35ws Tulwil : msdSudjsanudidulduazanumiisrvesnedwesnoyIndn
sENINNTHoIR UNORUANANUOTA (IMPROVEMENT OF COMPATIBILITY AND
TOUGHNESS OF SAWDUST/POLY(LACTIC ACID) COMPOSITES)

/e 1R v 1 o o 9
mmsa‘nﬂsnm : Q“ﬁ?ﬂ?ﬂ’dﬂiﬁﬁﬂ AT.ABPUI ‘01§ﬂ1%i, 152 riun.

v y [
4

= S d4 a g A A 'K o '

Tumsfnuil waliosgninsonlveglugiveswsdidooi luiumsaamlsuagru
o Y o o J o ) [ dyd' A 1Y v o 4
msaaudsdremsiidan latiadu dmsunsvidesnrunsaaulsalrenisiioan las-
o Y A w ¢ /3 o
iU Helieegnaaulsaleaisazate Tmdon leason laaanududu 2 5 uaz 10 Wesikud

:I @ a [~ a a d 4 a
TaetimineedSuins 1umat 30 iag 60 W17 HAINNITAATIZHBIAYTEABUNINAN M5

a d ] d o a d 3’ Y] 9 9 Y ' Y] o
Ansrzvingilandu uazmsuasiziiminnelannudou uaasliiruimdinnmsaauls

9 o w d Y] a a a a dy;!' ) ] 9
ﬂ'JfJﬂ’ﬁVl’l@ﬁﬂ’l]lﬁULcﬂ‘lfu ‘]Jﬁll']ﬂ!!@ul"ﬂﬂgiﬂﬁllﬁgﬁﬂuu"U'ENW\T"Ulﬁ@ﬂ‘ﬂ”’]ﬂﬂﬂl!ﬂﬁﬂ?ﬂﬂ1i

9

o o ' o o T ad i
Vl'l'f)ﬂﬂ'lllﬂljl“]ﬁ)'Uﬂﬂﬂ\iﬂﬂ'l\?ﬁuﬂﬁ1ﬂiy ﬂTWﬂ'lfJ"l)'lﬂﬂ%i’)\iQﬂ'ﬂ'i'iﬂﬁ'ﬂmﬂﬂiﬂullﬂﬂﬁﬂﬁﬂiWﬂ

Y g v ‘ﬂy a dyd' A [ 9 o w J @ A
Llﬁﬂﬁﬁlﬁt’ﬂu'J'IWHW'W’OQW\?‘ULWOEWIW'luﬂ']iﬂﬂll‘l]iﬂ'Jﬂﬂ'li“’l'lﬂﬁﬂ'lvlﬁulcﬁﬂfuaZ@'lﬂ HaguANY
v d’lé Ay 1 [ 9 o o d 1Y [ 9y
"lJ?Ui%ﬁJ'lﬂﬂ'ﬂW\i“U!ﬁ@fJﬂthN']uﬂﬁﬂﬂllﬂiﬂ')ﬂﬂ'liﬂ'li)aﬂ'l‘lﬁulclfﬂfu Tﬂﬂﬁﬂ'nzﬂﬁﬂﬂllﬂiﬂﬁﬂ
o w ¢ o A A Y v a ¢ sd o
msmaam"laum“vummmmu i3 ﬂ'J13J!‘111J‘IJHﬁ13ﬂ$ﬂ?ﬂi“}{mm\l‘lﬁﬂﬁ'ﬂﬂ"l‘ﬂﬂ 2 L'Ll'f)'il“lfﬂ?l

cy CY a 3 =1
TasiminaedSuias lWunal 30 win

Y 1
1 ] =

a 4 a T a a = 4 @
‘Wﬂﬂmﬂiﬂ@lliWﬁ‘ﬂ52%313W@ﬁllﬂﬂﬂﬂu@°ﬁﬂlm$N\?%Lﬁﬂﬂﬁ’@ﬁﬂﬁ?u@ﬂﬁﬂ A9 80/20
t4

d 3 o g’ o =3 Y A v A [ a

70/30 uag 60/40 1o3iEuA Iaginiin grInTeNABIAG 090AI AL UANRLATTUIUNATDL

a 9 4'1 = 13 A' = dyd' a [ R [ 9 o w d o
grmssudenIeRavugl elsunanstimosn lukunisaauds Aremsiidan Tadwdu
a g 1 o 1 o [ a a a a VoA g
Ay AweadusIie Laz AR daus ina Iasvoaneduandnuedanon Indnlinuiuiy
HAAANUAIUNTIAT AANUAULTIFATAY MANUATUMIUADLTINTZUND UazAIANDA-
qaqa o 3AvIAaans ANwadesaenuieuvesneiuaninuedanoy Indnanasodis

1 A A a dyﬂ' ~ (K] o 9 o '3 o a dy a
GI’OL‘N'ENLuﬂﬂﬁﬂﬂ!‘ll’t)\‘m\ﬂllﬂﬂﬂﬂulﬂJN'luﬂ'liﬂﬂu‘lliﬂ')f]ﬂ'lﬂ’l'lf)ﬂﬂflﬁﬂ!“]f‘]fﬂlwuﬂlu UNY

a

a 9 a a = a d‘ v =\
wWasuanIwung uazqmﬂﬂumwaﬂnmmmmwaauaﬂmmmw"lnunmﬂaﬂumlm@mm

Y

Y s v
v o o =

a a A T o y o o ¢ v A A J ~
uﬂﬁ'lﬂﬂum'lﬁJ'IJﬂJ'lmPN"ULﬁﬂ‘(’]'ﬂ.lllN'I‘LJﬂ'ﬁﬂﬂl!l]iﬂ'JEJﬂ']'iVI'Iﬂﬁﬂ'l‘lﬁul“]f"]fuﬂl‘WﬂJ“U‘L! 6l‘ln!‘;ll‘ﬂ‘!g'l"l

}4

o =3 a & a =3 a a ) A a dyd'
QUNJUNMTANNANIWNYY 1Jﬁnmwaﬂmm‘wammﬂmmm%aﬂmwaﬂimmmmwwmmm

D

[ Y] 9 o o 4 o a 4? o j‘ a dy-d‘l ) °
Turumsaaulsarenisiidan lasisumuay n1sdaulsnuRIvensdidosd 10139
@ 4 o (] 1 [ wva ] a Py
gan lnlivdudinasemsUsudyeauiianina uazanuaiesaonnuiouvesnoduanan-

a a y a o a v a a a Y A {1
uodanoy Indn uonNiiwoawosnoy INANTEH ININBALANANLDTALAZHIVADYNHIY

o o Jd o a a a a { ' a 4
msaaulsaromsigan ladwduuaalSnaninvesweduandniedangniinenues



II

Y [
aou Indnsznnaneduaninuedauazneifosn ldumsaaudsarensiidan latlasu
v 9 da o v Y ] [ dyd' 9
ANAYIINNA0IYANI SAUDANATOUNVVABINT IAUAAI I UNMIAAUY T HIUDOIAIIMS
0o w d o s Q2 a a4 a a 4 1 zsyd' a a a
moan ladduilsvlyemstadanusnadumesilassniansitosuas woduananiueoda
Y] ¥ 4 a a a a 4
tazMIuanavsInsdaos luneduananiodamuns nd
aa ad a 9/ d' [ =\ a a
weaihsauezanlalameaswnusa gnlmwedsulysnnumilervesneauanan-
a = A o aa aa a Q' 421 1 A
wodanon Indn WolSuruneddrFauszanlalamos wnusamuiy A1n1uTagIge o
v 9 v
9978 LazMANUAIUMUABLS INsTIMNYRINRANanAnueFanow Indnmuyy Tuvashia
ANUA LT IAT ANBAAALS IR AINUAILUS A TR uazAwenddus I TAIanal AW-
1 Y
ErRgsAANN DUYBINBALANANIETAnaN TN ANINNTUMNYT Ve INedT TaverAle-

a a

v ¥ v
Tamesnnusanmuiv gamgiildouannudiuazgaungiinsnasumalrvesneduandn

Y
v

=1

a a d a a ] & v o W =) aa ad a
wedalunedwesaey Indnidsunlasesns lulivsdrandolsuanedtrsauezanlala-
A g a a a a a 4 a
oIS NN USRI Y QuugiinsanninvesnaduananuedalunefimesnouIndnanas
A (a =< a a a a o a a d? A a aa a
luvazRdsununanvesneduananuedalunedwesaon Tndniyviuiiolsuaweaias-
a a g J da g '
Auoraila TnmolsnnusAMudy MINE1891NNABIYANI SAUBIINATOULLIUTBINT 1A UAAS
anbuzvesmsuanvnuuumiler luneduandnuedanoy Indnniimsdsuleanumites
y aa ad a
ArewanlIsauszAla Jamelswnise

Y o

a a a [ a d @ o

woduandnuedansmiuasnueulelasgalfiumsdsudiennudiuld uas

a a a a d Aaa d A d < o ey o
Ysmmvesneduananuedansiuadnueuleles fio 3 5uaz 10 Woesitualagiimiin
a 4 a aAa o Y w Y wa = v 9 a
wotwesnen Indnnimsusuilysnnudhiu laliaudidmena uaganuadosdeanuoun
1 a 4 a { ' o @ a a a a (4
ganimedwesnen Indnd lufimsdSulgsanudiduld Usuaneduananuedans -

aa o o o [ Y o 9 a o a '
wdonueu e las iz audmsumsdsulysnnudniu ldveswefwesaou Indnsening

a a a dyd'l d' o =) b aa ada a

woduanAnueFauas TR osNUT VY In UM teInIenealFaues Aula Tameiswnusa

A ¢ < :‘ @ A a a a a d aa ¢ a tg
fin 5 1lesiuTaeimiin iedSuaneduananuedansinuntonueonlelasimuiy
gangii/feuaniwuii gungimsvasumal uazguugiinsankanvosnoduananueda

a o a { |a a a a a o’ a
TunetwesnonIndnanas TuvazilSuandnveaneduandnueda luwedmesnow Tndn
A g [ da o 1 o v = a a d
Ay nwaiennndesgansseisianasounuudownsIntuduwefuandnuedans -

wadnuenlalasiSudzennudriuldvesnonIndn

I

- |

Y
a a a o LY A
A1V1I¥ AAINTTUNOALUDT Medlo¥orinfny A T‘ﬁm

A Ia

Umstinu 2556 Medo¥oo1913oNUS M1 m‘m'um

X




JIRAPORN NOMALI : IMPROVEMENT OF COMPATIBILITY AND
TOUGHNESS OF SAWDUST/POLY(LACTIC ACID) COMPOSITES.
THESIS ADVISOR : ASST. PROF. KASAMA JARUKUMIJORN, Ph.D.,

152 PP.

POLY(LACTIC ACID)/SAWDUST/COMPOSITE/ALKALI TREATMENT/
POLY(BUTYLENE ADIPATE-CO-TEREPHTHALATE)/POLY(LACTIC ACID)

GRAFTED WITH MALEIC ANHYDRIDE

In this study, sawdust was prepared as untreated sawdust (UT) and alkali treated
sawdust (AT). For AT, sawdust was treated with 2, 5, and 10% w/v sodium hydroxide
(NaOH) solution for 30 and 60 min. Filler composition, functional group analysis, and
thermogravimetric analysis results showed that after alkali treatment, hemicellulose and
lignin contents of AT significantly decreased. SEM micrographs revealed that surface
of AT was cleaner and rougher than UT. The optimum alkali treatment condition was
2% w/v NaOH for 30 min.

The composites of PLA/sawdust at various ratios of 80/20, 70/30, and 60/40
w/w were prepared using a twin screw extruder and test specimens were molded using
an injection molding machine. With increasing UT content, tensile modulus and
flexural modulus of PLA composites increased whereas tensile strength, flexural
strength, impact strength, and elongation at break decreased. Thermal stability of PLA
composites was continuously decreased when UT content was increased. With
increasing UT content, glass transition temperature and melting temperature of PLA
insignificantly changed while cold crystallization temperature was increased. Degree

of crystallinity of PLA was decreased when UT content was increased. Alkali treatment



v

improved mechanical properties and thermal stability of PLA composites. Additionally,
AT/PLA composites exhibited higher degree of crystallinity of PLA than those of
UT/PLA composites. SEM micrographs showed that alkali treatment improved
sawdust-PLA interfacial adhesion and dispersion of sawdust in PLA matrix.

Poly(butylene adipate-co-terephthalate) (PBAT) was used to improve
toughness of PLA composites. With increasing PBAT content, elongation at break and
impact strength of PLA composites were increased whereas tensile strength, tensile
modulus, flexural strength, and flexural modulus were decreased. Thermal stability of
PLA composites was improved with increasing PBAT content. As PBAT content was
increased glass transition temperature and melting temperature of PLA in the
composites insignificantly changed. Cold crystallization temperature of PLA in the
composites was decreased whereas degree of crystallinity of PLA in the composites
was increased when PBAT content was increased. SEM micrographs exhibited some
features of ductile fracture in the PLA composites toughened with PBAT.

PLA grafted with maleic anhydride (PLA-g-MA) was used as a compatibilizer
and its contents were 3, 5, and 10 wt%. The compatibilized composites had higher
mechanical properties and thermal stability than the uncompatibilized composite. The
optimum content of PLA-g-MA for sawdust/PLA/PBAT composite was 5 wt%. With
increasing PLA-g-MA content, glass transition temperature, melting temperature, and
cold crystallization temperature of PLA in the composites were decreased. However,
degree of crystallinity of PLA in the composites was increased. SEM micrographs

confirmed that PLA-g-MA improved the compatibility of the composites.
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