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ABSTRACT

This research is to study and improve the polylactic acid (PLA) for fiber industrial application by blending
with natural rubber (NR) and polymethyl methacrylate (PMMA). There are two kinds of NR, e.g., solid NR (SNR)
and NR latex (LNR). NR and PMMA contentswere varied as 5, 10, 15 and 1, 3, 5 parts by weight per hundred
parts of rubber (phr), respectively.For PLA/ISNR/PMMA blends, the elongation at break was similar to pure PLA,
while the impact energy,Glass transition temperature (T,) and decomposition temperature of PLA blends were
increased. Based on the SEM results, PLA/ILNR/PMMA blends showed the high compatibility compared to
PLA/SNR/PMMA. The elongation at break and impact energy of PLA/ILNR/PMMA blends were slightly increased

compared to pure PLA, while T, was decreased.

Keyword: Polylactic acid; natural rubber; polymethyl methacrylate
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TwsAan lawafiuas (ethylene-propylene copolymer) gndlafiin-aza3an (ethylene-acrylic rubber) sndaza3lalu
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PLA/LLDPE uaz PLA/LLDPE/MMT fefindwiaifisuny PLA u’%qﬂ‘§ waad19lIAaNN ANMUNUMBLTIRIVB
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T s aunuils uaaasiiaes (Differential  scanning  calorimeter, DSC) wudd1gmnn I TIRaNEN
(crystallization temperature,Tc) 983 PLA ﬁgﬂu PLA/LLDPE 8¢ PLA/LLDPE/MMT a@auﬁaﬂ%mm’uad MMT
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H. Balakrishnan wazame | @nEINIHENWORLENANLTAAUNE RO ARUAIURIILUBALT IS (linear
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. [19]= dq o \ A & a a a

N. Bitinis LRz ﬂﬂmamazwlﬂjaangmlummamzmwmaaLLaﬂmmLasmLmzmaﬁismm Tay

fuuaanlInltae vamﬁ L3R mwm‘%naulumwuquwau WRzUSHMEN9ITTINTNA LasNRUBILITITNTNAN
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sysumadainin lagszuzia ﬁ;ﬂmmﬁ'uﬁmﬂu 200 WaslaudiilaUSume19sIsuT@many 10 %lay
iwiin

J. R. Khurma wazame o ansmInaaszninaneduinanuedanuned lhfiadafiss (polyvinyl butyral, PVB)
TasATnRoNRULULANTAZANY (solution casting) @agisunumasaudsaniiolIwTys sunuile uaaed
fnas ﬂ"]qnmgﬁLﬂ?iyuamumé”mLLrT'JLmnaamﬂuaawhaahuﬁuvl,@ﬁ'@ waasliAntsanylddhnusaInad
washimes wWeimudanuilundnuosweduindnuedadimasfiiioUsunmaas PVB tindu suiidiEinasasnwed
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a13ad aunsal uaziinimaass
21 snainldlunuise

2.1.1 waRalan@nuada (polylactic acid, PLA) \n3@ 2002D

96% L-Lactide Wwae 4% D-Lactide U39 Natureworks LLC 3116
2.1.2 8195330 T @ (natural rubber)ins@ STR-5L USHN W o Buaans s1na
2.1.3 1 ptusiiauanluiingi60% DRC

(high ammonia natural rubber latex, HANR) U319 Thai Rubber latex corporation 3na
2.1 AWaRLUNALUNNAILEA (polymethyl methacrylate, PMMA)

N8 VHOO1 U3¥N Sy smile 311@

2.2 DA NRWINNIY
221 MSASHALHRNOALNDSHEN
a a & o A o A
gaslunaiaiounafiuaiuau(polymer blend) uaasaianI19f 2.1lasldiaTasuanauniolu
(internal  mixer)i% HAAKE(Ussineioasui)iianadudndnuadauanaungmngil 220asaioaldus 1w
[ & as | a a 4 0%
81 8 WINRAINNUBHINDTITUTIATIULL TN 2 35a Ao 8195330 T1GINTA STR-EL  Uazinenatn
shauanluifiogs lavldanwadaunulunseangandu s uaz L awdauiwivanednldidudzen
Urzmufenwafiwiiaiumaiiaaaiudray iunm 5 wianuiireulunmsngunay 80 saudewfl (rounds
. a 6 A = v o v A I a A & v K ° J @
per minute: rpm)wadtuainaufiaioaldgninlduadisieIssuadanmaindnass uddaildaw suda

Aa

LLajﬁuﬁLLuué'ﬂﬁqmﬁnm 190 BIFLTRLTOR LUWLIRT 30 W

UG

2.2.2 MINATDUANU RGNS JVDINDALNDIHEAN
2221 MINaFaUANUALBING

" AannAauTIRIgIgauazszaziia th 9A1A

urunedwesuaaiasonld mﬁmﬂw'ﬁumugﬂﬁwLuamummgm ASTM D638 type |
MARUAAMUBIINT 50 Taduas ianagauautanisnunindansaedadioiaias Universal
testing machine LLOYD LR10K (Uszinadingm) anuisalunisnasey 10fadiuasdawdl 1
qmﬁgﬁﬁaa (28 2IALTALTYR) FMINAREIEN 5 ASIATUIN 1 gas e ldumdadsiie
lE589uNanIITNanas

" AMAMRYILAZAMANUNIRADUIINTZUNN

iuduwedinasuauiasoaldvidaidugnuaivniasgin ASTM  D25s6uulasan
(Izod)maauﬁmm?aa Impact testing machinelnstron model PW 30 (ﬂitLﬂﬂ5ﬂﬂﬂE)ﬂ’J’l&lL§’Jﬁ"J
NAFAU3.261ATADINNNYUNN 23 BIALTALTLR NANBITI5 ATIABTUNU 1 §AT Wanflaun

PIANRROND LT INUINURANITNARD S
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oA
iuduwafwaswaunesouldaaduiunuauniasgiu D2240 NagauaILLAIEY
Shore hardness testerinstron (Ui:Lﬂﬁgdﬂqw)ﬂ@aaULLidﬂﬂ 5 ’s;'@@ia%umu 1 gﬂiﬂqmﬁgﬁ 23

DIFLTATHR YA LA NIRIANRRELND LT TN LI URANITNARDS

2222 NMINAFDUANTABIANNIDW

a

" aanpdilfgnaninzaaiaund

'
o o '

TIGra819WaRNaSHEN 10 AANTY adluazﬁﬁl,ﬁwLquLLé”aﬁwmiﬂﬂWﬁw%aﬂ e
fagefaSuunagausiLe3ag differential scanning calorimeter METTLER TOLEDO DSC822
(rzinasiaimaiuaud) T39gmnnil 30-250 asrioalFow é'mswﬁ'ﬂuﬂ'mﬁwgmwgﬁ 10 8467
wadsadeuw i moldnzudalulasian

a o

. qm‘lﬂg&lﬂ'\iﬁ&'\ﬁl(ﬂ

'
o

Taghagraneawasuay 10 Saansy asluuwaafnuuny indregefieSsunasauaas
Lﬂ%la\i Thermogravimetric analysis PerkinElmer Pyris diamond TG/DTA (ﬂizmaw%'gam%m)
7299 UnAA 40-1000 DIFNLTALTEN 5’@1‘51L‘§ﬂumﬂ,ﬁwqm%nﬁ 10 pariTaLBsadawf aole
AMzuiaulasian

1 v v
" AuaagaNIan

iurunafinainaufiaToald daiduiunuzlauiuaauuaigin ASTMD638 wiafl
gDl 100 aseumaiBoa iuwm 1 Tl MWANAI3IU ASTM D3045-92 NARELAINNUNTY

donsasdafilaswludasiaas Universal testing machine LLOYD LR10K (Uszinessngm)

a A

AN lunmsnasey 108adluasaawfl Nawnnivias (28 aseTaliod) innsnaaasti 5

9 U

ATIADTUI 1§03 e ldumaafsiNelEIN s uHanIINaae

2.2.2.3 NIANHIANHMENWTHIINING
ﬁﬂmiﬁn%umuﬁa:maauiﬂUﬁvaﬂﬁjaJ1uvLuI@1§LauL%aaLLﬁaﬁW%uﬁmﬂNam“ﬁﬂﬁuLL'i”Ju
NBILARDI %ﬁdmﬂfuéuﬁ'saﬂwagnﬁﬂﬂé’ﬂaaamﬁwu‘flunm 24 T2la9 udr12URISIENaIHIY
L34 sputter coater % Blazer SCDO40(Uszinadnians lal)ian@nmanymuen1IgmugIwinmaas
waRlwainan laondagantsaddiinaseuuuudadnie 34 JEOL JSM-5600LV (ﬂszmﬂfﬁﬂu) i

o = a ' v ¢ o o =& P
NITNITNWIBNANNLINRKT0 um ANUGNFNE 15 KV Yl’]ﬂ’]‘SU%Ylﬂﬂ’]WYleﬂ

2.22.4 NMSNAFAUANUALBINAIA
MuHwWa RN SHNRNMLOTUNTE AT UTUINUVUIA 1 x5 LTUALNAT NARBLAILLATEI
Dynamic mechanical analyser METTLER TOLEDO (ﬂi:mﬂaamﬁjaﬁmuﬁ) EULL‘LI‘.LI 3-point bending
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A15191N 2.1 gmmim'%'wwaamﬁwau

Bogas 1/Saaw (phr)’
PLA’ SNR® LNR* PMMA’
Pure PLA 100 - - -
S5M0 100 5 - -
S5M1 100 5 - 1
S5M3 100 5 - 3
S5M5 100 5 - 5
S10MO 100 10 - -
S10M1 100 10 - 1
S10M3 100 10 - 3
S10M5 100 10 - 5
S15M0 100 15 - -
S15M1 100 15 - 1
S15M3 100 15 - 3
S15M5 100 15 - 5
L5MO 100 - 5 -
L5M1 100 - 5 1
L5M3 100 - 5 3
L5M5 100 - 5 5
L10MO 100 - 10 -
L10M1 100 - 10 1
L10M3 100 - 10 3
L10M5 100 - 10 5
L15MO 100 - 15 -
L15M1 100 - 15 1
L15M3 100 - 15 3
L15M5 100 - 15 5

1Part per hundred part of resin 2PonIactic acid 3Natural rubber grade STR-5L

4High ammonia natural rubber latex 5Polymethyl methacrylate
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HARAZILATIZHNANIINARDS
34 dmgawingrvaswafimaiuaa

g'ﬂﬁ 3.1 LLammwmnﬂﬁaaqamiﬁﬁﬁLﬁnmammuda\miﬂmaawaama%wawaawaﬁuﬁnﬁnua%mﬁwmJma
FITNTATINALWARN AR ATLAa LU AT EIUA1T LLazgﬂﬁ 3.2 LLammwmnné’aagamiﬂﬁuuudaanimmaa
WORLNOSHNANVDINORLANANLATANNFNINH1ITINNUNORUANNNASLANNOATIEI% 0 Uaz 3 phr audaulas

a o & o A & A A Aa o & « Ao A A =
WaRaILdwWgnanuaInafLandntase tWsndanwustduldanan®a1natWgua9u19sITuT16 LWaslWarw12

A A a . { a a a X v o o . A & a A

AoLWEVaINaRLNTAALNNIATIAA WUINLBUSNIMUITITNTIRRNTY AR laTenINIWanafuaNAnwada

ad o o o AL a Aa & = A g A = A
WRZUNTITHT AR W LU anad mmmvl,@armmiwwummaawaamawauummﬂu;mmwumﬂmu WardSauey
mananlaglFingnsafeuunidanafuanfnLaT At wa'ﬁma‘?mauﬁmm*’ugmi:ﬁaﬂﬂdﬂ LAz W FLINTITNDNG

iwLﬂﬁﬁULWamaawaﬁLLﬁnanLL@%@W@ﬂhmﬂ%maﬁiiuma(LL@N@T@EU 3.1 Uag 3.2) WaNnTmIMItAuned

(2
o

Wwhalnasaaludsunmasi (1, 3 uaz 5 phr I ua848195550AUa2 3 phr ludIuva9ie19) uaUIunmnns
a aa &£ & a -y o A & a a va & X A a = )
WRUETITNTIAA VDY NI8N9ITITNTIRUALINE1INTz e lwanedudndnuedalad neflilaldSauifounu
wumslthensfianudnuldanunadudndinuadaninninmsleenesssuma fana laandsuaeadanand
o A I dy a s a & a a e oA = a a a
gnaaaduazTINtdnibalaunuIWasaIna BLANAN LT (muamiugﬂ&z) LALNANHINAVDINDBLUTALUNIAT
A A X A |a a A ' o o Y ' a & a a
AR Ius e NUSu U995 TTNTIAAIN (5, 10 LAz 15 phr) WuAMULTNAKldsERI1INeaLENANLaTa

o & a ¥ o Y A o da &
NUYNEWDTITUTIALISWIEIRANI ENLﬂ@lvlﬂﬂ’mﬂ'l'm‘ll?’llix"llFNN’J’JE?(@]IYILWN“IJ%

3.2 ANUABINAVAINDRLNDIHAN
wa a a & a { 1 [ a
3.21 @NTABINAVDINDALNDIHANVDINDAUANANUABANNANITINNULIISITNBIARAL

NORLHNALNNIATLAR

Aa

= HAPIUSHIMENIBIINT AN Ao AN ALTINAVDIND RLND THEN

UM 3.3 BWAAINTIWNANULAU-AINNLATUAVDINORLNASNRNUDINOAUANANLATAN NIV

U

TYWMANIANEINA JUaza1319N 3.1 ayUdraulidiBanavesnafinainauasnafuindnuadafinam

UAVLIFTTNT AN RN TN IFNITITNIN G LuwaRNaSHaNLYiNAL 5, 10 uas 15 phr(3U7 3.3(a))

L
£ & oA

3 ' 1 a dl S v U a 3/ tﬂl =) s a =3 a a a
WRUINANBARRNIZUSHARDEINI 4 Lﬂ@gL‘D%@T Nﬂ’]ﬁj@“ﬂumm‘ﬂEJUﬂUWEJﬂLLﬂﬂ@IﬂLLEJSHﬂUEEEYIﬁ NI

] [
Aada e o a

A o @ W | a & a a A ad o A
finsinananudiuldldznieweiuindnuedeniuinuewsrnmasslifinn @uaasluguf 3.1)
o 1Y a Y A a & a a A A @ =
lfinarassisrsumdonnlddasnimaafenlnizesluananefuinfnuafaniadnibniiens
syumamansadsngfadumaaduussldmslasnesrnndsenaldszoztia o ﬁ;@mwaawaamas‘
naNduwd liuaaaiadSunmedsIsur@iindnae anuudsvasnednasuauduwilinaaadiiio

a a a & a P o a = @
IV UDITITUT AL NN (ii.h’l 3.4(a)) 1%‘1]mz‘i’lﬂ’]Wﬂdd’]%ﬂﬁiﬂi:LW\ﬂ"UE]GWQQLN?J%N@&J&ILL‘WJI%&I

U

A & A a a £ P @ ad & ' A & o ' a
WWND UL TIINTIAANN DY (3UT 3.5(a)) WNemMIlnasssumasadusundanuudataanined

a A a

wan@nuade wieenaonleindusunfia (soft segment) ﬁﬂﬁmwmm”]waﬁa@;a@aa wana e

wa A

a 1 1 Y e a Al 13/ { a
FITNTANRNT R AR e wR ENNai%ﬂ?Wﬂdﬂ']%ﬂ']iﬂizLL‘ﬂﬂ“ﬂ RNARRIYY E]gNEﬂJ VN anLadTunmens

q U
aa &
DITNTIALNNYY
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gﬂﬁ 31 mwmﬂné’mqam‘mﬁaLﬁnmauuuudaamm‘naawaama‘fwamadwaauﬁﬂanua%@]ﬁwaumaﬁiimwa

2 y ¥
1SkU  18um  x1.0880 - sTREC
- -

waz woRlAalumasiaaludaaiuds 9 laglifinnunssslessaiioy (0s,0,)
(a) PLA 100, SNR 5-15, PMMA 0 phr (b) PLA 100, SNR 5-15, PMMA 1 phr,
(c) PLA 100, SNR 5-15, PMMA 3 phr, (d) PLA 100, SNR 5-15, PMMA 5 phr
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SSTREC' _ - \ A5ky

". b |
k ..

“ (b}

15kU  1Blm  %1,088 sjfec - 15kU * 18um

wadlufialmestaalueanaindd g lagdunisaslasamiis (0s,0,)

(a) PLA 100, LNR 5-15, PMMA 0 phr i8¢ (b) PLA 100, LNR 5-15, PMMA 3 phr

70 70
(a) (b)
60 1 60
50 A , ) Pure PLA 50 A Pure PLA
0 N 0
o
s E 40 1
» »
0 "]
£ g 30 A
7] 7]
20 1
10 A
0
10 0 2 4 6 8 10
Strain (%)
70
Pure PLA Pure PLA
T w
o
¢ g
n ("]
0 ?
o -
7] 7]
0 2 4 6 10
0 2 4 6 8 10 Strain (%)

Strain (%)
gﬂﬁ 33NN ANNLAU-ANLATLATDIND RN A SHRNVBINDALANANLATANHNIN NI TITNTNATINNUNO RN ABLNNIATLAN

s 1 1 = = = nal' AI J = = 2 a a a QI t&/
Iuﬁﬂﬁ?%@lﬁd 9 (a) WUV NI NI TITNTIANLN N (b) - (d) WU SUUSU WA RN RN AL ALNNT 1 1,

3 Uaz 5 phr ausauilladSun e assINTandn
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A1919N 3.1 FUUALTINRVAINDRLNDIHEN

M21 M 41 MG1 TB2 EB3 Hardness Impact energy
Sample code
(MPa) (MPa) (MPa) (MPa) (%) (Shore D) (J/m)
Pure PLA 8.13 26.43 47.74 64.98 8.13 82 24.50
S5M0 12.49 31.73 50.84 53.9 6.54 79 43.99
S5M1 9.48 24.31 38.99 40.01 6.19 79 53.15
S5M3 7.91 22.73 37.39 35.54 6.20 80 46.04
S5M5 3.16 18.13 36.56 38.31 6.20 80 31.74
S10MO 9.52 25.44 42.96 47.88 6.94 80 48.97
S10M1 9.49 23.36 38.33 42.08 7.00 77 147.18
S10M3 5.80 19.69 35.43 42.05 7.38 78 80.13
S10M5 1.73 13.03 28.94 40.17 7.92 80 69.01
S15M0 11.37 27.18 - 36.84 5.21 76 63.66
S15M1 3.45 14.17 28.07 37.75 7.88 75 113.63
S15M3 2.32 12.86 26.2 37.13 8.18 77 178.65
S15M5 5.66 18.80 32.97 37.96 7.21 76 101.76
L5MO 5.53 24.30 44 .45 45.18 6.11 80 27.52
L5M1 5.09 17.31 37.55 51.48 7.71 77 39.58
L5M3 4.00 16.05 36.06 50.83 7.69 80 33.46
L5M5 3.43 13.50 33.33 54.14 8.37 78 35.36
L10MO 7.32 23.85 - 40.73 5.84 79 37.15
L10M1 4.74 19.33 37.50 37.74 6.12 77 38.89
L10M3 6.05 20.41 35.43 42.05 7.38 77 31.58
L10M5 2.24 10.81 30.33 38.48 6.99 80 38.25
L15MO0 4.93 - - 10.67 3.00 80 30.23
L15M1 9.23 24.89 - 40.51 5.99 75 26.19
L15M3 9.34 24.20 39.45 42.66 6.81 76 29.13
L15M5 3.96 16.71 33.45 33.81 6.07 75 28.60

1Modulus at 2, 4, 6% elongation 2Tensile strength 3EIongation at break
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90 90
(a) (b)
80 1 80 1
70 A 70 1
60 1 60 -
") ")
g 50 g 50
c c
T T
& 40 - 5 40
I I
30 1 30 1
20 1 20 1
10 1 10 1
0 0 -
PurePLA  S5MO §10M0 S15M0 Pure PLA S5M0 $5M1 S5M3 S5M5
Sample code Sample code
90 90
(c) (d)
80 1 80 i
70 1 70 .
60 1 60 4
8 b
o 50 1 0 50 1
c c
T T
E 40 1 ‘“-‘ 40 A
I I
30 1 30 i
20 1 20 .
10 1 10 4
0 04
Pure PLA S10M0 s1om1 S10M3 S10M5 Pure PLA S15M0 S15M1 S15M3 S15M5
Sample code Sample code

1 ~ a a { Q’ J a
317 3.4audsvaswefineinan (@S s ufisulSnme TN ANANTY (b) - (d) WisuifisuUTMWes

a a a & o o A a 4
LUNALUNAILRALNNYY 1, 3 LLaz 5 phr AURIAULNaUIN WL TITNTIAAIN
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Impact energy (J/m)
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200
(@) 1801 (b)
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1 1
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Impact energy (J/m)
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o
1
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o

1
—
——

~
o
1

o
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~

o
1

Impact energy (J/m)
P (=) (o] g
o o o o
L L | L

~
o
1

o

Pure PLA S5M0 S10M0 S15M0 Pure PLA S5M0 S5M1 S5M3 S5M5
Sample code Sample code
200
(e) 180 (d) -
160 1
I
| £ 140 -
>
:;o 120 4 I
g 100 :
(V]
= T E 80 1
T Q
E 60 - 1
: =
40 A
20 1
0
Pure PLA S10M0 S10M1 S10M3 S10M5 PurePLA S15M0 S15M1 S15M3 S15M5
Sample code Sample code

A @ a & ~ a ~ ad a £
31N 3.5M89UMINTTUNNVDIWDRLNDINEN (@)L I8 UNBUTUN 9T ITNTI AN N Y
ol a ~ a A a a & o o A A
(b) - (d) 1IpuNBUYINMWARLUNALINIAILAALANNUK 1, 3 LAz 5 phr enuF1aULLaUINIA
P19IFITNTIRAIN
= NaPaIUSH TN ALNNALNNIASIAAN A A ANTALBINAVDINDALNDIHEN

d' a s a 6 £ a a 6 o d'

AR IITMINTINANUFUN TR VLA U-AINNLATIATBIN RN ATHEY Laurinn1 Tl aouulas
UIuwaslunatuniaILae (1, 3 was 5 phr) I@Uﬂ’%mmmaﬁﬁumﬁﬂaﬁﬁaLLa@alugﬂ 3.3(b) - (d) A
W lainnsiindTunaresaidszas (Wadluiaiuniasiag) sanaliauiaidinavasnadinasnaui
LLmMuaﬂaavlaJiw:Lﬂuﬁmagé’a @hmmﬂu@iauidﬁagaq@ WaTITHzHa 39919 F997199LUHANIN
AN W b beTERIN N EvaINe R LENANLATALATHNITITNTIANINNEN bT19d % waag19lsianw

' \ o a ° wa A A ' A A a
wuimslaansadszauludiinaei g misassvassntadnadsuwudadliunn SadiaRansamann

ToyaanvUusN T IWINGT (3UN 3.1) Funadnlainmsidunedwfawnmasiaaludsunm 1-3 phr

& &

& a v o o ' A & a a aad
UURIVBINDRLNDTHRNTANVITIY AU LATER NI NIV INARLANANLOTALATHNITITHTIAAUL
lagInadam I URounlasesau A InanIntn annywdsvadnadiyasnauduui lduanadie

a ady oA & P ] = ' 5 ' @ a
USnueasrsnm@nladiniu (Ui 3.4(0) - (d)) udadnalsnaaunuimsladmdemuiiununaduin

[V
v A A

ANLOTALRZ NI TITNTNA LN FINAAaNITURULUIAIANNUTININGN NITLTaINNaFLENGNLETA

LmzwaﬁLuﬁamm@ﬁmmﬁmﬂuwmaﬁnﬁﬁmmLLiagja@h BN NIbENaRLNANNNIATIAA T u1
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19 o P @ . @ a v a & {  |a o
HasdelidsnadafaInan’ wasuMINIzUNNYaINaANasNaN T um sk ANInaUS I AU sz A
a £ { < A & a a a
WANTB (FUN 3.5() - () aunaznifalagge laslunsdiveswafudndnuadanaues19o3Iu@ 5 phr
1ﬁﬁwwé’amum%mumnggaﬁgmﬁﬂ‘%mmnmﬁuﬁaﬂizmu 1 phr LTWAINUNINEUNBRLANANLETAND

PTITNTIG 10 phr U AN ALANANLATANNRNTINNLIITITNTG 15 phr PAAIWAIINUNNT

'
A a [

nIzUNNgIgahn Ju1mAUTER U 3 phrow FAFIUNSHENI TFINAINANNEINWIFTERINWaNT 3
Y9I WORKANANLATA B1ITITUTIH WAL WORLNARNNIATIAN RINITDLIINW LA ﬁmamlugﬂﬁ 3.1

@ &< o Al a o A & A a a & a A
maﬁ]’muuwmmumimumﬂa@mL;JaﬂsmmmﬂizmmwmumuummyﬂLWamﬂmuwmimﬂugﬂw
3.1) defanianTouifisudagaannianuidu-anueion SIAWSNwMINIZUNNgs Audled
nnaNud-anaeIEanITeEiiinn winanmasasnlanaulduaasanuite lasmananlslunis

atuoazatunuluiiteru A TinNTauda

322 auTABINAYDIND AN THANYDINDALSNANLBBANHANIINALININILAE N A INTAALNNASIAR
" pazasliunamingeiiideantiaBinayaine Amatnas
gﬂﬁ 3. 6LEAINTINANLAU-ANNLATIATDINE RN BN ENTBIWORLENANLTATINENIINAL
WA ST EIung Juaza1 TR 3.1 a;ﬂ@hauﬂ'ﬁL%dﬂamaawaﬁmai‘wamaawaﬁuﬁnamm%@ﬁwau
sufunsnadefasonmslaiignslunedwafusuringu 5, 10uas 15 phr azfinldimsiuyTunm
‘L‘Eﬂmae’mNﬂlﬁLL%ﬁM&J“ﬂmmmwwmmﬁaguqma:iw:ﬁﬂ T ATVIANARIDLIININ ue Ll nadad
NBQARYBINARLNDTHAN vaftenatfiesunananudhiuldanitmeduininuedauaziinens Gsfna
ldandayadnumzduguing, (g‘ﬂﬁ 3.2) aSsuifisuiunedme s naNingus A UEITITNTE
(Eﬂﬁ' 3.1) wuimslfihensianudhsulatuneduindnuadaunnninmsldensssumid wansiined
Lmai‘wau'ﬁ'waumaﬁswmafuﬁmwmmmﬁagjdﬁg@ uazszezia ﬁ;mmﬁmﬁand’] (gﬂ'ﬁ' 3.7(a1)uaz
(b1))0NUNTZLITFINT BI85 UUss IdanIhns st A Eanasinana3eddunnnindnainuuds
yoswadmofnaniiuwi lduaaaseUsunaminenafind (g'ﬂﬁ 3.8(a)) WAZATWAIIIBNNIINTZUNND
wwn luRndwd st asihensindu Lwigaq@ﬁﬂ%mmt{ﬂma 10 phr (g‘ﬂﬁ 3.9(a)) Wasanmaduln
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g a = a a ' v & a s a v s v
@?ﬂﬂ']d“ﬂadwaﬂLLaﬂ(ﬂﬂLLa‘ﬁ(ﬂ‘ViG‘VQNa’%ﬂ']ﬂEI’N‘HGVLQJLﬂ(ﬂﬂ'ﬁﬁmﬁEI@]’J‘ﬁﬂd'ﬂ?ﬂvlﬂiﬂwadd']uﬂ?’]&liau WWINEdin e

flasnua aawafﬁuﬁﬂamms’ﬁmag’ TauNITRNLRASTATNNIIANTDOUYDINDRLNDTHANHH 819NNANIINNANY

Sousnnsoanslonll ﬂ'\‘iatgmﬂmﬂﬁmamu nTunsivdszintannms

TAuAnafwasnayle

dnolaunasanuainuion

A1519N 3.2 RVLANTFAIAINIIANNTOUVBINARLNOTHEN

1

Sample code T, T...

Pure PLA 334.3 376.2
S5MO0 342.0 378.0
S5M1 341.0 376.0
S5M3 345.0 381.0
S5M5 348.0 380.0
S10M0 3425 377.7
S10M1 343.0 377.0
S10M3 343.0 382.0
S10M5 347.0 381.0
S15M0 343.0 377.0
S15M1 342.0 382.0
S15M3 343.0 381.0
L5MO 335.5 367.7
L5M1 332.0 372.0
L5M3 339.6 375.4
L5M5 339.3 378.0
L10MO 333.9 3741
L10M1 336.1 364.0
L10M3 335.5 372.3
L10M5 337.0 376.0
L15MO0 332.2 3743
L15M1 330.0 377.0
L15M3 331.4 374.9
L15M5 331.0 375.0

1 " 2 .
Initial decomposition temperature Temperature at the maximum mass-loss rate
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a a a s 1 1 = = a ntdl tal ! = =
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a a a a a & o o A a a d
I UNBRLUNALNNIAILAALANNT 1, 3 WA 5 phr AN UL AUV U TITNTIAAIN

AN 3.3LLamqmvaﬁLﬂﬁﬂuamumﬁwLLﬁaqm%QﬁmiLﬁwﬁﬂ qm%nﬂﬁmimaummwﬁmmz

& & & =2 a I3 P a % a & a
LﬂaiL‘ﬁ%@ﬂ')']NLﬂuNﬂﬂ“ﬂadWﬂaLNaiNﬁNLLﬂ$ E‘Ll"fl 3.12 LLﬁ@NL'Y]aﬂlll,l,ﬂill“ﬂaﬂWﬂﬂLNaiNﬁN“ﬂaﬁWﬂaLLaﬂ(ﬂﬂ

a tdl a s a a a s 1 1 a =3 a a a taf ' s
LOTANNEN EJ’Nﬁ?iﬁJ’H'](ﬂi’JﬁJﬂ‘U‘WﬂﬂLll“/]ﬂLNﬂﬁﬂﬁLﬂﬂlua@liﬂﬁ'}%@'}G 9 IﬂUTg"ll (’N‘WﬂﬂLLﬂﬂ@lﬂLLﬂsﬁﬂﬁJiﬁ‘!“/}ﬁL‘ﬂ’]ﬂU

62.97 BIFLTALTUE gUUNIMITAANAN(T,) (AL 133.06 e TaiTus UaT, LYY 155.51 adaTaiTus

MUY
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A15191N 3.3 qmwnﬂﬁmawamu:ﬂﬁwuﬁa, qm‘mgﬁmﬂﬁ@wﬁﬂ, qmmnﬂﬁmwaaummwﬁﬂ

6 6 & =3 a 6
ezt oIt suaa NN UNENVaIND RN TNEY

Sample code T,°C)’ T.(°cy’ T, (°c)’ %Xc"
Pure PLA 62.97 133.06 155.51 11.30
S5M0 63.19 109.49 158.52 24.39
S5M1 63.58 124.05 155.26 4.40
S5M3 63.54 120.08 156.90 17.32
S5M5 63.36 118.59 155.56 18.38
S10MO 63.10 109.00 158.04 27.84
S10M1 63.51 121.05 156.68 9.08
S10M3 63.58 117.58 156.24 11.30
S10M5 63.71 119.71 157.16 14.44
S15M0 62.48 108.30 157.85 55.10
S15M1 63.48 115.27 156.55 11.79
S15M3 63.74 114.13 157.56 20.31
S15M5 63.92 118.43 156.53 23.61
L5MO 60.69 124.11 157.02 17.66
L5M1 61.01 121.40 155.79 14.66
L5M3 61.60 123.36 157.37 19.96
L5M5 60.57 120.07 156.26 18.04
L10MO 60.81 121.15 159.36 21.66
L10M1 59.98 113.45 159.31 34.13
L10M3 60.01 118.63 157.47 23.99
L10M5 61.07 123.42 156.79 13.33
L15MO 60.12 114.05 159.44 51.62
L15M1 60.96 125.40 158.50 10.55
L15M3 60.88 124.09 157.21 11.00
L15M5 61.73 118.10 159.16 21.59

1Glass transition temperature 2Crys’[allization temperature 3Mel’[ing temperature

AHp pLa—AHcpLa

*Percent crystallinity= ; AHp, ppa = enthalpy of fusion of PLA (J/g)

Hm(ideal),pLaX(XpLa)
AH¢pra = enthalpy of crystallization of PLA (J/g), AHp(igeal) pra = enthalpy of fusion of 100%

crystallinity PLA (93.7 J/g), XpLa = weight faction of PLA
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A1519N 3.4 NMIUUAIVANNTDOUVDINDRNATHRY

Tensile strength(MPa) Elongation at break (%)
Sample
Before After o Before After o
code ] . % Retention . . % Retention
aging aging aging aging
Pure PLA 64.98 38.77 59.66 8.13 7.66 94.22
S5M0 53.90 19.98 37.07 6.54 3.53 53.98
S5M1 40.01 34.94 87.33 6.19 4.79 77.38
S5M3 35.54 33.61 94.57 6.20 4.48 72.26
S5M5 38.31 24.53 64.03 6.20 5.17 83.39
S10MO 47.88 15.56 32.50 6.94 5.14 74.06
S15M0 36.84 11.44 31.05 5.21 4.70 90.21
L5MO 45.18 14.16 31.34 6.11 2.25 36.82
L5M1 51.48 21.37 41.51 7.71 3.25 42.15
L5M3 50.83 23.94 47.10 7.69 3.30 42.91
L5M5 54.14 19.75 36.48 8.37 5.20 62.13
L10MO 40.73 8.08 19.84 5.84 1.50 25.68
L15M0 10.67 4.15 38.89 3.00 1.28 42.67

1% Retention = (properties after aging/properties before aging) x 100
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e &

fwainssasriiadaninanliudaluinda 3.3.2uazd T ldandaya DMA fuwilsiuldlufiemadoaiuiunn e

IMNN1INGRDU DSC

A13191 3.5 FNUATINAIAVDINDRLNDTHEN

Storage modulus Loss modulus Loss tangent at 0 4

Sample code o o Tg ("c)
(MPa) at 25 “c (MPa) at 25 "¢ maximum of tanO

Pure PLA 2985.21 130.45 1.33 50.1
S5M0 3463.74 245.24 1.49 51.0
S5M1 2864.32 263.43 1.28 50.9
L5MO 2194.61 1000.04 1.19 48.5
L5M1 2354.00 415.35 1.18 48.0

1Calculated from temperature of maximum of tan 0
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m’mgmaam%aa internal mixer = 300 N3Y

pneaBIRWIUgaT S15M3 15 waludndinuada (PLA) 100 phr
#195IINTIA(SNR) 15 phr }vﬁmm 118phr
WORLUTALNNIAILA® (PMMA) 3 phr

IWTMzasiwnntndldae pLa = 22300 ooy oandy

118
15 X254.24

100
3 X254.24

100

SNR = 38.14 n3W ITIRNA 300 NTN

PMMA 762 N3y

WaRLUNIALNNIAILE® (PMMA) 5 phr

pneaBIfWIUgaT LsM5 15 waludn@inuada (PLA) 100 phr
#819(LNR) 5 phr } FIUNIARUA 110 phr

& ¥ o AN oA 100 X300 °
INIITRE BTN TR e PLA = ——— = 272730
5X%X272.73 o v o
LNR = T =138.14| n7¥ FIUNIRUG 300 NN
5 x272.73 .
PMMA = — = 763 03y
100
weitine9nle s %DRC' = 60%
& . L ¥ 38.14 X100 .
ez dostnihon = —————= 63.56niu

1 a & o Ada v :’
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. Science Farum 2012

Production of conducting natural
rubber composite hy graphite
waste from metals smelting industry

Amornthep Klayhan!, Sarut Thong;grecha‘

and Sirilux Pocmpradub'-

! Department of Chemical Technology, Faculty of
: Science, Chulalongkorn University;
* Center of Excellence on Petrochemical and
Materials Technology, Chulalongkorn University;
Tel: 0-2218-7518, e-mail: sirilux.p@chula.ac.th

The- effect of grapaite content on electrical
conductivity and mechanical properties of natural
rubber composite material was investigated. Carbon
black was used a reference. Characterizations of
graphite were verified by proximate analysis, CHN
analysis, thermogravimetric  analysis, X-ray
diffraction and X-ray fluorescence, respectvely.
Cure characlerislic of rubber compounding by using
sulfur system for vulcanization in various filler
loadings {5-40 part per hundred rubbers: phr) were
performed by a moving die rheometer. The
mechanical properties and thermal propertics of
composite materials were examined in terms of
tensile strength, tear strength and hardness,
respectively. The electrical properties were also
tested by four point probe and the morphology of
composites was illustrated by using scanning
electrons microscopy.

Keywords: Carbon black, conducting polymer,
graphite, nalural rubber

Study the application of chitosan
membrane in DMFC

Phansa Tungwaltanapipat', Danupol Ngamsittisak'
and Khantong Soontarapa

'Fuel Research Center, Department of Chemical
Technology, Faculty of Science,
Chulalongkorn University;

Tel: 0-2218-7678, e-mail: khantong(@sc.chula.ac.th

This research aimed to develop a direct methanol
fuel cell (DMFC) as an alternative electricity
generaling device, The DMFC in this study used the
acid treated commercial chitosan membranes. The

42

pulladium (Pd) catalyst was loaded on the membrane
by clectroless plating technique. The plated
membrane was sandwiched between two carbon
papers for hot pressing to prepare as a membrane
electrode  assembly  (MEA).  The DMFC
demonstration unit was designed and [abricated for
testing the membrane performance. The EDX result
showed the existence of Pd catalyst on the
membrane. The membrane proton conductivity was
measured to find the optimum plating condition. It
was found that the proton conductivity at optimum
condition of 303 K was 0.0198 S/cm. The optimum
condition for hot pressing was at 35 kg/em” and 333
K. The open circuit volt of 41 mV was cbtained
from the 1 M direct methanol single cell.

Keywords: Chitosan membrane, Pd, electroless
plating, DMFC

Morphological, thermal, and
mechanical properties of polylactic
acid blend with natural rubber and

polymethyl methacrylate

Wuthiphong Dechatiwong'
and Sirilux Poompradub™

' Program in Petrochemistry and Polymer Science,
Faculty of Science, Chulalongkorn University;
2 Department of Chemical Technology, Faculty of
Science, Chulalongkom University;
* Center of Excellence on Petrochemical and
Malerials Technelogy, Chulalongkorn University:
Tel. 0-2218-7523-5, e-mail: sirilux_pf@.chula.ac.th

The polylactic acid (PLA)mnatural rubber (NR)

composites blend together with polymethyl
methacrylate (PMMA) were prepared in an internal
mixer. Two kinds of NR were used, i. e.. NR latex
and solid NR. Due to the poor compatibility between
PLA and NR, PMMA was used as a compatibilizer
in this study. The PMMA acd NR contents were
varied. The marphological studies of composite
materials were investigated by scanning electron
microscope. Thermal and mechanical properties of
composite materials wers also investigaled by
thermogravimetric analysis and universal tensile
testing, respectively.

natural rubber,

Keywords: Polylactic acid,

polymcthyl methacrylate
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