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50402202 : MAJOR : POLYMER SCIENCE AND ENGINEERING

KEY WORDS : POLYLACTIDE/PLA/BIOPOLYMER/RING-OPENING POLYMERIZATION
KAMOLTHIP BOUA-IN : PREPARATION OF POLYLACTIDE BY RING OPENING

POLYMERIZATION OF LACTIDE. THESIS ADVISOR : NATTAWUT CHAIYUT, Ph.D.. 92 pp.

This study was about to produce lactide and high molecular weight polylactide
(PLA). Polylactide (PLA) is a biopolymer that can be prepared by ring-opening polymerization
of lactide. Ring-opening polymerization was accomplished using catalyst with addition of
luaryl alcohol. This study was about to investigate the effects of type of catalysts, reaction
pressure and reaction temperature on the synthesized polylactide. Three different catalysts
were tin(ll)octoate, tin(ll)chloride, and titanium(IV)butoxide (TNBT) were used for ring-opening
polymerization. As-synthesized products were characterized by 'H-NMR, FT-IR and
MALDI-TOF mass spectrometry. The results showed that as-synthesized products were very
similar to lactide and polylactide characteristic reported previously by other researchers. The
melting temperature of as-synthesized polylactide was in the range of 130-145°C.
Furthermore, as-synthesized polylactide could not be dissolved completely in many solvents
there are just some parts of PLA can be dissolved. Therefore, as-synthesized polylactide
could expect to be high molecular weight. In addition, soluble part of polylactide in THF was
then characterized by GPC. Moreover, insoluble polylactide was filtered and weighed. With
increasing temperature and reducing pressure more residues were collected. Percentage of
filteres residue of obtained-PLA obtained from tin(Il)chloride catalyst is higher than that
obtained from tin(ll)octoate catalyst. The suitable condition of ring-opening polymerization of

lactide was 180°C, 60 and tin(ll)chloride as a catalyst.

Department of Materials Science and Engineering  Graduate School, Silpakorn University Academic Year 2009
Student's Signature ..........cccceevcveeeeiniieeeeneene,
Thesis AdViSOr's SigNature .........cccccceeeveiiiciiieeeeneenn.
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2.3.2.2 Azeotropic condensation polymerization [6, 13]
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2.3.2.3 Solid state polymerization [6, 14]
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Intermolecular back biting reaction
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2.3.2.4.1 Cationic polymerization [1, 6, 8]
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Auavlidvesnoauan Ing mstSulgalFludunssyiaat
Deadfold, twist Ll crimp Improved folding and sealing
High Gloss & Clarity Package aesthetics
Barrier Properties Grease and oil resistance
Renewable Resource Made from CO,
Flavor and Aroma Properties Reduced taste/odor issue
Low temperature, Heat Seal Stronger seals at lower temperature
High Tensile and modulus Wet paper strength, ability to down-gauge coating
Low COF, Polarity Printability
GRAS Status Food contact approved
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= \ =S A
- IANUAINUADNITANTA
a Jou a P = .
woauan IndsalunodmeoinlaA modulus g9 TAsliA1 tensile modulus
5 (Y 1 1 q
Us23188 3500-4000 MPa HNeVAUA1 modulus Yo PET 1130 wa lawly uazlianiuaes
Y
MIvBINeaENAaY 1T polypropylene (PP) 130 high density-polyethylene (HDPE) Fariuih
o o 1 o a . o
11 pLA T lghunuildunuuindeuda (laminated film) unumsly polyolefin vz3i1lvian
a sdqy A A o A A v =
ANUMUVBINDALDS N1FATOUNTEAAANUNIVBITARNYNIATOY (substrate) 19 Tagd
[ ad o 1T A
ANNLYILTIVOITaNTun 1A

- gungiimaFoudadionuioud
UG IAANIIFouAAA10AIN 01 (heat seal) YD PLA sealant 11

q

amorphous ’t’)fﬂu‘ﬁﬂﬂ 80-85 °C dalinuninua1ves 18% vinyl acetate / ethylene vinyl acetate
copolymer (VA EVA) 1 peel strength 499 EVA/HDPE 310032 UIUMT coextrusion ﬁmQQ

Ngadszanm 360 g em” Tugnsgungindne Tuvmefian peel strength 409 natural PLA 910

Y
v A

ASLUIUMT coextrusion UA1UTZUR 540 g cm” 91NAT peel strength TUTEAVILUBTINALNT
a . . . o Y a (=) va 1Y I A Y
1N failure mode UUY delamination ¥ lnweduan Inaliguantidiuussysuaninilaldde
v o 1 . 4 o A
%30 “easy-open” package azdaInIudu “high-performance” sealant Lﬁmmﬂuuﬁﬂmﬁum

1 A 9 1A AA A a A a 9 9y z; A 1
ANNIUUIETY llﬂllﬂ UYUUHUNLTUNANTIFOUAAAIYANUIOUA, WA hot tack strength (N

U
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s ‘ﬂ’f’)\‘iﬂuﬂﬁclfilW1uﬁllflﬂﬂﬁuhlﬂ@l,!,a$i’JiJi]\iiJﬂmﬁﬁJUﬁﬂlﬂﬂll@\ﬂﬂ mmﬂiﬂumﬂuqmﬁmwl

AU hot tack 5¥¥1314 PLA coextrusion 1 EVA formulation 9131 PLA 3A1 hot tack strength
Aa . o = -1 =
Nan11n Tag PLA coextrusion Uf1 hot tack strength qwq@ﬂizmm 450 g cm Tuwmgn
EVA formulation A 1W83 130 g cm '
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a [ A, a I
(crystallinity), @150 (additive), FBsman iudu
vaa U 9 9 9 a Jou A wa 1 A =S
HUDNIINAUTUUANNANIVNAULAD Wammﬂ"lﬂﬂmuﬂmfmumﬂu@uq [3)]]

(] a 4 A . . Y A I c?// a 4
WU dnsanNitazinaoy lave (metallization) hlﬂ\ﬂﬂ L'L!fN’1]Wﬂﬂ'JTJJ!‘]_]usU'JEUfNW@ﬁL!aﬂ"lVIﬂ

A Y

Fari 1 uTiaAn critical surface energy G928 (38 dynes cm3) 9813150911 corona treatment 161
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v v
Y

a A Y .. ~ o o Y a = wa A 1R .
A 9NNIAT critical surface energy NG mm“lwwaauaﬂ"lmnﬂmammmﬁwllwuumﬂ (anti-

fogging)

2.3.3.2 mslynuanudulanazdnline (monwoven)
Y A o ~ 1 9 A A [ Y
idulean PLA danvauzmmiziuanananduleaus nuedluvales am
Y v
Auautiaiemariduaadluagi 4 shldweduan Inad lasuanuaulalumsiii i1y
A { 1 o 1Y) I 4 4 1 ] 4
Tugaamnssudule, dme uazdniline dwmsuldilwded, nTonjsvy, wsu, gunsal

VY = Iaq Y Y
ANLANUIU i’JlIf]QQﬂﬂiﬂ!ﬂi%iMﬂﬁLﬂHﬁﬁﬂ’Jﬂ

{ a1 a s A ) L ]
M5199 4 aauiamuvesneauan Indletiwnlszgnaldludnudulouazinline [1]

fianueutinnn PET faumuutiugng PET
fiduiaiaun ansadoudie dispersion dyes 16
ﬁmmﬁﬂmjuﬁum Outstanding processability

Excellent crimp and crimp retention Controllable thermal bonding temperature
Controllable shrinkage Low flammability and smoke generation
Tenacity up to 7 g/den Unaffected by UV light

Grades offer range of crystalline melt

temperature from 120 — 170°C

a g A ' ]
- miwamﬂumiawwu

a = wa 1 9 A = = [ 9
Waauaﬂ”lmﬂuﬂmauumtﬂuiuwa1ﬂq @111JL3J€JL°]J5‘(’JUL1/]EJ‘1Jﬂ1JLﬁuGlEJ polyester

P
a =)

A A 9 9 @ 1 a o I A
deuldwaadednluilogiuey PET  TeewoduanInadeuilu polyester #1A19910 PET
AR a J . . = =) . [l Y 3 o Y
szl uneaesuuY aliphatic 9 14529MIU aromatic agluTassadwvewin il
v a ca A v dqya 1 T 9 a
idulewoduan Inatnnugnsunazgasuii1ddndn PET uazidodiinaaninidulensduan
4 A 1 9 a v 9 a v d A
Tnd 100% wuIennmawauszrnudulensavan manudulesssumna (vudaivseihe)
[ 9 Y= 1 1 3 9 1 d't; 1 a 4
daldanuidnlumseuldauiendnt  uenaniundin1 modulus NN NVBINOALAN INA
v o VY A v qy 1 9 Y2 v o Aa 1 ~
gailvimuanyaznimnnnuaz manuianlumsdudanann Tuvaznanuansalu

o a Y ] @ va 9 . o 9 dy 9 ' T 1
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1 a ] [} a { 1a 1 a {a <
wazdaudweduannaae lulswedwesn ludald  uaweduan Inanaa lvudifazannso

@ 9 ~ =l = B2 9 v 1 a d v
ﬂ‘ULflelﬂ ATNNN 5 Lﬂiﬂﬂl%ﬂﬂﬂmﬁuﬂﬁiuﬂ”luﬁ"mﬂizﬂ’JNWﬂaLLaﬂ]lﬂ‘V]ﬂ‘U PET

A =y = wa A /0 Y Y A 1 1
ANTNN 5 LﬂifJ‘UL“VIEJ‘]Jﬂﬂ!ﬁ‘JJ”]JﬁLW?J‘]Ji%EJﬂ@ﬂ“Ifﬂ”IHLﬂﬁTENLNWIJ [1]

Property

PET

PLA

Moisture management

Good wicking, cos. contact
angle = 0.135, 0.2%-0.4%

moisture regain

Better wicking, cos. contact
angle = 0.254, 0.4%-0.6%

moisture regain

Flammability Burns 6 min. after flame Burns 2 min. after flame
removed removed

Resilience 51% recovery at 10% strain 64% recovery at 10% strain

Resource Petroleum-based Dextrose based (corn)

Drape/Hand-feel Poor Good

Luster Medium to low Very high to low

Crease Resistance Good Excellent

dy 9 A [l I A A 9 a o ) o a 9 :/l
Lﬁ'@N'l!,l,aglﬂﬁ’(’]\Tlal\?WiJ‘ﬂWﬁ@ﬁ]'lﬂlﬁucl,ﬂW@ﬁLmﬂVleQﬂlﬂﬂﬁ’ﬂul%ﬂﬂ1iﬂ1ﬂiﬂ

a A { {1 v X
usnluauleandnfiosunmiu Uszmaau Twdsunuanius I a.a.1998 TagusEn
Kanebo, Inc. 1agl5 240 lunsitla@ai1 “Fashion for the Earth” n3ouddudmsulanuoas
o a 9 o w 9 a 2= I~ a 1A 9
Wues  wsiemswae, 150w, sazdidaduleweduan Indlinnuiluiasaedunadou

1 9) [ s A a o Y [ dy 9 A A 9) a
mnnuduledunsizious  USEN Kanebo lailladndeduinuneinanninduloweauan
¢ v ' a o g ad YA ¥ Y
Ina wazidulonanszriaweduan Inanudulosssumaoug meldyenamsmveaudule

a S ™ 91 = a o .
woauanlna 71 LACTRON™ Tugqlu'lfis1e 1 .6.2000 U5HN Woolmark 1oz Cargill Dow
£ 1A o Y v o Y a 7L .
ladszmennusauiielumsiimsamaveudulevudaiuazidulowoduannada  Cargill
4 a 1

Dow laldrentamsmeuduloneduaninail “NatureWorks™

a s o a g [ a §
duleninneduannagminnldwdadugatimmnen  fuldwamiuded
ne

mais?fﬁmazi‘hammsq‘?ﬂmummgmmm American Association of Textile Chemists and

a o ) v o
manduleneduan Ind ldgmimnageuanuaamulumsdninnuazen

Y
Colorists (AATCC)  uwenntiuudrdaiimnaasvanuaielumsanlaluaninzaieg
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Tagn1289143980a52 Hoehenstein Research Institute  lanninaaaualonsnlSeumen
1 a J [} 5 Ay o
sennnnndulenaunwoduanlnd/fthe  dudondulenay PET/Hhe  Sawansddosa

{ v a J o v o '
a3 68 agillan anduleweduanindthe sxilidenldidnauedmnniimh

T
aAA v

nndule PET/Ahe Nlanyazeumiv

AN 6 MINAFDURAITUAD [1]

Test PLA/Cotton Comparison Rating

Thermal Resistance Superior
Water Vapor Permeability Index Equivalent

Water Vapor Absorbency Superior
Buffering Index Equivalent
Moisture Permeability Equivalent
Sweat Transport Equivalent
Sweat Uptake Equivalent

Thermal Resistance Superior
Drying Time Equivalent

A ] dil 9
A1TNN 7 ANVUNTUIYUDUUBN [1]

Test PLA/Cotton Comparison Rating
Wet cling index Equivalent
Surface Index Superior
Stiffness Superior




A =~ =} Y ' @
A1519% 8 Mslseueudulesz1319 PLA/cotton N1 PET/cotton [1]

Test PLA/Cotton Comparison Rating
Sensorial wear comfort Equivalent
Total wear comfort Superior

a <3| d v v
2.3.33 mswamsﬂuwsmmgqﬂnimmnummu
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auavlidwuvesneauan Inauenmiionininanundedune weauan

I ' = A a Y a [ wadyo Y
"lmummvmmumum uv mnﬂuazmam”lv\lum%m@muu@& ﬁﬂﬂﬂmﬁﬂﬂ@uﬂWiﬁWﬂ

a s 1 2 a A A v @ A I 9 e
ﬁl,!,ﬁﬂulﬂﬂLL@ﬂ@N%Wﬂﬁﬂﬂﬂ‘Hu@ﬂu‘] LlagLmﬂﬁﬁuﬂﬂﬁﬂ‘ﬂﬂlgﬂﬂﬂﬁ‘qquQ\i (resilience) YDIND

a d o Y a = wa A ) a 3 A
duanlng shldweduan Indlamauiafmunzaulumsirldwdadudmelsznnwsuy

4 [ ] [ d' d! =% 1Y
!Lﬁ%@ﬂﬂimﬁﬂllﬁﬂﬂTﬂﬁNﬂ ﬂﬂllﬁﬂdﬁluﬁﬁNﬂ 9 ¥INYUNU PET

d' =~ ~ v 1 U
MTNN 9 ﬂﬁlﬂiﬂﬂmﬁlﬂﬂmt‘fﬂﬂ@ﬁgﬁ’ﬂﬂ PET nU PLA [1]

Property

PET

PLA

Resilience

65% recovery at 5% strain

93% recovery at 5% strain

Fading resistance

30% loss in elong 100 h xenon arc

0% loss in elong. 100 h xenon arc.

Flammability

Burns 6 min. after flame removed

Burns 2 min. after flame removed

Smoke generation

394m’ kg '

63m’ kgfl

Heat liberation

Peak release rate 38 Wm

Peak release rate 22 W m

Sustainability

Petroleum-based

Dextrose-based (corn)

Density

134 gmL’

1.25¢ mL"’

Y] a o 0 Y a J a o Y A a
Lﬁuiaﬂ1ﬂwaaltaﬂ"lﬂﬂﬂﬂmmmm"lﬂ%wamﬂuwaﬁﬂmmmuauq N

a1 15190 10 agldamsiweduanInd lidszgnd ¥ lunudiuiieg daumsieh 11 aql

tenuantaveadulolszinnan nenldiuegluilegiu
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Wipes (household and industrial)

Filtration and high loft nonwovens

Feminine hygiene

Disposable garments (sms constructions)

Disposable incontinence (diaper top sheets,

acquisition layers)

UV resistant fabrics for exterior use (awnings,

ground cover, etc)

Soil erosion control (geotextiles)

General agriculture (plant pots)

Self crimping/fibrillatable/microdenier —

bicomponents

15190 11 agdaaautiaveudule [1]

Fiber property Synthetics PLA Natural fibers
Specific gravity 1.14 1.39 1.18 1.25 1.52 1.52 1.34 1.31
Tenacity (g/d) 5.5 6.0 4.0 6.0 2.5 4.0 4.0 1.6
Moisture 4.1 0.2— 1.0-2.0 0.4-0.6 11 7.5 10 14-18
regain % 0.4
Elastic recovery 89 65 50 93 32 52 52 69
(5% strain)
Flammability | Medium | High | Medium | Low smoke | Burns | Burns | Burns | Burns
smoke slowly
UV resistance Poor Fair | Excellent | Excellent Poor | Fair- | Fair- | Fair
poor | poor
Wicking - 0.7- - 6.3-7.5 (no -
(L-W slope; 0.8 finish) 19—
higher slope, (no 26 (with
more wicking) finish) finish)
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2.3.4 WansznuAaINAARMN [1, 8]
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PREPARATION OF POLYLACTIDE BY RING-OPENING POLYMERIZATION OF

LACTIDE

Kamolthip Boua-in"* , Nattawut Chaiyutl’2 and Bussarin Ksapabutrl'2

1Department of Materials Science and Engineering, Faculty of Engineering and Industrial
Technology, Silpakorn University, Sanamchandra Palace Campus, Nakhon Pathom, 73000,
Thailand,
*Center of Excellence for Petroleum, Petrochemicals and Advanced Materials, Chulalongkorn

University, Bangkok, 10300, Thailand.

This study was about to produce polylactide (PLA) with high molecular weight via ring-
opening polymerization using lactic acid. Ring-opening polymerization was accomplished using
tin(IT)octoate as a catalyst with addition of luaryl alcohol. The effects of reaction temperature and
pressure on synthesized polylactide were investigated. As-synthesized products were
characterized by IH—NMR, FT-IR and MALDI-TOF mass spectrometry. The results showed that
as-synthesized products were very similar to PLA characteristic reported previously by other
researchers. The melting temperature of as-synthesized polylactide was in the range of 130-145°
C. Furthermore, as-synthesized polylactide could not be dissolved completely in many solvents.
Therefore, as-synthesized polylactide could expect to be high molecular weight. In addition,
soluble polylactide in THF was then characterized by GPC. The results showed that increasing
temperature and reducing pressure, higher molecular weight of PLA was obtained. The highest
molecular weight of soluble polylactide was about 10’ g/mol. Moreover, insoluble polylactide
was filtered and weighed. It was found that increasing temperature and reducing pressure more

residues was collected.
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The effects of pressure and types of catalyst on ring-opening polymerization of polylactide

Kamolthip Boua-inl’z, Nattawut Chaiyutl’z* and Bussarin Ksapabutrl’2

lDepartment of Materials Science and Engineering, Faculty of Engineering and Industrial
Technology, Silpakorn University, Sanamchandra Palace Campus, Nakhon Pathom, 73000,
Thailand

*Center of Excellence for Petroleum, Petrochemicals and Advanced Materials, Chulalongkorn

University, Bangkok, 10330, Thailand

*Corresponding author. Tel : +66-034-219363 and nchaiyut@hotmail.com

Polylactide (PLA) is a biopolymer that can be prepared by ring-opening polymerization
of lactide. Ring-opening polymerization was accomplished using catalyst with addition of luaryl
alcohol. Three different catalyst is tin(Il)octoate, tin(II)chloride, and tetrabutyl orthotitanate for
ring-opening polymerization. This study was about to effects of catalyst and pressure reaction on
synthesized polylactide. As-synthesized products were characterized by ]H-NMR, FT-IR and
MALDI-TOF mass spectrometry. The results showed that as-synthesized products were very
similar to PLA characteristic reported previously by other researchers. The melting temperature
of as-synthesized polylactide was characterized by DSC. Furthermore, as-synthesized polylactide
could not be dissolved completely in many solvents. Therefore, as-synthesized polylactide could
expect to be high molecular weight. In addition, soluble polylactide in THF was then

characterized by GPC.

Keywords: Polylactide, PLA, Biopolymer, and Ring-opening Polymerization
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