTG (%/min)
PLA/NR 80/20 320 349 94
PLA/NR/NR-MAH* 80/20/1.0 324 350 53
PLA/NR/NR-PLA** 80/20/0.5 337 359 63
80/20/1.0 339 359 63
80/20/3.0 342 363 65
80/20/5.0 342 367 66

o o a a R a a Y

Y]’lﬂﬁi‘ﬂﬂﬁﬂl]“/lﬂqmﬁq&l 40 — 800 IFALTALTYR, heatlng rate = 10 23ALTRLDYUR/UN, lﬂﬂiiﬂﬁﬂ’]ﬁvluiﬂilﬁ]u

* NR-MAH : Grafted MAH = 2.66% lagwinntinu n11zfild: MAH = 15 phr, BPO = 0.3 phr, T= 80 asenimaidos, t = 2 5alus

** NR-PLA : Grafted PLA = 36.72% lagwinmein, masfild: MAH = 15 phr, NR-MAH/PLA = % lagtiintin, DMAP = 0.2 Tuan$, T= 140 asenimaifoa, t =

16 alua
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3.6.2 qmwgﬁmﬂﬂaﬂuamu:ﬂé’wuﬁ’a NR-MAH NR-PLA uazwaatnasuas PLAINR/INR-PLA

3UN 3.9n uaza1 9 3.3 usasgnndildvnaniusadoui (T,) amnDInInaouaT (T,) LAz

a a 1 a 1 a AF 1 Qs
gunniinmaifiandn (T) laaTwe9 NR iy -62.3 asausaidos §9u T,004 PLA uSgnBiviniy 65.9
BIFNTALTUR T, HINL 155.7 a9ataaifod anusaUaIneIIsITNTIaaautls NR-MAH, NR-PLA {61 T,

waz T, iLan@19ny NR waz PLA 3nunLiuuaan T, 189 NR-PLA f1laaadsann PLA

RA50NNaRINasHEN PLAINR/NR-PLA 8a3187% 80/20 71 liifuuasiuansidounais NR-PLA (3zaU
MINTING 36.7% Iﬂmﬁmfm) USunms 0.5 1.0 3.0 uaz 5.0% lagsinwin e1a15197 3.5 LLa:;nJﬁ 3.10%
Wuiwewasnauiua i deuna1n NR-PLA sonadan1sidfouutas T, 789 NR Uaz PLA Tagmauia
U510k NR-PLA siwazvinlstein T, 289 NR Saniaduain -61.6 1w -50.8 asenanifos wazvirlien T,
289 PLA fidnanasan 63.7 1w 61.5 aseuaafos  nsfien T, 789 NR waz PLA Sumwaliufiiadawn
WINH ﬁ?mmmﬁammLiﬂﬁuizmwﬁ'gmﬂ PLA uaz NR A31nd (chemical compatibility) 1iafinnsifia
USHmEn It anra i NR-PLA 13widinariun1silfouudasen T, Fafinanmsi NR Urzwnaaandn
faadsa (nucleus) 11 PLA matix ¥inlst PLA iiatdunanlunafiuasuay PLANR n13i@a NR-PLA 1w
matuanadiwldszningignia NR uaz PLA vl NR Smanszansdaldadwinliia T, Snisaaas
faudn T, wwdnsasunlasdniesdintos Woiinysunos NR-PLA udsnumedamoRanasduges
wananmatdundndnisrudaddieiu esunnenudundninissessdeldnsludroduuda
[18,25-26]

PLA/NR 80/20 PLA/NR/NR-PLA 5wt%

(n) ()

exo

PLA/NR/NR-PLA 3wt%

PLA/NR/NR-PLA 3%
PLA/NR/NR-PLA 1wt%
NR-PLA 15phr

PLA/NR/NR-PLA 0.5wt%

NR-MAH 15phr

MWDZ

Mwog

PLA/NR 80/20

Tg.NR

T T T T T T T T T T T T T T 1 (C)
80 £0 40 20 o 20 40 80 80 100 120 140 180 180 200

r T T T T T T T T T T T T T 1 (°C)
80 £0 40 20 o 20 40 &0 80 100 120 140 160 180 200

3171 3.10 inasluunsunianwion (DSC): () Wiuuifivy NR PLA NR-MAH NR-PLA uazwafiuainaw
PLA/NR/NR-PLA 3.0% lagsinisn (1) 138uifisy NR PLA PLA/NR uazwafluasnas
PLA/NR/NR-PLA #i 0.5-5.0% lagiwmwin
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A15191 3.5 nJ'%'m_lLﬁmuqmﬁgﬁmamm%’aumaawaﬁma%wau PLA/NR/NR-PLA NLANEILTONNEY

NR-PLA lutSunmdni g

Blend T, (°C) T,(°C) 2 0 s o
Sample code T.(c)y T, (C)
composition NR PLA
NR - -62.3 - - -
PLA - - 65.9 - 155.7
NR-MAH (grafted 2.66%) - -569.9 - - -
NR-PLA (grafted36.72%) - -59.7 - - 133.9
PLA/NR 80/20 -67.9 66.6 112.7 157.5
PLA/NR/NR-PLA** 80/20/0.5 -61.6 63.7 122.3 159.3
80/20/1.0 -61.7 62.3 113.5 157.5
80/20/3.0 -61.0 63.4 114.5 157.5
80/20/5.0 -59.8 61.5 118.7 157.7
"Glass transition temperature 2Crystallization temperature *Melting temperature

Ynmasaufigmnnd 40 - 800 asriwniFs, heating rate = 10 asenimafoaund, ldursmmalulazian
* mMaefile: Grafted PLA =36.7% lauiwiin, MAH = 15phr, NR-MAH/PLA = % lastinein, DMAP = 0.2 Tuang, T= 140 aseiamifo, t = 16

T3lua

3.7 M3FANUAIVDINDALNDTHAN

HITpAnsInIaaeaImIItin naeInefuandnuadalunuudigg vansaangaadastawlad
TsGiama uazdfiselalaslads esnasuaniSonifisudasiSalunstensaioues PLA uazwaiiuas
&Y PLAINR/NR-PLA 7ilajifinuasifusmsifounan NR-PLA (35aUmMIns e 36.7% I@U‘Ii’]‘lﬂ‘lrﬂ) 331 0.5
1.0 3.0 ua 5.0% lagtimin Tasa13199 3.6 LEAISATIMIFANBA (%weight loss/day) VasTunueIagafivh

n1INaaayd

3.7.1 M3dangaInawlnillsaied 1A

madnwnsaaeaddisanladlysies ta Wudassludjisenlalasladsirmnessslanld
wnbrilysAies 1@ AN 0.2 nTN/ART luansazautiWiwes pH = 8.6 ﬁqmmgﬁ 37 DIFLTALDUR L1
A171971 3.6 LFAIBATINTII1DAITI PLA Uae PLAINR/NR-PLA 7 laitduuastfnansiiannans NR-PLA
WU71 PLA Haasnnsaansalaistanlsdllsdies Lﬂmﬂ'ﬁq@] 0.36%/3% sanwaniuesnan PLANR 714
AU T e NNE W 8aINNIEANDEIN 0.34%/3% uasfilfumsieuna LS 1.0 — 5.0% lagimnin
é"m’m’nammm”’aﬁslﬂ?iﬁmﬂ”uayjimhd 0.32 — 0.35%/3% Geusasliiiwinmanas NR Tdunmssanans
sannmssanosives PLA luwadwasnawn ludinveadussidounan NR-PLA wuiiladmsimuysunm
MITansInsaTNIEMITaIweaNasnaN S aaafiasunanmsaaulsslassaoras PLA lagms
Ry NR Avnlnlassaiedenusudauduwinlvendansdesaansvasiawlodidanudensn

LANITRN
U
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3.7.2 madgaaaanelnsenlalaslads

A

Iuﬂwmmaadﬁﬁ]zLLﬁéudwuﬁaaﬂwaiuﬁwnﬁuﬁlﬁqm%gmja (58 pemaaLSaa) 1oL a T lunT
Lﬁﬂﬂﬁﬁ%ﬂﬂ@mﬂ%ﬁwnéﬂumiﬁﬁﬂﬁﬁ%mLﬁmasmLﬁm NHANTNARBILEAIlUaN TR 3.6 WU
PLA ﬁé’mwmsammﬁgjﬂﬁg@vﬁmﬁmﬁunﬁamﬂﬁ"ﬁamauvl,ﬁmﬂﬂiﬁma i laafdanisasnosaf 1.07%/
M F1uwaRluaINaN PLANR ﬁé’mwmmmﬂﬁaﬁasﬁq@ﬁ 0.83%/11 unzWaRluasNaEN PLAINR MLinas
\Hounau NR-PLA 10aNIFADAI8g 319 0.93-0.87%/1% mMaRuE I BauNa NR-PLA 1uns
WAUEATINIENEGIT8 PLA 118981910 NR-PLA azgpvinls NR fimsnszansdlwipgniaves PLA ld@

£ o § wa a aaa a a & o
u ldsanmaiadjisonlalasladsiududn

Gl'li'ldﬁ 3.6 WIUINUAAATINMIFANEAIVEY PLA LazWaRINESHEY PLA/NR, PLA/NR/NR-PLA

Blend composition dw/dt (%eweight loss/day)
Sample
(wiw) Enzymatic process’ Hydrolysis process®
PLA ; 0.36 (0.14)" 1.07 (0.61)
PLA/NR 80/20 0.34 (0.05) 0.83 (0.80)
PLA/NR/NR-PLA® 80/20/0.5 0.35 (0.11) 0.90 (1.18)
80/20/1 0.35 (0.11) 0.87 (1.49)
80/20/3 0.34 (0.10) 0.91 (0.97)
80/20/5 0.32 (0.18) 0.93 (1.24)

T gnzild: sredraauia 10x5x1 Aadiwas® lua1sazany Proteinase K 0.5 finansi uaz sodium azide 0.5 Sadnsu Tu Tris-HCI buffer 2.5 Jadans
i pH =86 unzgmAnnil 37 avenimalfua

2 gnmedils: dratheuna 10x5x1 Tadiuas® luinsiu ﬁqmuqﬁ 58 avrLaaLioa

3 o Grafted PLA 1% NR-PLA = 36.7 wt%, 8127 1%: [MAH] = 15 phr, [BPO] = 0.3 phr, §a3182% PLAINR-MAH = 2/1 wt%, [DMAP] = 0.2 lua1§ 1
amannd 140 aseialfos win 16 EZY

* standard deviation
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P>
1inn 4

agﬂwami‘nmaaa

Ansnadivdyssut@ananumudausinszunnvaineduanfnuadalasldonisranmauazan it
anudnwlengaansianssumanddaisnasusadnueda (NR-PLA) lasmsdndSunmuiiasn
wawlalasddamssaamzw NR-PLA i 520 phrvilsfszaumenmndifinduain 27.5 - 46.4%  amsfimanza
Tumafinszaumenmndiiasit samaunas PLANR-MAH 7 1/1 di90§ATun DMAP fiaanandutu 0.05 lums
qmwgﬁlumiﬁwﬂﬁﬁ%mﬁ' 140 asenumaBos wazszazmlunIUATeA 16 $alus wavasmuAndFunm
NR-PLA daauiaiBinauainafiuasuas PLANR (80/20 Iﬂﬂ‘&mﬁ'ﬂ) wuimsla NR-PLA $1uam 3% lagiiawin
FafiniaumuLTINTELnas N iUweRwasHauTh e A e fnau danudumudausinszunnuiy
61.935/L407 Baunnin PLA Afldnannunudeusinszunnifies 28.9908/0A7 WAHATAILAN NR-PLA aalunad
WoTHEN PLANR UazszaumMinmWdPLA dnaianiaudadiminudausiiia dnszozia 39910 uazdinnuuds
PaInaRiuaiHAN Han N NR-PLA aztinfinausaidinaludunmmudausanszunnuds NR-PLA S3mu13niAa
anudiuldsznineipniaues NR uaz PLA luwefwesuaudnds Gsmaninduduldlasnansdugiuwing
NMINAFBIFNTANIIANNTOUNLIT NR-PLA °1hULﬁuqmvmﬂﬁmmmmﬁmmwaﬁmﬁwau NIFALAIN
Fanwaag PLA 1inuriuwadiweduan PLANR (80/20 Tagiinnin) nolaitduuaziin NR-PLA (grafted PLA =
36.7%) U500 0.55% lasiwiindaanslsiowlodlysdemal fAsonlalaslads wodn PLA G803
amﬂé‘ngdqwgmadﬂ’ﬁﬂ@am suludjiselalasladanmafuaandeunain NR-PLA azidlumsaadasinig
aauaiiesnnanlanainines NR-PLA danududaurliiowlslsdion mﬁﬁmmLﬁam‘hmﬂzgamn@iams
donsay unaRudianm NR-PLA andumafindarnniafadfiselalesledmitosnnviils NR finns
nyznedluipniaues PLA ldadu

VDLAWDUNE

a a P % & a A A o &= ' &
1. WﬂaLLaﬂ@ﬂLLE]SIT@Nﬂfy%jlu@’]uﬂ’]imugﬂi@f_l"ﬂzLﬂ(ﬂwﬂ\‘l@']ﬂ']?“:ua\'j"ﬂjﬂﬂ?']u“ﬂu @\‘]uuiﬂﬂﬂ'JSQUVLﬂﬂ']’]Nﬁuﬂqﬂ

a_ o & &
WanaaanNnanyinnIW amugﬂnﬂﬂsa

& a & a [ o A A 7 a fa o ' < 82 o
2. ﬂ’ﬁ“lmgﬂwE]aLwaiwauﬂ’a’iu‘izﬂﬂ‘lﬁﬂa’m’iau (pre-heat) NLANLRY LWE]FL'V\Wf’]ﬂLNa?LiNNﬂqTﬁaﬂuaiﬂﬂﬂ'ﬂﬂ\‘lﬂu

LAz IYMINagIrats gasaLNe lanasiiialuinis

a : & a o w : a { = Y Y \ '
3. ﬂ’]i‘ﬂ@]wa6"1Lila%ﬂa&lﬂauﬂ’]imugﬂLﬂuaﬁa’]ﬂfy Lﬁaﬂ’ﬂ’]ﬂmu’]@waﬂl:“agﬁl»aﬂ LLG:ﬁ%%’]@IﬂaLﬁmﬂuﬁ]:\‘l']Ema

v ﬂq// o v ' J
n1Inaad 1"1]'532]: 9 mlum‘m ROURW ‘ﬂ’]l‘lﬁ ﬁt@]'ﬂﬂ(ﬂﬂﬂ’]‘i“ﬂ%g'ﬂ
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AMARKIN N

* A20819M I IIBUITN T MAH mnmﬂmmm

Grafted MAH (wt%)

(1)

(Vo — V4N

2w

X 98X100%

(0.01075—0.00465)0.028
2X0.5182

X 98X100%

1.627 wt%

*@1a81INIAI NI WIZAUNINIINGNR-PLA

Grafted PLA (wt%)

)

W
after X100

Wbefore

1.2284
4.4742
27.46 %

X100

*@28819M I IRRIUINI AR Y NR-MAH

A x4
(3)

Gel content (wt%)

(4)
(1.3208-1.2921) x4

B

X100

0.1148
0.3995—0.1148
—_—X

0.3995
71.26 %

100

*ABHINIENIBNIRANLAIVDIND ALY E]io‘N 5N

Weight loss (%)

(5)

W, —W
b "2 v 100
Wh

0.1501
0.80 %

0.1501—0.1489
—FF  [X100



® (22:19NNTAIIWBNITAATINTRANLAD

803 IFaN8a1789 NR-PLA lagnisltiowlolluses 1o uazdfisenlalasladasaunin
fonuldannanusuvesniu

3
y =0.3674x-0,2939
g 21
7
e
s
20
z 1]
—&—PLA
------- trendline of PLA
04 T T T T
a 2 4 & 8
Time (day)
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Entry Sample Blend Tensile Elongation Izod impact Hardness
composition strength at break (%) strength (shore B)
(MPa) (J/m)
1 PLA 100 56.1 11.2 28.85 88.1
2 PLA/NR 100/3 44 1 10 34.16 84.3
3 100/5 39.7 9.1 33.77 85.3
4 100/7 38.1 9.6 33.93 82.4
5 100/10 343 7.3 42.7 79.8
6 100/15 31.1 7.3 45.76 83.8
7 PLA/NR-MAH* 100/3 35.9 6.9 30.88 87.7
8 100/5 31 6.3 27.78 85.8
9 100/7 213 5.6 27.55 87.8
10 100/10 21.7 5.7 27.58 83.5
11 PLA/NR/NR-MAH* 80/20/0 26.4 6.8 51.27 84.6
12 80/20/0.5 18.5 6.7 43.06 86.5
13 80/20/1.0 19.1 6.1 45.07 86.9
14 80/20/3.0 16.2 6.3 42.56 88.8
15 80/20/5.0 16.3 6.6 42.58 88.7
16 PLA/NR/NR-PLA** 80/20/0 26.4 6.8 51.27 84.6
17 80/20/0.5 25.8 74 40.64 84.1
18 80/20/1.0 26.8 7.8 54.29 80.6
19 80/20/3.0 26.4 7.5 61.86 80.1

* NR-MAH : Grafted MAH = 2.66% lagtinwina n1sfild: MAH = 15 phr, BPO = 0.3 phr, T= 80 89dnaalfe, t = 2 T2 Lu4
* NR-PLA : Grafted PLA = 36.72% laguwsin, naziild: MAH = 15 phr, NR-MAH/PLA = % lagtiiwiin, DMAP = 0.2 luans,

T= 140 asrumaidus, t = 16 $alus
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Summary: Poly(lactic acid) (PLA) is a biodegradable plastic with good properties
in terms of high tensile strength and high tensile modulus, but the brittleness and
low impact strength behavior limit its applications. To enhance the impact strength
of PLA, natural rubber (NR) with excellent elastic property should be applied to
PLA. However, the polarity difference of these constituents leads the
incompatibility resulting in poor mechanical properties of PLA/NR blends. Thus,
the chemical modification of NR to increase its polarity is required. This research
aimed to synthesize NR-graft-PLA (NR-PLA) as a compatibilizer for PLA/NR
blends. There were 2 steps to prepare NR-PLA compatibilizer. Firstly, NR was
functionalized by various maleic anhydride (MAH) contents (5-20 phr) to produce
NR-MAH having higher polarity than NR. Then, NR-MAH was grafted with PLA
via esterification using 4-dimethyaminopyridine (DMAP) as a catalyst. The
structural characterization of the NR-MAH and NR-PLA was conducted by FT-IR
and 'H NMR spectrooscopy. This was observed that the increase in the MAH
contents increased the amount of grafted MAH in the NR-MAH structure. The
higher grafted MAH content induced the greater efficiency for grafting PLA in
preparation of NR-PLA. The effects of DMAP, NR/PLA wt ratio and temperature
in the esterification step on the grafted PLA were investigated.

Keywords: poly(lactic acid); natural rubber; compatibilizer; biodegradable plastic;
graft copolymers

Introduction
The problems of the higher petroleum cost and the huge volume of the petroleum-based
polymer wastes which are difficult to be degraded, have been concerned in recently years. To

solve these problems, poly(lactic acid) (PLA), produced from renewable sources such as corn,
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sugar cane and cassava, has been well known as a biodegradable plastic with excellent
properties in terms of high tensile strength and high tensile modulus.[*? However, its
brittleness and low impact strength limit its application due to the chain stiffness at room

temperature.[-4

Some previous works suggested that the brittleness of PLA could be improved by blending
with some elastomers such as polyisoprene-co-polylactide (PI-PLA) in PI/PLA blendsf®,
organoclayl’, ethylene-co-vinyl acetate (EVA) in PLA/EVA blendst® and thermoplastic
polyolefin elastomer-graft-polylactide (TPO-PLA) in PLA/TPO blendsE!. This was expected
that the elastomer particles dispersed in the PLA phase act as a stress energy absorber for PLA.
Nevertheless, the immiscibility of polymeric constituents in the blends resulting from the
polarlity difference could lead the finishing product having poor mechanical properties.[**!
Hence, the compatibilizer made from graft copolymer was required to improve the phase
morphology in these blends such as natural rubber-g-glycidyl methacyrlate (NR-g-GMA)P],
natural rubber-g-poly(methyl methacrylate) (NR-g-PMMA) and PLA-NR-PLA triblock
copolymer.l*1

Therefore, the aim of this work was to synthesize the NR-graft-PLA (NR-PLA) used as a
compatibilizer for PLA/NR blends. The first step was to fuctionalize NR by various maleic
anhydride (MAH) contents (5-20 phr) to produce NR-MAH having higher polarity than NR.
Then, NR-MAH was grafted with PLA via esterification using 4-dimethyaminopyridine
(DMAP) as a catalyst. The structural characterization of the NR-MAH and NR-PLA was
conducted by using FT-IR and *H NMR spectoscopy. The quantities of the grafted MAH in the
NR-MAH structure was determined by titration of the acidic group derived from the anhydride
functions.[*?131 The effects of DMAP conteent, NR/PLA wt ratio and temperature in the
esterification step on the grafted PLA were invertigated. The central condition applied in this
reseacg was MAH content for NR-MAH preparation = 15 phr, NR-MAH/PLA = 1/2 (w/w),
[DMAP] = 0.2 M at 140°C for 16 h.

Materials and Methods

Materials
PLA in a grade of 4043D was provided by NatureWorks®. The solid NR (STR-5L) was
manufactured by PAN Innovation Industry Co., Ltd. (Thailand). MAH was obtained from

Sigma-Aldrich. Toluene, acetone, methanol, benzylalcohol, potassium hydroxide (KOH) and
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sodium hydroxide (NaOH) were obtained from Quality Reagent Chemical Co.,Ltd (Thailand).
Benzoyl peroxide (BPO) used as an initiator was purchased from Merk Schuchardt. The 4-
dimethyaminopyridine (DMAP) used as a catalyst in the esterification step was obtained from
Sigma-Aldrich.

Functionalization of NR by grafting with MAH

The reaction of grafting NR was carried out in a solution state under nitrogen atmosphere. NR
was dissolved in toluene (0.9 M). The NR solution was then added into a two-necked round-
bottom flask immersed in an oil bath. The various MAH contents (5-20 phr) dissolved in
toluene containing 0.3 phr BPO were transferred into the NR solution at 60°C. The mixture
was stirred at 80°C for 2 h. The grafting product (NR-MAH) solution was precipitated in

acetone and dried at 40°C in a vacuum oven.

Determination of the grafted MAH content in NR-MAH

The amount of MAH grafted on NR-MAH structure was determined by titration method. NR-
MAH (1 g) dissolved in 100 mL toluene was hydrolyzed by using 0.2 mL distilled water under
reflux at 110°C for 2 h. The amount of carboxylic group obtained from hydrolysis of NR-MAH
was determined by titration with 0.025 N KOH in methanol/benzyl alcohol (1/9 (v/v)) and the
1% of phenolphthalein in methanol was used as the indicator. The MAH content in the NR-
MAH was calculated by using Eq. 112I:

(Vg - VN

)
~0 1 98x100% 1)

Grafted MAH (%wt) 5
"\

where Vo and V1 are the volumes of KOH in a blank and a sample. N is the KOH concentration

(M) and w is the sample weight (g).

Esterification of NR-MAH with PLA

PLA pellets were added into the NR-MAH dissolve in toluene (0.9 M) containing DMAP
acting as a catalyst for esterification. The reaction was carried out in the stainless steel reactor
consisting of a magnetic bar and placed on an electrical hot-plate stirrer. Nitrogen gas was
purged into the reactor for 15 min to ensure that air was removed. The esterification of NR-
MAMH was then proceeded under vigorous stirring at the desired reaction time and temperature.
The obtained NR-PLA solution was poured into an aluminium tray and placed in a hood to
evaporate toluene. The level of grafting for NR-PLA was evaluated from the mass loss obtained

from soxhlet extraction by using the solution of NaOH dissolved in methanol (0.38M) for 24
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h. Then, the extracted NR-PLA was dried at 40°C in the vacuum oven for 24 h. The grafted
PLA in the NR-PLA was calculated by using Eq. 2:

w
Grafted PLA (%wt) = __after 100 @)
Wbefore

where Whefore and Watter are the weights of NR-PLA before and after Soxhlet extraction.

Characterization

The ATR-FTIR spectra of PLA, NR and the modified NR were recorded using Perkins-Elmer
spectrometer over the wavelength number in the range of 4000 to 515 cm™ with 64 scans at a
resolution of 4 cm™ at room temperature. The *H NMR spectrum was acquired at 25°C using
Varian Inova 500 MHz Spectrometers with 32 scans at a resolution of 4 cm™. The sample was

dissolved in deuterated chloroform used as the internal standard.

Results and Discussion

Structural characterization of NR-MAH and NR-PLA

The chemical structures of NR before and after functionalization with MAH and esterification
with PLA catalyzed by using DMAP were comparatively shown in For PLA (Fig.1a),it was
found the intense absorption band of carbonyl groups at 1776 cm™. The NR (Fig.1b) shows the
asymmetric and symmetric C-H stretching peaks between 2851 - 2960 cm™. For the NR-MAH
structure (Fig.1c), it was found that the peak intensity at 1785 and 1741 cm™* attributed to C=0
stretching vibration of succinic anhydride ring slightly increased when 15 phr MAH was
applied to be grafted on the NR structure (%grafted MAH = 2.7 wt%). After esterification to
produce NR-PLA, Fig.1d shows that the peak intensity at 1758 cm™ in the modified NR
increased when the NR-MAH was esterified with PLA (NR-MAH/PLA = 1/2 (w/w)). This
position was the carbonyl group in the PLA structure. Thus, this result confirmed that the
grafting of PLA on the NR structure was success.

The *H NMR was reconfirmed the NR-MAH and NR-PLA structure. For the spectra of
modified NR is shown in Fig.2a. The methyne proton (=CH, Hi) at 5.12 ppm. The both
methylene protons (-CH2, H2) at 2.09 ppm and the methyl proton (-CHs, Hs) appears at 1.68
ppm. The NR-MAH (Fig.3c) was confirmed by spectra of methylene protons at 3.49 ppm (-
CHo>, Hs) from anhydride goup. Fig.2b shows the main characteristic peaks of NR were
noticeable at 5.12 ppm (=CH, Ha), 2.04 ppm (-CH>, Hs), 1.67 ppm (-CHs3, H) and the grafted
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PLA characteristic peaks were appeared at 5.17 ppm (-CHa, Hs), 1.59 ppm  (-CHa, Hq).1414
15]

()

[ 2,851 -2.960 cm’!

(c) 1741 corty|

1,758 eml___

4000 3500 3000 2500 2000 1500 1000 500

Fig. 1 ATR FT-IR spectra of (a) PLA, (b) NR, (c) NR-MAH (grafted MAH = 2.7 wt%) and
(d) NR-PLA (grafted PLA = 37%).
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Fig. 2 'H NMR spectra of (a) NR-MAH (grafted MAH = 2.7 wt%) and (b) NR-PLA (grafted
PLA = 37 wt%).
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Esterification of NR-MAH to produce NR-PLA

Tablel presents the effect of MAH content on the degree of grafted MAH in the NR-
MAH. The results obtained from the titration indicated that the amount of grafted MAH in NR-
MAH increased from 1.6 wt% to 3.7 wt% when the MAH content increased from 5 to 20 phr
because the higher loading of MAH increased the possibility for MAH radicals to react with
NR molecules.[® 1213 The effect of the grafted MAH content in the NR-MAH structure on the
grafted PLA for NR-PLA preparation was investigated. It could be observed that the higher
content of grafted MAH in the NR-MAH enhanced the level of PLA grafting in the NR-PLA.
It was found that the maximum grafted MAH content in NR-MAH at 3.7 wt% induced the
highest level of grafted PLA via esterification as 46.4%.

Table.1 Effect of MAH content

Maleic anhygride Grafted MAH Grafted PLA
content (phr) (Wt%) (wWt%)
5 1.63 27.5
10 2.26 3.29
15 2.66 36.7
20 3.68 46.4

Functionalization of NR with MAH: BPO = 0.3 phr at 80°C for 2 h; Esterification of NR-
MAH: NR-MAH/PLA = 1/2 (w/w), [DMAP] = 0.2 M at 140°C for 16 h

The effect of NR-MAH/PLA wt ratio on the level of PLA grafting was shown in Table2 The
result indicated that the increase in the amount of PLA in the mixture (NR-MAH/PLA = 2/1 to
1/1 (w/w)) increase the grafted PLA content on the NR-MAH structure to 51%. However, the
increase in the PLA content above this point (NR-MAH/PLA = 1/1 to 1/2 (w/w)) decreased the
level of grafting due to the limitation of the anhydride group presented in the structure of NR-
MAH.

For the effect of DMAP concentration on the degree of PLA grafting, Table2 showed that the
increase in the DMAP content led the reduction of grafted PLA in the NR-PLA. This could be
explained that the high loading of DMAP promoted the depolymerization of PLA in high
reaction temperature. However, the esterification could not be occurred without the addition
of DMAP as the catalyst.[3 €]

To consider the effect of reaction temperature on the grafted PLA, Table2 showed that the

increase in the reaction temperature from 120 to 140°C increased the level of PLA grafting
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from 8.3 to 36.7%. However, the level of PLA grafting at the higher reaction temperature (140-
160°C) tended to be levelled off due to the stearic effect generated from the previous PLA
segment grafted on the NR-MAH.[17]

Table.2 Effect of reaction parameters on the level of PLA grafting in NR-PLA

Reaction parameters Grafted PLA

(Wt%)

NR-MAH/PLA 2/1 34.0
(w/w) 1/1 51.1
1/2 36.7

DMAP concentration 0 1.45
(M) 0.05 65.3
0.2 36.7

0.8 30.7

temperature 120 8.33
(°C) 140 36.7
160 30.9

Center condition: MAH content for NR-MAH preparation = 15 phr, NR-MAH/PLA = 1/2
(w/w), [DMAP] = 0.2 M at 140°C for 16 h).

Conclusions

NR-PLA compatibilizer was synthesized by two steps. Firstly, NR was functionalized by
various MAH contents initiated by BPO initiator to produce NR-MAH. Then, NR-MAH was
grafted with PLA via esterification using DMAP as a catalyst. The structural characterization
of the NR-MAH and NR-PLA was confirmed by ATRFT-IR spectroscopy and titration
technique, which indicated that the increase in the MAH contents led the higher level of grafted
MAH in the NR-MAH and also induced higher grafted PLA in the NR-PLA. The NR-
MAH/PLA wt ratio at 1/1 provided the highest grafted PLA at 51%. The overdose of DMAP

also promoted the depolymerization of PLA at high temperature.
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Poly(lactic acid) (PLA) is a biodegradable plastic with good
properties in terms of high tensile strength and high tensile modulus, but
the brittleness and low impact strength behavior limit its applications. To
enhance the impact strength of PLA, natural rubber (NR) with excellent
elastic property should be applied to PLA. However, the polarity difference
of these constituents leads the incompatibility resulting in poor mechanical
propertics of PLA/NR blends. Thus, the chemical modification of NR to
increase its polarity is required. This research aimed to synthesize NR-
graft-PLA (NR-PLA) as a compatibilizer for PLA/NR blends. There were
2 steps to prepare NR-PLA compatibilizer.

Firstly, NR was functionalized by various maleic anhydride (MAH) contents (5-
20 phr) to produce NR-MAH having higher polarity than NR. Then, NR-MAH
was grafted with PLA via esterification using 4-dimethyaminopyridine (DMAP)
as a catalyst. The structural characterization of the NR-MAH and NR-PLA was
conducted by FT-IR spcctoscopy. This was obscrved that the incrcasc in the
MAH contents increased the amount of grafied MAH in the NR-MAH structure.
The higher grafied MAH content induced the greater efficiency for grafling PLA
in preparation of NR-PLA. The effects of DMAP, NR/PLA wt ratio, reaction
time and lemperature in the esterification siep on the %grafling were
investigated.

Introduction

Objective

The problems of the higher petroleum cost and the huge volume of the
petroleum-based polymer wastes which are difficult to be degraded have been
concerned in recently years. To solve these problems, poly(lactic acid) (PLA),
produced from renewable sources such as corn, sugar cane and cassava, has been well
known as a biodcgradable plastic with cxcellent properties in terms of high tensile
strength and high tensile modulus. However, its brittleness and low impact strength
limits its application due to the chain stilTness at room lemperature.

Some previous works suggested that the brittlencss of PLA could be improved by
blending with elastomers. This was expected that the elastomer particles dispersed in
the PLA phase act as a stress energy absorber for PLA. Nevertheless, the immiscibility
of polymeric constituents in the blends resulting from the polarlity difference could
lead the finishing product having poor mechanical propertics. Hence, the
compatibilizer was required to improve the phase morphology in these blends

Therefore, the aim of this work was to synthesize the NR-graft-PLA (NR-PLA)
used as a compatibilizer for PLA/NR blends. The first step was fuctionalized NR by
various maleic anhydride (MAH) contents (5-20 phr) to produce NR-MAH having
higher polarity than NR. Then, NR-MAH was grafied with PLA via esterification using
4-dimethyaminopyridine (DMAP) as a catalyst.
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To Study the synthesis of natural rubber-grafi-poly(lactic acid)
compatibilizer for poly(lactic acid)/natural rubber blends
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Fig. 2 Effect of MAH content on (a) the amount of graficd MAH in NR-M:
(b A grafiing (Functionalization of NR with MAH: BPO
4 tion of NR-MAH: NR-MAH/PLA =
C for 16 h).

%PLA Graftiny
%PLA Grafting
]

E

ER

HPLA Crafting
%PLA Graing
s &

Fig. 3 Effect of
MAF/PL.

rdose of DAMP also promoted the depolymerization
high temperature
l ion time and reaction temperature could inere:
5PLA grafting,

Conclusions

P NR-PLA compatibilizer was synthesized by two steps. Iirstly, NR was
functionalized by various MAH contents initiated by BPO initiator to
produce NR-MAH. Then, NR-MAH was grafted with PLA via
esterification using DMAP as a catalyst.

P The characterization of the NR-MAII and NR-PLA confirmed by
AIRFI-R spectroscopy and titration technique indicated that the
increase in MAH contents led the higher level of grafted MAH in NR-
MAH and also induecd higher %PLA grafting in the NR-PLA

» The NR-MAH/PT.A wi ratio at 1/1 provided the highest %PLA grafiing
at 51%. The overdose of DAMP also promoted the depolymerization of
PLA at high temperature. The increase in the reaction time and reaction
temperature could increase the quantity of %PLA grafting.
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Abstract

Poly{lactic acid) (PLA) has good properdes in terms of high tenzile strength and high
tensile modntos baf the breftleness and low impact streneth behaviar limait its applications. Ta
enhanre the mpact strength of PLA, matural robber (WE) with excellent elastc property
should be applied to PLA. However, the polanify difference of these constiuents lead the
incompatibility resuliing in poor mechanical properties of PLANE blends. Thus, the
chemical moedification of WE. to ncrease its polarity is required. This research aimed fo
syothezize NR-grgit-FLA (NE-g-FLA) t0 be used as a compatiblizer for PLANE blends,
Hmmﬁs:epshwemeRgPMmmuﬁﬁzEFmvﬂRmﬁmmw .
various maleir anhydrds (MAH) contents (320 phr) to prodoce WE-MAH bhaving hisher
polarity than WF_ Them, WE-MAH was prafied with PLA via esterification wsing 4-
dimethyaminopyridine (CHLAP) as a cafalyst The strochural characterization of the WE-MAH 373
and WF-g-FLA was conducted by FT-IR. spectoscopy. This was observed that the quanfitias
af MAH grafied on WE. in WE-MAH increased with increasing MAH contents. The increaze L
in the ammmi of MAH eraft=d on NE backbone 15-20 phr mduced the srafiing efficiency of
FLA on WE-MAH (37-28%). The effect of DMAP, NE/FLA mtio, reaction time amd
TEmpaTature in esterificarion step were mvestigated.

Eeywords: polylactic acid); natural rubber, compatibilizer; hiedepradable

Polymer Processing and Composites
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Ingeo™ Biopolymer 4043D G@ NatureVWorks LLC

Biaxially Oriented Films — General Purpose

Film Characteristics/
Applications

2 ASTM
Film Properties Ingeo 40430
Ingeo 40430 — a product from — Method
MatureWaorks LLC — can be converted Drensity 1.24 glec D505
into a biaxially oriented film with use - -
Tensile Stremgth MD 18 k Dae2
temperatures up to 265°F (130°C). Ensie -
) . D 21 kpsi Deg2
This film has excellent optics, good
machinability and excellent twist and Tensile Modulus MD 480 lcps? DeB2
deadfold. These properties make TD 580 kpsi Dee2
40430 filmn an ideal candidate for Elongation at Break MD 180% Daez
candy twist wrap and octher packaging TD 100% Dae2
applications. Additional properties Elmendarf Tear MD 15 g/mil D182z
include aduanla.geous.han'.leru:_l flavor D 13 gfmil Dioz2
and grease and superior oil resistance. = or Impact 25 jodles
Polymer Characteristics Transmission Rates Crygen 875 co-mill m™-24hr-atm D424
Carbon Dioxide 2,850 co-mill m™-24hr-atm  Intemnal
40430 polymer is available in pellat Water Vapor 375 g-mild m-24hr Fi1248
form. Drying prior to processing is Optical Characteristics  Haze 7 1% Di003
essential. The polymer is stable in the Gloss, 209 an D003
molten state, provided that the — - -
srucion and drying p ures ars Thermal Characteristics  Melting Point 145-160°C D418
followed. (1) Typical properties; not 1o be construed 35 spedifications.
{3) A pmgartes maasured on 1.0 mi flm
Machine Configuration [3) Typical values for a fIm orlerbed 3.5 In MD and S¢n T
Ingeo polymers will process on er at the .
e S [T
gty with E‘;S“"E_ : fro 31 fons used in Step 1. Melt T 410+15°F 21048 °C
ratio 3
;T‘EES;GI and com Ess'lmsmtinm-:if 4. Once Ingea polymer has o
- : P purged, reduce bamel Feed Throat 113°F 450

251 to 3:1. Smoath barels are temperatures to desired set FeedTemp.  355%F  180°C
recommended. Ingeo resins will ints. -
ot Comprassion

process on conventional cast tenter .
5. At shutdown, purge machine Section

equipment that has beemn designed for L . -
OPS or OPET with minimal with high-viscosity polysyrene I Matering Section 380°F  200°C

ATEF 1807C

or polypropylene.
medifications. Optimization to your e Py Adapter 3a0*F 200°C
specific equipment may require Drvin Die 290°F 200C
MatureWorks LLC technical support. r}r g o ] . s 5 20-100 pm
In-line drying is required. A moistura VD Draw T YR TE T
. raw Temp.
Process Details content of less than 0.025% p
(260ppmi) is recommended to prevent TD Draw Temp. 160-175°F 7TO0-BO°C
Startup and Shutdown iscosi i i i
P anc L visoosity degradation. Typical drying | ot oot Oven  205-2850F 120
Ingeo 40430 is mot compatible with a conditicns are 4 hours at 175°F 140%C
wide variety of polyclefin resins, and (80°C) or to a dew point of -309F
spedial purging sequences should be (-35°C), with an airflow rate greater
followed: than 0.5 cfmib of resin throughput.
1. Clean extruder and bring The resin should not be exposed o
temperatures to steady state with atmospheric conditions after drying.
low-viscosity, general-purpose Keep the package sealed until ready to
polystyrene or high MFR use and promptly reseal any unused
polypropylene. material.
2 Vacuum out hopper systemn to
avoid contamin ation.
3. Introduce Ingec polymer into the
Page 13
Maturitionks, Ingea and the Ingen 10go are trasemarks. o regksbared trademarks In the UISA and oihar courthies, MWALED 033111
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SIGMA-ALDORICH"

@ Fluka

LT LY DA

Certificate of Analysis

Product Name:

Product Humbaer:
Product Brand:
Molocular Formula:
Muolocular Mass:
CAS Number:

TEST

APPEARANCE [COLOR)
APPEARANCE (FORM)

TITRATION {NT) HCLO4 0.1M
PURITY {TLC AREA %)
MELTING POINT
SOLUBILITY {COLOR)
SOLUBILITY [TURBIDITY)
SOLUBILITY (METHOD)
PROTON NMR SPECTRUM

QC RELEASE DATE

4-{DIMETHYLAMINGIPYRIDINE
purum

32405

Fluka

CH.N,

12217

1122-58-3

SPECIFICATION

WHITE TO FAINTLY DEIGE
POWDER TO FINE CRYSTALS WITH
LuMPS

BB.0 = 1020 %
=98,0%

Mi-1140

COLORLESS

CLEAR (<15 NTU)

16 IN 10 ML MEQH
CONFORMS TO STRUCTURE

OAFERMD

£ Clos el

Fatstiraued Schwdrzios, Manmsgpor
Cinihity Cantig!
[Suchs, Switzorknd

ndourmaaLg T5, GH. G471 Buchis (505, Hemrerinng
Tl w41 BY 755 2511 Fan- +41 &Y TS5 6240

LOT BCEBT7449V RESULTS

FAINTLY BEIGE
FINE CRYSTALS WITH LUMPS

29.7 %
9.6 %

1zg
COLORLESS
CLEAR (3.5 MTU)
1G N 10 ML MEOQH
COMFORMS

T M T gl it B Cekes e il ol valmn oy, gehblatal bl el leas imay e aisded e Bt nfemaien The cuemnl “Saten. S AT (Rt

slatdescm e pamsd Baw bt wupeting, pdearen soarka | in e bkl Sienion layma Alnh wasieegs, Pl fa panits b Le ha efematon contased @ Pk ded

Gl st b et 1 P st bl B sy o B s Sl bt T Pt il pns S rpvrrsn e of 1nimos B B8 inad et 2
s M e I b s i i L e o o A i o P e 19 et ol S e of s
& aklis b bl e o Aevaly e Prosdim b BT @ LEIEE 4400, Poge §of |

45



CO A Certificate
Of Analysis

Product Name Toluene, Grade AR
Product Code T5031-1-4001 CAS Number 108-88-3
Formula C;Hs M. wt 92.14 g/mol
Batch Number 130631-0216 Expiry 0272016

Test Date 07 February 2013 Packing 4 Liter

i Parameter Specification Guarantee

i Assay (G.C.) min. 99.5 % 9.6 %

| Colour (Hazen) max. 10 Hazen <10 Hazen
| Acidity max. 0.0003 meq/g <0.0003 meq/g
| Alkalinity <0.0006 meq/g
! Benzene (GC) <0.005 %

! Thiophene <0.0001 %

| Sulfur compounds s10.003 %

| Evaporation residie 20.001 %
Water <003 %

- Aluminium (Al <0.00005 %

| Barium (Ba) <000001 %

! Boron (B) b 5.0/600002 %

| Cadmium (Cd) <0.000005 %
Calcium (Ca) <0.00005 %

P | Cobalt (Co) <0.000002 %

| Copper (Cu) . 0.000002 <0.000002 %

| Chromium (Cr) max. 0.000002 <0.000002 %

| Iron (Fe) max. 0.00001 <0.00001 %

| Tin (Sn) max. 0.00001 <0.00001 %

! Magnesium (Mg) max. 0.00001 <0.00001 %

| Manganese (Mn) max. 0.000002 % <0.000002 %

| Nickel (Ni) max. 0.000002 % <0.000002 %

| Lead (Pb) max. 0.00001 % <0.00001 %

| Zinc (Zn) max. 0.00001 % <0.00001 %

Control by QRéC New Zealand

PEANLE N L TN Y

This certificate is an electronic copy and does not require signature
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SIGMA-ALDRICH’

Product Information

gmarsldrich.oom

WO Spruce Surmey, Sainr Lourks, MO 63103 LS

Tk (BO0) 5218954 (314) 7715065 Fac (BO0) 325-5052 O14) 15750
Eemact technenainiatoom spma-sldichonm

Proteinase K
from Engyodontium album
vermerly Trivezchivm aibum

Cataicg Number PE55E
Storage Tempearature —20°C

CAS RN 39450-01-5
EC. 3242184
Synonym: Endoprotzinase K

Praduct Description

Proteinase ¥ 3 a stable serine protease with broad
subsirate spacificity. It degrades many proteins in the
native state evanin the presence of detergents.
Proteinase K was isolated from a fungus able to grow
an keratin and the enzyme can digest native keratin
thair), hence. the name "Proteinase K. Evidence from
crvsial and melecular structure studies indicates the
enzyme belengs to the subtilisin family with an active-
site catalytc ad (Asp’ -His™-Ser*™). The predominant
site of cleavage ts the peplide bond adjacent 1o the
caroowyl group of aliphatic and aromatc aming acids
with blocked alpha amino groups  Itis commenly used
for its broad specificty. ™ The mode and specificity of
action has bean studied *

Proteinase K 15 frequently used in molecular biology
applications to digest unwanted proteins. such as
nucleases from ONA or RNA preparations E?f“
microorganisms, cullured cells, and plantz.™ The
anzyme is ypicatly used at S0-200 pg/mi in nucheic
zcid preparations at pH 7 5-8.0 and 37 “C. Incubaticn
times vary from 30 minutes to 18 hours. Proteinase K is
usually denatured by subsequent phenol extractions.
although it ¢an autodigest during long in:uballnr!s.
Catalog Mumbers P2308 and P4850 (a solution in 40%
(v glycerol and Tns buffer) are tested for suitability in
molecular biofogy apphcations.

Proteinase K has been used to remave endoloxing
bound to canonig protens such as lysezyme and
ribonuclease A" It has been used for determination of
enzyme iocalization on membranes,™ treaiment of
paraffin embedded bissue sections to expose antigen
birding sies for antibody Fabeling.m and remove
nucleases for in sdu hybndization. ™ Research en prions
in Tranemissibie Spongiferm Encephalopathies (TSE)
and proposed diagnostic tests ulilize F’mteunasem[-ﬁ?
digestion of proteins from brain tissue samples
Protease footprnting by Proteinase K d:gaslion can
reveal proten-protein surface interachons

47

Froteinase K is active in 1% TRITONY X-100 and fully
active in 0.5% (wiv) 505, SDS and urea will denature
protein substrates resulting in increased digestion rates,
Proteinase K itself is denatured much more slowly by
these agents,*"* %

Molecular mass: 28,930 Da (amino acid sequence)””
28,500 Da (SDS-PAGE)™

pH range:®? 7.5-12.0 {urea-denatured hemoglobin as
substrate), but most oflen used in pH range 7.5-2.0,

Temperature profile;® maimum eclivity at 37 °C
{In the temperature range of 20-60 °C, a minimurm
of 80% of the aclivity observed at 37 °C is
expected)

pl? 8.9

Extinction coefficient? E™ = 14.2 (280 nm,
10 mM NaCl and 5 mM CaCly, pH 8.0)

Activators: 1-5 mM Ca™ is required for activation,
When calcium is remaved from the enzyma (addition of
EDTA) 25% af the catalytic activily is losl. Howewer, if
the EDTA-Ca”" complex is removed from the enzyme
solution by gel filtration, a total of BO% of the enzyme
aclivity is last and only a smali activation will occur
upon addition of excess Ca®* to the Ca™*-free enzyme ™

Inhibitors: Proteinase K is inhibited by DIFP or PMSF
(the latter vsed at final concentration 5 mM)? itis partly
inactivated, but not inhibited, by EDTA [see Activators).
Proteinase K 15 not inhibited by icdoacetic acid, the
trypsin-specific inhibitor TLCK, the chymotrypsin-
specific inhibitor TPCK, and p-chloramercuribenzaale,

This preduct is supplied as a lyophilized powder,
Speaific activily: =30 unite/mg of protein
Unit Defnifion: One unit will hydrofyze urea~-denatured

hemaoglobin to produce calar equivalent to 1 0 pmole
(181 ug) of tyresing per minute at pH 7.5 at 37 °C

SIGMA-ALDRICH"
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