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ABSTRACT

Polylactic acid (PLA) is a biodegradable polymer having high potential on industrial
applications and widely used. PLA has some limited properties such as brittleness and low
elongation, these are effect on the preparation of continues and fiber blended and product
applications. This research aims to study the preparation of continuous fiber blended and its
properties between PLA and Polybutylene succinate (PBS), which having higher toughness and
elongation than PLA. The continuous fibers blends are prepared by melt spinning technique
to increase stiffness and toughness of the fiber for textile industry applications.

Polymer blends of PLA/PBS were prepared by twin-screw extruder at blend ratios of 100/0,
90/10, 80/20, 70/30, 60/40 and 50/50 %wt. The preparation of continuous fiber blends used
melt spinning technique temperature at 230°C. The Rheology, thermal, physical and mechanical
properties were studied.

The blend ratios of PLA/PBS more than 70/30 %wt clearly showed the phase separation.
Modulus is also reduced. Impact strength showed that the highest at the blend ratios of PLA/PBS
80/20 %wt. The crystallinity of PLA in the fiber were decreased but the fiber elongation was

increased. Maximum tenacity of the PLA/PBS blend fiber was found at PBS contents of 30 %wt.

Keywords : polylactic acid (PLA), polybutylene succinate (PBS), melt spinning, continuous fiber
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a a a I a =) a - ) [
WodAuanANIOTA Polylactic Acid (PLA) iunedmesFinmatianilsdnoglu
1 a P ] o 4 a
naunedeameiniaolaase (Aliphatic Polyester) §uAT12H laa1nnsauanan (Lactic Acid)
£ A a ) o oy oA ¥ o & A4 Ao oy oA ¥ o
Fensauananasonan lmonnnmsninuilanieriana aauunsnunlavsownaiiu
J Y 1 9 YR @ 9 S A 9 =2 o 9 < o a
peAlsznounan 1wy 41 Ine dudilgras daansedes wannsnliunluiud agau
g’/ Y a Y = [ ldy 9 é} nm Yy 1 1 A
asgdulunszuiu mskaala FanSwensmariansoaisvunaunu v laedreaeiio
a a a LY~ 4 a . ds@‘ vy a
woduanAnuoda daiiumes luwaaan (Thermo Plastic) dansniyuzdlladrenszuiumswan
Qg Yo o 1 ~ 2 \ - / 3 )
vty wu msfevugil (Injection Molding) M3¥13 1UA28A11M30U (Thermo Forming)
% 49! @ 1 49!
miﬁmmugﬂ (Compression Molding) N159A5A (Extrusion) uaxﬂmﬂwugﬂ (Blow Molding)
3 9 9 a Y] o Aa a a 1 ) ~ A °
Hudu msldnunaasusinnneauananueda aunsadesaais lanaiinindieni luidsnay
a 9 [ 3’, d' = 1Y a dl a 1Y a a =\
Tuaulaslyszeznaduduiomeununwarddni  naannIngavngaamnssntllnsal

IINTVDI PLA 1ananagii 1

16



Photosynthesis Fermentation
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nszuauMsduns iz 19 lulagiude nszuaumsduasziuuuilalwmiu
4 [ { @ 1 ann { So’ v
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HO o
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H %
“CH, 2}\/}?\ o CH; /

. . poli(3,6-dimetil-1,4-dioss-an-2,5-dione)
Acido lattico | /&) poly(3,6-dimethyl-1,4-dioxan-2,5-dione)

Lactic acid
r'\5\5\”

Lattide
Lactide

‘ﬂﬁ 2.3 ﬂi““]J’JuﬂTi’ﬁ\ilﬂ‘ﬂ”W PLA uumﬂmmmuuaﬂ'lm [5]

iHiannezasNvedA1i VouLY TulanavesananeFatiautia lausa (Chiral)
a a K A 3 A . g . . A o
LlaﬂﬁﬂLL@%ﬂﬂQNﬂWi%ﬂTNLﬂQﬁ 2 LYY A® L-lactic acid ey D-lactic acid LllﬂuWNWi“]ﬂuﬂWi
o o o q ¥ a I o Py Y A ' v A
AUATIEH PLA ‘Vl’li’l’in)ﬁlﬂJﬂﬁﬂﬁ\HﬂinWﬂﬂﬂiﬂi\iﬁi%iﬂlmﬂ@]’]\iﬂu 3 UUU A
(1) Poly (L-lactic acid), PLLA (2) Poly (D-lactic acid), PDLA #ag (3) Poly (LD-lactic acid),
2 d a A o o s o W

PLDLA G?\?LﬂuW@am@iﬁﬁﬁlﬂiWﬁW%’lﬂN@u@m DIUVUY L UV D UasuyUNTUNNAIADY LA
o 9 A a 4 =\ Y] a =\ =} v A I
?’NIﬂi\?ﬁi’N °1ugﬂ‘v| 2.4 NWoAWDITABDNLVUVUTUY  ANMUAVULASH TN NIV UDUNUAD nJu

J A a

wodwestananiianuiundnedyszana 37 wedwud Teamaiianuzadiouds 50 - 80
oo Tyaviaeaviadnan 173 - 278 esrnaiiea luvasiineduandnueda

fdunnzinnuevemes nandauiniiuned wefedugiu Tassasidiuszning LD dwa
Tagasanoauiinveanedwesais nsdiiensdin LD whify 1 wedmesseliauiAiFinad

A A X g = a s A X g
uagius L:D 1Ny ﬂamLﬂuNammmﬁmammmmmwaamammwmumﬂ

HO\ /COOH HO\ COOH
/C.,,l /C

! H n’ cHg

D-(-)-Lactic acid L-(+)-Lactic acid

i 2.4 Tassadnluana D uag L veaananuoda [5]

19



1. auiiavod PLA
1) auiian1emIgnInLaznIena PLA
= U o a o’d‘ (BN =R A
PLA UA3100299 s Useua 1.25 woawein lurunsaea
. = 1A . I
(Unoriented PLA) ummgﬂswmmmummmgﬂ (Stiffness) L1AZANULVILTI (Strength) G
d‘ T =S A =~ o Y [ a an
WeruMsAssavzlantialnamesnuneaenaunsinuse (Polyethylene Terephthalate, PET)
12 ' a = A =K A v =2 o . .
uaANIMEAT las uNHIUNMTAIEANOAMITIAAZITIAA  (Tensile and Flexural Moduli) U9
WoALANANUDTANAIGINTINOALNAUANUNUIMUNGY  (HDPE) wWodlwsWay (PP) uay
wodd lasu (PS) UAAMUNUADUITINTZUND  (Izod Impact Strength) HAZMITEANYAUANTN
] 'e 1 a J a 4 [ ] |9 a a
(Elongation at Break) A6 n11Moamoixiindue [6] PLA Nanvazlavuednusiavesansia
' = wa d o a v W A ay Y2 A 9 v 3 o
uea PLA Tauianlumes lunaiadn anunsofniunauuassama laa 1ausumuasiigy
@ Ao a Y 4 4 % 1 Y A
ez lviugeluvagimyeondiou mamiveu laoon lad tazihaunsounsiulda Taaw
J :, & A YA o ~ 12 a a 1 <
AINUABNITATZUNAM Fata IadiAeany PVC N lNTnT @uans@uuad ANUUYIANUNUNILY
1 A 1 Y A o 49’ = LV YA o
ApuIINIZUNNazANNIarguInAReIny PET uonaintl PLA daliauiialnafesny PS uay
Y
awnsni ludanlasIdtiauialndifesd  PE wse PP aaiu PLA Seansniiliisuilse
mdy gj Y 49! 9 Y ~ @ Aa a A A
audanug s umsvugduazms lgauldmuReanuna 1gan Lol udnHanan
a = A A Y 9 o = 4? [
n3zuIUNINY Tasall auiiaved PLA o151 tazdmsunssuiunaiugl uaaiaanisn

< A
N 2.1 LAEATTINN 2.2

d' wa A a A Y
AN 2.1 AUUNUDI PLA NNAANBONITAN [4]

aniia NatureWork® PLA Biomer® L9000
ANUNUILUY (g/em)) 1.24 1.25
Tg (°C) 56.7-57.9 n/a
Tm (°C) 140 - 152 n/a
HDT (°C) 40 - 45 (Amorphous) n/a

135 (Crystalline)

Tensile strength (MPA) 53 70
Elongation (%) 6 2.4
Flexural Modulus 350 - 450 3,600
(MPa)
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9

d' LN ] o/ a XK
A1919N 2.2 FUUAVDI PLA ﬁmsumzmummugﬂ [7]

Physical Properties Ingeo Resin ASTM Method
Specific Gravity 1.24 D792
MFR, g/10 min (210°C, 2.16kg) 22 D1238

Clarity Transparent

Mechanical Properties Ingeo Resin ASTM Method
Tensile Yield Strength, psi (MPa) 9,000 (62) D638
Tensile Elongation % 3.5 D638
Notched Izod Impact, ft-1b/in (J/m) 0.3 (16.0) D256

Mechanical Properties Ingeo Resin ASTM Method
Flexural Strength (MPa) 15,700 (108) D790
Flexural Modulus (MPa) 515,000 (3600) D790
Heat Distortion Temperature (°C) 55 E2092

2) auliAnIaza1eved PLA [8]
49! -V | 1 A g 4 1
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3) MSAONANINLAZATEOAA18YDI PLA [9-14]
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4) M31%311 PLA [5]
I~ A Al Y = A A a 9
PLA dlunanafnndesamsldn1ia® amwmnlauiananudouuas
a 1 = A Y [ a ~
1H9nagend1 PHB uaz PCL Iasiiauiialndifesnunedalasu  (Polystyrene, PS) Hay
2 2 . I o A 12 1
woalonhaumsHnan (Polyethylene Terephthalate, PET) #uilumes lunaaanhaugy Iade
dﬂ@} a 1 ] = 49! = I ] v I a d
Tagnszuumsvuglnataana 19 u mRay ugl msoasadumdy msahiuiay ms
o 4 f o o A
mo3 Iulesu uazmstTurasudule PLA Udnonnlumsiianldanudnduls dane uazi
a [V [] =] A v A YA d' a v Y 9 =
il ludn 1ine  (Nonwoven) Hauiasudunazngil1aa woudanuaiennuiou innw
1 ~ A waa a o o o [ Y o dsll Y 1
numusonaeg) Jauiiaas I uazmana  adud munzdwiuldihndeoduazauanigs
Y A v 2 < a = wa 0o g ¥ o ¢
faguiiu A1y uenaintl PLA dunedweinliauiananvateri lvaunsoi lldszgne
I a 1 A [ ) Y
Wuwara@nyanuiuaiggatea laun
9 s A I A PR ) =
(1) MUMILNNG (19910 PLA Hunedwesdosaals lan1asinn
9 [
(Biodegradable) AN UL (Bioimpatible) Lmzmmmgﬂ@ﬂ% (Bioresorbable) 18Ta8

[ o

= . . 1 £ o Y < A ) [

FZUUBININ (Biological System) lusrenme 3914 PLA Lﬂum@m NININPITTHIVIUNN
Jd < v Y a . t4

mMsunngd 1w Trnuduuwa (Sutures) ATULKA (Staples) ’m@gﬂmma (Wound Dressing) qﬂﬂim

1 d o [ . . . . Y
Aalusrame (Surgical Implants) Qﬂﬂimm‘ﬂi vIANS ¢9n  (Orthopedic Fixation Devices) 109
o [ o A 1 % = [ 1 Y
amsurimvselantaseaaen mmmmmmmmmazizElznaﬂumiﬂaﬂﬂaa&1&11"191@&11@
= a a
Hlszansam

L%

9) ] = Y 1 1
(2) AMUMTINHAT B ﬂW‘BuZﬂQﬂW% 'Jﬁﬂﬂf]?jﬂLLa%ﬂﬁﬂﬂﬁﬂﬂﬂWﬂﬂ!mﬁ\i
oA A 4 ' A o
SINNIYNY mﬁ)ﬂﬂmumamammwuﬂ
v R o ddqy 9 3
(3) ATHUITINUN LU Uﬁﬁﬂﬂﬂ!“ﬂ‘ﬂi‘]ﬂmﬂ‘ﬂ\‘] MIUSUITIYDINIT VIAUT
a 1 ard o [T=1 ] < @ (Y A
PNATAN ﬂaﬁNIT\lﬂJ Naudmsurivve LﬂJﬂI’V\lMﬂuﬂigu‘ﬂﬂ AUAADUNFUSNISAY
9 9 1 9 1 Aa o 4 @ 9 9
4) mumu% UAgHNUNLDY Nonwoven sBH WAAHN UNDUINY W19
°o < t&l 9/ A 1 1 9 o @ A
ﬁ"l!ﬁﬂgﬂ DR LASIATDIYNHY LﬁuiﬂﬁWﬁﬁUUﬁiﬂiumﬁ@ﬂu@u
v P ¢ ' A
(5) MUIIUIUA 1T Qﬂﬂﬁﬂ!ﬁﬂllﬁ\‘]ﬂﬁgllﬂﬂ (Bumpers) HHUITDINY

t4 1
(Floor Mats) ttazginsalanuaanieluy

23



2.1.2 WoalIFaAUYATIUA Polybutylene Succinate (PBS) [5]
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1. d@ulaved PBS [15]
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A Aas =Y v o d%l )
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80-200 DA ALY UANUHUUY 1.23 g/cm lnafeeny PLA HASHANNIANYUNA 9NN
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PBS
auun Film grade Injection grade
ANUHUMUY (g/em’) 1.26 1.26
Te (°C) -32 32
Tm (°C) 114 115
Heat Distortion Temp. (°C) 97 97
Tensile Break (kgf/cmz) 580 210
Tensile Elongation (%) 700 320
Flexural Modulus (kgf/cm’) 6,700 7,000
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2.1.3 wanaanndesaars’ldn1aminin [17]
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Textile Fibres
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, ,

Natural Synthetic
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Vegetable Animal Mineral Regenerated Polymer Synthetic
Bast Leaf Seed Cellulose Cellulose Protein Miscellaneous
fibre fibre fibre (rayon)  Ester

. . . v v ,

Polyamides Polyester Polyvinyl  Polyolefines Polyurethan Polyacrylonitrile

derivatives
Polyvinyl Polyvinyl Polyvinylidine Miscellaneous
Chloride Alcohol Dinitrile
Polytetrafluro Polystyrene Polyvinylidene
Ethylene & Chloride

Related polymers

gﬂ‘ﬁ 2.9 Classification of Textile Fibers [20]
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Scanning Electron Microscopy HEAAIAIANUUANAINVDY ’e)1qmiﬁl“ff}ﬂulmzﬁjﬁﬂﬂﬁlﬁﬂu’de
a 4 1A o ] o a
VOINDAMBITHAN WUIITNTIATEUAI081INATOD TA8TANUIVUDATE (Deaged Free ) LLeR13

BM31MT0UAAIIA
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Sangmook Lee ttazAale [30] Anmautianiennudou mslua anvasdagiuine
A A a J 1 { 3
HazaNAITINAVDINOANDINANTEHIN  PLA uaz PBSA Nmsoulasnsnadugl wans
a A < 1 A
Anszauianisanudouaie DSC uaa IMHuNauianeanusouveg PLA
1 d‘ cs' 1 a 4 d’ %I [} [
linfdouutlasmmifSuna PBSA finauusninmsunsizn mswlasunlaniminvesiag
A Yo k) . . . Y I 1 ~ 1 Y
ie'lasuanudeu (Thermogravimetric Analysis, TGA) waaldfiuaNnuanesae Anuseu
r'd )

YoaneaWesNaNiounI1 PLA 1y PBSA U3anT Fawamsd nsizvamianianuieuues
a J A v Il 3 dgil = @ a PR . .
woamesnaududums Winauiuitiofeiiuvemeaw  a5neaed (Rheological Properties)

A a 4 d' (] I~ Y v 4 1
auiams lva voawedwoswaunasuulasesaumniu ldsaauilsunavesiosnilszneu aA1au

1 [ a 4 A 2 ] I~

NUNIUADITIAAZ NOATUDINDAD I HANANAIN LT IIMY03 PBSA My o9 lsnau
AANUNUNIY ABUTINTZUNA  (Impact Strength) YO PLA/PBSA Nons1aIu 80/20 Sovay

% Y] A 1 ] 1 a J {
Tagumin MuIUee1NINNINGUOINITHEN (Rule of Mixture) WoRMOSHANNTUT W10 PBSA

%l o [ @ < 1 o [
80 Jovay Taornminnuniionsus1veamsdesdmogegad sy
Amita Bhatia ttazaaie [31] #omanuainsalumsdnnu’ld s21mi1e PLA uaz PBS
AeInT I ANAe I LOUE Ngmugll 180 oerwaled nazAnyIanyuz dugIuIne auiia
wa A a 4 \ o 1 [ Y]

NMInNusou N3 Iva tazauiAmana woamesHauwI suNOAI1EIN  PLA/PBS 1M1 90/10,

a

2 @ o < a 1 {
80/20, 50/50, 20/80 LAz 10/90 3ovaz Iaetimiin mseouuiana@anneumsnanNgugil
= 9 Y] 3| o Ay LY a 14 Y
50 oarturaFe MolannuangyaIma 80 KPa itlunal 2 7u meilosnunsdwesadaisdd
a a d v o a Y ! a 4
Tagnszuiumslalaslada  MamIIATIsHanEAULTUTIUINGIA8  SEM WUIWeAINeS
Y I
nsaeenldedaFany MinauiAnnLsounuNgunginlasudamzadiouds (1) ve
1 = ] o A 1A o 1 Y Y3
PLA linlasuniasediasanuiionay PBS Laneas1d@Iu PLA/PBS 1Ay 80/20 taad Iy
o 1 a w{& 1 1 o d 3 14
MSHANAUUNAIUVDINDADINIFDI AIANUNUABITIAY  uogaduazilesisuansta
Aa 14 ~ g o o a
W AVIAVBINDADI KN PLA/PBS 91 80/20 1ilullawngmismean anvugdugiuineuans
v o a 7 ) : Y 2 o & o A
THimumssaunuveInoamesNUsua PBS 1o8n1120 Soeas laguiniin iag PBS 1ua iy
Y 3 ) o [ 4
anumilen ¥y PLA naasldmunun Ty Tumsilihlsegnd Il uaunssgams
a 4 1
Yaming Wang lasasie [32] ANHINSIHIOUNOANOIHANTEHIN  PLLA 11ag PBSA
#1875 Solvent Casting NOATIAIUAI LALHN BINT WAMIINY (Miscibility) 8 nHULFUTIY
a A 9 1 1 I g = o <3 A
Inguazautianianuiounud PLLA hinmuiluiiefedny PBSA Tavaziiiu T, Musnoon

@ 1 @ [ a a 4 1 4
NnnULas T 2 M LLﬁ%ﬁﬂ‘HWﬂWiﬂﬂWﬁﬂlmZ ANHUSTUIIUINYGT YDINDALUDIHNTY W‘]J’J'llﬁl’i]

I a J A 1 @ 1 o Y o < =
PLLA (Huunsng 1U5uavod PBSA ﬂlmﬂﬁﬂl\‘]ﬂuqlwnﬁlﬁﬂaulﬂlmg BATUIIVDINITIANANAN
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J o ) @ a { < a @ <
UANANWNNU ﬁTWiUW@mN@%NﬁN‘ﬁﬁ PBSA mJummﬂ«ffam”ummmmmﬂwﬁ NUDJ PBSA afad

[ ¥ Y v v
Wef5unaues PLLA i luvazina lnvosmsannan lunlasuulas
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UNN 3

AEMIA UMDY

ﬂﬁﬁugﬂwaama'gwam wazidulowausz i PLA/PBS tiefinkmsis suwedes
way auanennuion mnfamemenn uazauiA@na veanedwesHay tasfnuIANY
Lflu"lﬂ"lﬁ’iuﬂﬁzmumieﬁugﬂﬁuiawauﬁ’wmﬂﬁﬂmiﬂmmuwaamwmmm (Melt Spinning)
ﬁ}’sﬁllﬂéﬂﬂ é”ﬂ%mﬂﬁmwuamﬁm Single Screw Extruder: Thermo Haake® PolyDrive uazm’%m
fﬁug Uiduly Hill’s Lab Modal-100 Lﬂ%’@ﬂ Lab Scale Bicomponent Extruder Fed Spinning Machine
TutuneuMIAIiNMIITe 12na1NRI10a2BY ATUABUMIAITILY LA ITILY
szaznai I lumsnagey 33msnaaou aulianeanuion  aulanamMenn  uay

@

Y Y
ANTAFINA IFMIAUNUNULVUADUAIT]

3.1 HAUMSAUHUNIUIEY
3.1 fnpndund sausmdeyanuiseiinede
3.1.2 MNUHUMITAUH U
3.13 wieuingay samevnsalilduam3se
3.14 195ONNDANOIHANTZWIN  PLA uay  PBS %ugﬂﬁ’amﬂ?}mﬁ'@‘%mmu
(NAYIUDUE Twin Screw Extruder : CTE-D20L800 1/38% CHAREON TUT CO, TLD 89151894
WodweinauszHI1a PLA/PBS lalAsns1dau 100/0, 90/10, 80/20, 70/30, 60/40 LAz 50/50 3o8
azTagrhmin
3.1.5 NAdoUaNIAYOINDAIDS HEr
1. naaeuaNIianIAIINToU (Thermal Properties) Aamaiinavive SisuFea
o Lmuﬁmma@?ﬁma% (Differential Scanning Calorimeter, DSC) ';;'u 200F USHN NETZSCH
2. nageUsHHing Mavenoames HENRI0IAT I Melt Flow Index
JU XRL-400A #319n131/521MeY
3. nageuauians lnavesnedweinaudIen3e nATaUANHNIIA
Rheometer : Gemini 37 U 200HR nano USHN Malvern Instruments

4. NAFOUANIAFING (Mechanical Properties)
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1) NAAPUANTAANUAIUNIUABITIAY  (Tensile Strength) WIATFIUMS
NATOU ASTM D 6382)
2) NAABUANVAANUNUMUABUITINTZUND  (Izod Impact) WIATFIUNII
NAdal ASTM D 256
5. naaeUANTAN1INENW  (Physical Properties) 8131 UINY1 A10NAD4
ﬂaﬂiﬁﬁﬁalaﬂ@iﬂmmUﬁ@\iﬂim (Scanning Electronic Microscopy, SEM) §"L! JSM-6510
U5HN JEOL 911a
3.1.6 eﬁugﬂg%u“lﬂ W31 PLA/PBS 8@31894 100/0, 90/10, 80/20, 70/30, 60/40
waz 50/50 Zovazlagrhmin dremaiia msilu uuuvasua) (Melt Spinning) #2013 04
AT AINAEIMUBRYD Single Screw Extruder: Thermo Haake® PolyDrive
3.1.7 %ugﬂnﬁuiawamwdw PLA/PBS 831894 100/0, 90/10, 80/20, 70/30, 60/40
waz 50/50 Yewazlacinmin dremadia msiuuunasuma) (Melt spinning) 42018304
%ug Uidule Hill’s Lab Modal-100 m’%m Lab Scale Bicomponent Extruder Fed Spinning Machine
3.1.8 naasvantiaveudulonay
1. NAAUaNIANINAINT U (Thermal Properties) Aamaiinanivesiswdea
a LLﬂuﬁQLLﬂa@QiﬁLﬁ@%{ (Differential Scanning Calorimeter, DSC) giu 200F U587 NETZSCH
2. nadUaNIAINa (Mechanical Properties) ﬁ”mm’%m Instron USHN Instron
Preventive Maintenance ¥1A1331UNITNATDU ASTM D 3822-01
1) MANNFIUMUABIIIRIvedN e (Tenacity)
2) mmsdanaveadule (Elongation)
3. NAdOUANYAMINIENIN (Physical Properties) NadouMsHAAIvDudU e
(Fiber Shrinkage Testing) Memaiia Boiling Shrinkage ¥1A331UNTNATOU ASTM D 5104-02
Idqungdl 98+1 ossuaaiFod
3.1.9 52u5wdeya uazlinszienllnonaminaned

3.1.10 aydmamsnaastaziamziauseay
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[ d 4' A Y o
3.27aq uazginsaunIesienlylumside
3.2.1 39
1. iaweawes weduanAnua®a (PLA) Grade 3052D MFR 14 ¢/10 min
(210 DR UBALTHE, 2.16 N 1an5y) Test Method ASTM D1238
2. ifianeawes weatnauFAFua (PBS) Grade FZ91PD MFR 6 ¢/10 min
(190 09AUTAIFOE 21.18 1IAU) Test Method ISO 1133
3.2.2 w3eeiienldlumsnaaes
1. 13704073 ANABINUOUE Twin Screw Extruder A3100H3 Brabender
U D-47005 UTEN Duibury 15zimeaeasiv
2. 1A3090AIANAYIMUOUIAYD Single Screw Extruder: Thermo Haake®
Poly Drive
3. Lﬂ%ﬁugﬂgﬁ) 1o Lab Scale Bicomponent Extruder Fed Spinning Machine
U Mode#LBS 100 1138 Hills, INC [W. Melbourne, FL-USA]
4. Lﬂ%ﬂﬁﬁﬂﬁugﬂ (Compression Molding Machine) 13N Lab Tech Engineering
5. doudianaa@n
3.2.3 1n3estien l¥lunmsnaaey
1. 19593 Melt Flow Index 1 XRL-400A AT10nH5152meiu
2. 1ATOINATOUAINNIA Rheometer: Gemini 314 200HR Nano
USHN Malvern Instruments
A wa Y Y a A 4 = A
3. sodnaaauauanieaNuEen  alemadaaivesisumeadunuilg
HARDI NINDS (Differential Scanning Calorimeter, DSC) ';;'u 200F 1580 NETZSCH
4. 1A30INAABUANUNUNIUADITIAY  (Universal Testing) 810 Lloyd Machine
U T30K
5. IATeINATIUANUNULITINTEUNALUD Toveaduuna (Izod Impact Strength)
9110 HOUSE FIELD
6. 1A30INAADUANIAIFING Instron U3HN Instron Preventive Maintenance
7. N949ANTIMIDIANATOUFBINTIA (Scanning Electron Microscope, SEM)

1o JEOL 1 JEM-6510 (Uszmaqtju)
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3.3 VUADUMTAUUUNY

v
&/

VUABUMIAUTUNIY LETAIAIZUN 3.1

Haneawos PLA/PBS

[

A 4

> 91 80 D3R AITE

dg! a 4 9 y 9 d‘ v A = 1
ﬂlugﬂW@mﬂJ@iWﬁﬂJﬂ’JEJﬂiZ‘U’JL!ﬂﬁﬂulmﬂ‘ﬁa@m&ﬂﬁﬂlﬂiﬂx‘]@ﬂiﬂLL"U‘ULﬂaEJ’JWLl’E]uﬂ

Twin Screw Extruder

931891 100/0, 90/10, 80/20, 70/30, 60/40 1AL 50/50 3o8az Iaerinmiin

\ 4

wa Y
AUUANNWANUIOU

A 4

< a 4
LUANDAUNDINAY

ANTANIINIGNIN

A 4

auianiena

v

> 'madeusyiil 5 lvia

: a 79y A
T UBDNNBDALUBDIAIYLATON

1
:Melt Flow Index

A 4

ANUANIINIININ

> MINUNMUADUTIA

1
! (Tensile Strength)

L DITNUMULIINTIUND
1

i (Izod Impact Strength)

AU AN

a3

€
€

X ) a ¢ ¥ ) ..
mugﬂmuiﬂwaamaiwﬁumanixmumiﬁuLmuwaau (Melt Spinning)

v A

8931871 100/0, 90/10, 80/20, 70/30, 60/40 tiaz 50/50 5 oaz Iasri1niin

ALATOY DATANDYUAE Single Screw Extruder: Thermo Haake® PolyDrive

sUn 3.1

A 4

a J a {
i'J‘]Ji'J‘JJGﬁIfJ‘J;Jjﬁ LLa$3Lﬂ§'1$ﬁ®ﬂﬂiWﬂNaﬂWiﬂﬂa@ﬁLﬁ@ﬁﬁIu

9
%

VUADUMTA UL
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TUABUMIAITINY (MD)

Hanoawos PLA/PBS

> 91 80 DIFNIKALT A

A 4

Y
Jugihdulonaudonse z19umMITHIUUHaDNINEY (Melt Spinning)
mamiawugﬂmuia Hill’s Lab Modal-100
IA304 Lab Scale Bicomponent Extruder Fed Spinning Machine

931891 100/0, 90/10, 80/20, 70/30, 60/40 1AL 50/50 3o8az Iaerimiin

ﬂﬂﬁﬂﬂﬁﬁﬁa"llﬂﬁligf)uiﬂwﬁil

A 4 V} \4

auianeanuiou ANTANIINIIN TN ANVAFIND

1 a 1 9 1
—>:°mm Tg, T, "UEN‘W’EJQL?J’E]? X —».mﬁmmeummu% : —P: ATNNUATUNIUAD
1 1
:
1
1

1

1

1

= 9 1

L usangveaule .
1

1

1

1

1
1
:Nﬁuﬁj’sﬂmﬂﬁﬂ DSC E ! (Flber Shrinkage Testing)

i (Tenacity)
1

I 1 u
—» ﬂ?ﬂ?ﬁﬁﬂﬁ’)ﬂlﬂﬂl&}uﬁlﬂ

1
1
! (Elongation)

9
%

11 3.1 VuAoUMIAIUNU (91D)

San
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a d
3.4 MINTUUWIANDSHANIZHIN PLA/PBS
3.4.1 9SUUNDANDS NEAUTEYI19 PLA/PBS

1. FuiminueInoamesszwiie  PLA/PBS 8a51aau 100/0, 90/10, 80/20,

o

70/30, 60/40 118 50/50 3ovaz Iaeriviin

a )

1 dy A I <
2. E)Ullamm%u‘mm‘wﬂu 80 DFL L e Wunan 12 "If'JI‘lN

Q U

2 v

a 4 4 (Y 1
3. muﬁﬂwaamaﬁwamamﬂ%mﬂ‘%ﬂmeﬂﬁmwuau@, (Twin Screw Extruder)

U

a o o w o { <
UNNNUNITNANIN Hopper 5\3 11 Die 190 - 210 'E]\‘]ﬂ'll,"]fﬂl,‘%ﬂﬁ A1UAAY 'ﬂﬂ%ﬂ‘ﬁﬂﬁ'lllﬁ 790U

=h.

9 1
80 5RUABUIN VUABUMITINI BUIAAIAI1N 3.2

91 80 DIRUBAITHE,

PLA+PBS 12 521259

g a 4
ANDAUBDINTY

Twin Screw Extruder

PLA/PBS

9
%

y < a 4 1
gﬂﬁ 3.2 ﬂlu@l@uﬂ’]ﬁlﬂdﬁﬂﬂlu@]w/ﬂaluﬂiWﬁui:ﬂﬁ'ﬂﬂ PLA/PBS
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t:y wa a 4 '
342 PTINFUNIUNATOUANUAVDINOANOTHEANTSHIN PLA/PBS
o & a 2 Ay v = Y 4 o A a
1. HNNANDALNDIWEY PLA/PBS Vlulﬂfl]'lﬂﬂ'limiﬁlll AVYLATOIDATALUY INAYD

wuaufj (Twin Screw Extruder) a180A51&IU 100/0, 90/10, 80/20, 70/30, 60/40 tas 50/50
H ' ! 4 a ~ o
$ovaz Taormin ov'lanusuiigungil 80 esssades Hhunar 12 %1 Tu
o £ A a = I a A Y 3 a
2. ﬂmugﬂwqmwgm 210 99A YLy lﬂJunm 10 4N !WﬂiWLNﬂWﬁ'lﬁ@]ﬂ
9

a

o T3 A 3 4
UADUNTUNU meaamuﬁqquwm nJunm 10 L!'I‘ﬁ ﬁlﬁﬂlﬂ%’ﬂx‘l Compression Molding

a

HANO A WErY PLA/PBS PUITIANOAINOS WAL PLA/PBS

80 DIFNIFAKYE, 12 52 114

1a oA Y @ [
N : - LL?JW?JWﬂGlG]fLﬂifJiJﬁ’JE)fJNVIﬂﬁ@‘]J
G 3
11383 Compression Molding

9
%

a o X < a 4 1
31]‘" 33 sllu@@uﬂ1§@ﬂmu3ﬂlﬂﬂWﬂﬁlﬁJﬂiWﬁuﬁgﬁj'm PLA/PBS
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= ) v
3.5 mavuglidulewanszrang PLA/PBS
2 9 ' 9 A v A = ~
3.5.1 Augiiaulonanuszydng PLA/PBS A281A7090A3 ANTEIHUDUIAY)
Single Screw Extruder: Thermo Haake® PolyDrive
A5MINAADY
1. MUUADATIAIUNDANOS HAUTEHIE PLA/PBS 36115199 3.1

o 3 o
2. Mmuaan1IzMIvEgl a13199 3.2

M99 3.1 0AT 1 IUNDANOS WETUTZ1I19 PLA/PBS

lal PATAIU (%wt)
PLA 100 90 80 70 60 50 0
PBS 0 10 20 30 40 50 100

M99 3.2 anMzMITuUneaeI NENTZ I PLA/PBS

Drying Condition 80°C, 12 hr (Vacuum Dryer)
Screw Speed (rpm) 8
Extruder Temp. Z1 (°C) 190
Extruder Temp. Z2 (°C) 200
Extruder Temp. Z3 (°C) 210
Connector Temp. Z4 (°C) 210
Die Temp. Z5 (°C) 210

= < a J 1 @ A ' zﬂy
3. 5 0UIAND MO HENTZHIN PLA/PBS U118t 500 N5y amwa”lammw

A a = <3 o
N9l 80 R waed 1Wumal 12 52114
da! L) a 4 9 A v A = = Yy a
4, Guugﬂmuiﬂ WOALUDINT UAVULATOIDATA INAYIVTUDUIAYI AVYNAUANTT
uriaoy Single Screw Extruder: Thermo Haake® PolyDrive Taely Spinneret: @ 0.5 mm. L/D: 2
< @ ] Y a 4 ' o J A ) =< A
5. LﬂUﬁ’Jf’)ﬂNLﬁuﬂl‘c’JW@ﬁluﬂﬁWﬁmmﬁ%ﬂﬁﬁ'lﬁ’JuﬂthW"luﬂin’JUf]ﬁﬂﬁﬂﬂ

a J a {
6. mmawﬂ’ay)a LLﬁ$3Lﬂ§1$‘Vi@ﬂﬂi"lfJNaﬂ"liﬂﬂaﬂﬁlﬁﬂW’?l}u
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Y v 1] Y
352 yughdulenausznine PLA/PBS Tasmaiiamsiluvaoy aleniestugl
1&uTe Hill’s Lab Modal-100 10394 Lab Scale Bicomponent Extruder Fed Spinning Machine
A5NINARDY

1. MUUADATIAIUNDANOS TN PLA/PBS 96115199 3.3

M99 3.3 ORI IUNDANOS NEUTZHI19 PLA/PBS

1009 PATAIU (%wt)
PLA 100 90 80 70 60 50 0
PBS 0 10 20 30 40 50 100

. P
2. MmuaanIzMIvUgL
- X -
1) gaurginisuugl 230 osruvaidod
< v ~
2) anuisaseulumsonsa 8 souANN
o g ) 3 ] A 3
3) oas1anuE lumsiwnudulen 3 anuGa
(1) 50 o/
(2) 100 59U/H1N
(3) 150 591/11N
< @ [ [ 4 A
3. ifudeudulonauszniie - PLA/PBS enadouaniianiennuiou

AVTANINMN LA AN AFING
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2
U

gﬂ‘ﬁ 3.6 191504 U3 Uidu e Hill’s Lab Modal-100 17594 Lab Scale Bicomponent Extruder Fed

Spinning Machine

3.6 NINAadL
A a 14
3.6.1 MINAADVAVIANT MiavoIneaesneay PLA/PBS
v A ] a ¢ A ~ v J A o
1. nagouartini 1vavee Wanodwesd ienSeumeuduianoawes PLA
1182 PBS A281A3049 Melt Flow Index j1 XRL-400A a510n831521mein
HanNINAao
(Y] I~ o
MINATBVAINSLNIT 1ia (Melt Flow Index, MFI) fio m3mfsuanilunsy
a A ' o s 9 . . &L oA 3 ad o
YoanaraAnaouradN lnaduiinednield Specific Weight ¥aliniioilugurgiindvua
1 H a J 1 a 1 H 1
melunar 10 w1 anldnnmIinagouveInodues UAazYHa UMNUANAN NTNATOL

@

1 o I a
ﬂTﬂTﬁﬂ'ﬁ]’lﬂﬁ ﬂgﬂéﬁfl UN13  Extrusion ﬁﬂlﬂUﬂ"liﬁﬁﬂiJlﬁa'JWﬁ']ﬁﬂﬂGlLlﬂigll@ﬂ“VIﬂﬁ@'U

ad o 2 @ A I3 a < 1
(Cylinder) Mregangiinimuaudrlfnihminnaamuan  mMvua wanad nivadnee Tnaru

u

Y
% ]

@ 4 @ @ Il a { ¥ o @
NIAYUBDBNUN waemﬂuummaﬂnwmﬁmﬂ‘ﬁ”lwaanu*ﬁlﬂ%mmuntﬁaunmm“l 10 WM
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[ [

Y a R A v Id [ 1 a = ds! ] a sol o
i]znlﬂ‘f’ﬂ‘ﬂ@\i MFI vodnandan Fauvulatu asuae 10 M VUDYNUFUANVUINUNUD

a 4
NOAUUDT

51 3.7 n3eemaaouartinig lnavesnoaes Melt Flow Index 31U XRL-400A

MInagoU

1) euiANOANDS WANTENINY PLA/PBS LAz oas1dIu 100/0, 90/10,
80/20, 70/30, 60/40 118 50/50 Zovaz Taniidn 15uas 6-8 3w

2) amazqmﬂ@_ﬁm‘%mmﬁ@u 210 peruaiEed 1hminng 2.16 Alandu
ieﬂizﬁqqmwgﬁm‘%mmﬁ

3) vasyifanedweiidesmsnaaouallunszuongy Ysumm 6 n3y

4 Taunsnalagldhminnauing 2.16 Alansy niunsedss Susunm
deneameinan lnasennnnimed udaziuaziuuanai 10 N7 Ar09zda 3
Tagon Tuila

o w oA d ¥ @ ° 1w oA
5) 1hded1an 1a ldsaimin uazduramadsiing Iua
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A a 14 a 4 T
2. naapuaNians [aveaneames PLA, PBS HATWOANDT HANTLHI
PLA/PBS @181A1304 (Rheometer: Gemini 200HR Nano (Malvern Instruments)
WanMINATOU
A A o A 1 I A A A a o A Yo
NT0INeIARNNY HauvuunuvuilunIealiednyianiianleians
a 4 3’, 1 4 [
Tvamouveaned WosHadNL19ATI1ITININATBIIAANUNHALUY  (Sandwish Viscometer)
4 a d a a a { 1 a [ o
onTIEHuUDMI lavesneananAnueFavAZHABNMAINTINgUHYTANAY Tasazih
msudawalugluuvves anumilan  nldsuniladlidemaminvessnsinmsmeunai

(Steady Flow) tianda331/i 3.8

3 1n3.s ATDINAADUANUHIIA Rheometer: Gemini 200HR Nano (Malvern Instruments)

ANNENMINATU

1) ANUHUIVOIAI0E1 1 Haduns

2) #2730 UWUVUIY (Parallel plate) 2.5 LEUALUAT
3) AN 220, 240, 260 DIFNLTALTYE

4) 93 UNOU 0.1-100 (FASTAADIUIN
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3.6.2 MInageuauIiaANIIANNT oY (Thermal Properties)
LV <3 a
1. ManagevauianaNuiouvs AN a3 ey
2. mManaasvanananudeuveudulonay
HanMINAFOU
L N 9y . Y Aa A 4
NAFOUANIANINAIINIOU (Thermal Properties) [33] Aamataaninesisu
Foadunuilanaeiines (Differential Scanning Calorimeter, DSC) §1 200F 13N NETZSCH
d' A Y d' ] a Jd A ~
insedie DSC lagnesnuuuuiesIe N1z o5 uensnlasunlasvesyiums

a =

malfizeunil migarsemeanuiou Taeialsumanuieuniuananuvesigadiedn

v oo Yy a = Aa A 1Y =\ Y A o ] Aa &
nuiagdosngurgiimeany Taeli lusunsuldinsewihnmsmea ldawesgungiaiamii

Q

4 < @ { @ @
e liisuiudoyaazideasunfiouiennuld wenvinil Dsc Swamnsaldinlsmmanuiou

1 a £ @ Il 4 @ I
ﬂ'lill‘l"liﬂigi]'lﬂﬂ')'lll%}@u ﬂ’)'lll“ljiﬁjﬂﬁﬂl'ﬁ’]\‘lﬁ'lﬁﬂ')@ﬂ'l\?llagguc] 'E'd)ﬂll'lﬂlﬂﬂ LIDZUILTAINDL 1Ju

S 3 A a J
uwun e Iddoyamedaamans Fuihvuieves DSC Miodmszvdoya

d‘ A ) 9 9 a A 4 = A aa 14
31]7] 3.9 130 NagoUaNIANNANNIoUMIEMANAANB T WTEaaUAUNY  LAADI UMD

(Differential Scanning Calorimeter, DSC) ';;'u 200F USHN NETZSCH
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27 AHf 100
%Crystallinity = x (.1)
AHf,, X
AHf = Heat of Fusion of Polymer (J/g)
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£100
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PBSAH,,, = 1103 (J/g)[35]
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3.6.3 NATOUANIANIINBNN (Physical Properties) Fa111 NG A18nd039aN5TA
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3.6.4 NATOUANTATING (Mechanical Properties)
1. NATOUAVTARNNAIUMUADITIAG (Tensile Strength) 11ATFIUMTNATOU
ASTM D 638 [37]
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51 3.12 1T PINATOUANUNUNIUABISIAY (Universal Testing) 8¥0 Lloyd Machine
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2. NATOUAULAANUNUNIUABUTINTZUND (Izod Impact) [38]
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3.6.5 NATOUANUANIINIENIN (Physical Properties)
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.1 Nﬁﬂ1§ﬂﬂﬁﬂﬂﬁ3~l°ﬂﬂﬂ‘l§ﬁﬂ1i‘1ﬁﬁmﬂQWﬂﬂ!Nﬂiﬂﬁuigﬁ’hﬂ PLA/PBS

MINN N1 HAMINATDUAMATLINIG 1A YOINO DI HaANTL1I 119 PLA/PBS

3 o
HIMUD

o daw Melt Temp MFR MVR
danlanadon D (g/em?)
(°C/Load (kg) (2) (/10 min) | (cm?/10min)

PLA 210/2.16 0.641 38.46 34.44 1.11
PLA90:10PBS 210/2.16 0.676 40.56 36.57 1.1
PLAS80:20PBS 210/2.16 0.663 39.78 35.58 1.11
PLA70:30PBS 210/2.16 0.691 41.46 31.14 1.11
PLA60:40PBS 210/2.16 0.624 37.44 62.76 0.59
PLAS50:50PBS 210/2.16 0.627 37.62 94.36 0.39

PBS 210/2.16 0.4861 20.16 49.95 0.58
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DSC imitfmg)
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0°7C, 1303 m¥iimg
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LY q
n.3 wam‘smaauauuﬁmenamaaweﬁmmwamzﬁin PLA/PBS

.3.1 NAARUANIANNNMUNIUADLTIA (Tensile Strength)

Y Y ' > a 14 1
ﬂTﬁTQﬁ .2 Naﬂﬁﬂﬂﬁﬁ)ummmumuﬁauﬂﬁﬁ (Tensile Strength) YDINDAUNDITHEANTSHIN

PLA/PBS
Sample Tensile Strength (MPa) Stress at Break (MPa)

PLA100:0PBS 49.275 49.275
PLA90:10PBS 50.347 52.886
PLAS80:20PBS 40.175 40.149
PLA70:30PBS 40.447 40.172
PLA60:40PBS 33.508 33.501
PLA50:50PBS 25.819 25.819
PLAO:100PBS 19.425 0
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n.3.2 HANIINAABUANOYAAVBIANINTANY

4 1 (Y v a 4
VniNﬁ n.3 Wﬂﬂﬁ‘lﬂﬂﬁﬁ]‘ﬂﬂ1%6@@?["1]@@?1’5111/‘15@1’?@“ (Young's Modulus) UBINDALNDINTY

324719 PLA/PBS

Sample Young's Modulus (MPa)
PLA100:0PBS 2101.775
PLA90:10PBS 1405.019
PLAS80:20PBS 1233.778
PLA70:30PBS 1309.667
PLA60:40PBS 916.554
PLA50:50PBS 971.505
PLAO:100PBS 456.177

1.3.3 HANMINATOUAVTANNUNUNIUADLTINTZUNN (Izod Impact)

v - a 4 1
M3197 1.4 HAMITNATOUAIINNUNIUADLTINTZUNN (Izod Impact) VDINDANDINTNTSHIN

PLA/PBS
Sample AMNITNUABLUTINTZUNN (J/m)

PLA 6.098
PLA90:10PBS 6.251
PLAS80:20PBS 13.776
PLA70:30PBS 9.818
PLAG60:40PBS 7.901
PLA50:50PBS 3.481

PBS 17.843
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v.1 WamInaaauaNIANIINavdUTUleHNaNIZHIING PLA/PBS

naARUENTANNNMUMIUABITIAY vouduleway (Tensile Strength) HazAIANY

Mumuaoussaevoudule (Tenacity)

3199 V.1 auRnNNAUMUABLT IRV UFU oMY (Tensile Strength) tag MANVAIUNIY

' = Y . A 3 9 3 .
aoussnaveaauly (Tenacity) NAINLIINIULNY 50m/min

e o3me Maxload Tenacity %
Sample

(deneir) (deneir) (cN) (cN/der) Elongation

PLA 50m/min 901.755 37.573125 14.45 0.385 324.76

10% PBS 901.755 37.573125 17.10 0.455 583.39

20% PBS 901.755 37.573125 19.54 0.520 563.39

30% PBS 901.755 37.573125 16.87 0.449 420.22

40% PBS 901.755 37.573125 11.13 0.296 455.95

50% PBS 901.755 37.573125 15.32 0.408 361.39

PBS 901.755 37.573125 25.99 0.692 689.54

Y aa ) 1 v . ' v
ﬂTﬁTQﬁ 2.2 fﬁJ‘Uﬁﬂ’3'111@]TL!“VI11!@]@!&5\3&\3"1]@%?(1‘!18“@7“ (Tensﬂe Strength) LAZ A ITUATUNTU

1 . { 3 3 .
A117979v0dU 18 (Tenacity) NANVIFITIUAY 100m/min

weime oime Maxload Tenacity %
Sample

(deneir) (deneir) (cN) (cN/der) Elongation

PLA 100m/min 481.86 20.0775 11.68 0.582 273.80

10% PBS 481.86 20.0775 14.10 0.702 430.62

20% PBS 481.86 20.0775 18.54 0.923 485.37

30% PBS 481.86 20.0775 16.87 0.840 437.72

40% PBS 481.86 20.0775 10.13 0.505 249.81

50% PBS 481.86 20.0775 9.17 0.457 219.18

PBS 481.86 20.0775 24.85 1.238 523.20
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m319f ¥.3 auannudumudeusedaveudulonay (Tensile Strength) HAZ AIAIUATUNIY

' { 5 3
A3 97 9v0udH 18 (Tenacity) NANMFIIUAY 150m/min

e Woime Maxload Tenacity %
Sample

(deneir) (deneir) (cN) (cN/der) Elongation

PLA 150m/min 323.01 13.45875 12.34 0.917 206.59

10% PBS 323.01 13.45875 11.99 0.891 468.84

20% PBS 323.01 13.45875 12.36 0.918 345.27

30% PBS 323.01 13.45875 12.94 0.961 237.07

40% PBS 323.01 13.45875 8.49 0.631 216.47

50% PBS 323.01 13.45875 7.39 0.549 202.29

PBS 323.01 13.45875 22.79 1.693 486.52
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v.3 HAMINATOUNTHAMNIVUTU]Y (Fiber Shrinkage Testing) 551319 PLA/PBS

Y A (J { 1 @ 1 <
VniNﬁ V.4 ﬁmmmimmmmgﬁ'ﬂﬂ (Fiber Shrinkage Testing) NAagonIdIU LazANG?

Ty
Sample % Shrinkage

PLA3052D 50m/min 7.13
10% PBS 9.53

20% PBS 9.57

30% PBS 9.11

40% PBS 9.09

50% PBS 9.30

PBS 9.90
PLA3052D 100m/min 6.30
10% PBS 9.27

20% PBS 9.46

30% PBS 8.88

40% PBS 8.76

50% PBS 8.33

PBS 9.63
PLA3052D 150m/min 4.80
10% PBS 9.22

20% PBS 9.41

30% PBS 8.74

40% PBS 8.43

50% PBS 8.23

PBS 9.57
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Poly(lactic acid) and Poly(butylene succinate) Blend Fibers
Prepared by Melt Spinning Technique
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“PIT Research and Technology Instimute, Phra Nakhon Si dyutthaya 13170, Thailand

Abstract

Poly(lactic acid) (PLA) and poly(butylene succinate) (PBS) were blended in a twin screw extruder at various contents
of PBS from 0-50 wt%. PLA/PBS blends were melt spun using a single screw extruder equipped with multifilaments
spinnerette. The effect of PBS contents on morphology, thermal and mechanical properties of PLA/PBS blend fiber
was investigated SEM micrographs indicated that the addition of PBS at 10 wt®s was miscible with PLA while the
other contents of PBS exhibited phase separation in the blends. The incorporation of PBS affected on the declination
of crystallinity in the blends. It can be noted that the additon of PBS could enhance the elasticity of PLA/PBS blend
fibers.

© 2013 The Authors. Published by Elsevier BV.

Selection and peer-review under respoasibility of COE of Sustainalble Energy System. Rajamangzalas University of Technology
Thanyabun (RMUTT)

Keyword:: poly(lactic acid): poly(butylene succinate); melt spirming. miscibility; crystallinity

1. Introduction

In the present day. biodegradable polymers have been promoting for production due to our
consideration of the environment. Poly(lactic acid) (PLA) 1s a2 biodegradable polymer, which dertved from
renewable resources. It has now been prompt for using m plastic industnes. However, there 15 less
mformation for applying in textile mdustry. PLA is generally known as a bnttle matenal and low
crystallization polymer [1-3]. The blending with elastomeric or ductility polymers would enhance PLA

* Comresponding author. Tel : +66 2 540 3450, fax'+56 2 540 3452,
E-maii address-gibza_p45@hotmail com. supaphorm tiden rutrac th.

1876-6102 © 2013 The Authors. Published by Elsevier B'V.
Sdecﬁonlpdpes—lwiewmdsmi:ﬂnydOOE of Sustamalble Energy System Rajamangala University of Technology

Thanyabun RMUTT)
doi:10.1016/).egypro.2013.06.777
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deformation [4-7], especially for fiber spimning Binary and ternary blends of PLA with thermoplastic
atarch (TPS) and poly(butylene adipate-co-terephthalate) (PBAT) were researched by Ren et al [4]. This
research showed that the mechanical properties, especially ductility of the blends exhibited dramatic
improvement when increasing PBAT contents. Su et al [5] enhanced the ductility of PLA by blending
with glycidyl methacrylate grafted poly(ethylene octane)

Poly(butylene succinate) (PBS) 15 biodegradble polymer. which denved from petroleum resources. PBS 15
good 1n elasticity and well in crystallization. The mcorporation of PBS would improve PLA properties.
Harada et al [6] studied on improving impact strength of PLA/PBS blends by using a reactive processing
agent. Yokohara et al [7] focused on muscibility and erystalhization of PLA and PBS blend. This research
presented that PLA and PBS were immuscible. However, the crystallimty of PLA could enhance by
nucleating ability of PBS.

PLA fiber spinning was researched by schmck et al [8]. They used a high speed spinning process and
studied the effect of melt spinning conditions on the develpoment of fibers structure, which further used
for textile applications. Takasaki et al [9] also used hish speed melt spinning process for polylactides fiber
and focused on the structure and onentation of the fibers. Xu et al [10] prepared chitosan/PLA blend
micro- and nano- fibers by elecrtrospinning technique. PLA was blended with polypropylene (PP) for
improved the hydrolysis resistance biodegradation and dyeability of PLA. This research was clanfied by
Reddyetal [11].

The amm of this research was prepared PLA/PBS blends compouning for fiber spinning in textile
application. The ratio of PLA-PBS was vaned from 90:10, 80:20, 70:30, 60:40 and 50:50. Morphology,
thermal properties and mechanical performance of PLA/PBS blends were summanzed for fabnication
PLA:PBS blends fibers.

2. Experimental

2.1. Materials

Poly(lactic acid) (PLA) (grade 3051D) was supplied from NatwreWorks LLC, USA. Poly(butylene
succinate) (PBS) was suppliedfrom Mitsubishi Chemical, Japan.

2.2. Compounding and Fiber Preparation

PLA and PBS were dned in an oven at temperature of 80 °C for at least 12 howrs before compounding
n a twin screw extruder. The bamel temperature was set at 140-165 °C wath screw speed of 80 1pm. The
ratios of PLA and PBS (PLA:PBS) by weight ratio in the blends were 90:10, 80:20, 70:30, 60:40 and
50:50. The neat PLA and PBS were also prepared a: controls. PLA/PBS blends were compression-
molded to dumbbell specimens at temperature set of 190 “C for mechanical and physical testing. The
specimen designation will be referred to the content of PLA and PBS. For example, PLAS0:PBS50 15
PLA 50 wt% and PBS 50 wt%.

The blends were dned in the oven at temperature of 80 °C for at least 12 hours. After that the blends
were melt-spun by a single screw extruder equiped with multifilments spinnerette at barrel temperature of
190-210 °C with screw speed of 8 rpm. The melt spun PLA/PBS blends were collected.

107



Lalita Jompang et al. / Energy Procedia 34 (2013) 493 - 499

2.3. Characterization

Thermal properties of the blend was camed out by differential scanning calonmetry (NETZSCH, DSC
200 F3) at 30-200 °C at heating and cooling rate of 10 °C/min and 5 °C/mun, respectively.

Morphological analysis of fibers was performed by using a scanmng electron microscope (SEM)
(JEOL/JSM-5410LV) set at 15 kV. Gold was sputtered onto the specimens for electron conductivity.

Tensile Properties was mnvestigated by an INSTRON universal testing machine INSTRONS5560). The
gauge length was 100 mm. The extension rate was 10 mm/min Five specimens were tested for each
condition.

3. Results and Discussion

3.1. Thermal Properties of PLA/PBS

BlendsFig. 1 (a) shows DSC melting thermograms of PLA/PBS blends and neat matenals. PLA and
PBS thermograms exhibit endothermic peak around 171 °C and 113 °C, which indicated the melting
temperature (T,) of PLA and PBS. respectively. The thermograms of PLA/PBS blends present two
distingwish endothermic peaks around 169-172 °C and 110-113 °C, which represented the melting
temperature of PLA and PBS, respectively. From the results, 1t was indicated that PLA and PBS were
mmmiscible. In addition, 1t can be seen that there were two melting peaks of PLA m PLA:PBS blend at
50:50 ratio. It was due to melting behavior of difference crystal size in thus blend [12].

Crystallization behavior of neat polymers and the blends 15 shown in Fig. 1 (b). PLA was generally
known 1n low crystalhization charactenstic, which can be zeen a low intensity of exothermic peak of PLA
as presented m Fig. 1 (b). The crystallization femperature (T,) of PLA was around 92.8 °C. On the other
hand. PBS 15 crystallized easier than the PLA which was clearly observed of exothermic peak m DSC
cooling cycle of PBS. The crystallization temperature (T,) of PLA was shown at 68.3 °C. There were two
exothermic peaks in PLA:PBS blends at PBS contents of 30, 40 and 50 wt% while there was only one
exothermic peak of low PBS contents of 10 and 20 wt%, which the intensity of PLA crystallization peak
mn these blends were higher than neat PLA It could be considered that PBS would aad m PLA
crystallization However, the intensity of PBS exothermuc peak in the blends was decreased when PLA
contents increased. It was attnbuted to PBS crystallized retardation by PLA.
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Fig 1. DSC thermograms of PLA, PBS and the blends
(a) melting endotherms (b) crystallization exotherms.

Thermal properties of neat polymers and the blends are summarized in Tables 1 and 2. Crystallinity of
PLA in the blends increased when increasing PBS contents. On the contrary. crystallinity of PBS was
suppressed when adding high PLA contents. From the results. 1t was considered that PBS would act as
nucleation site for PLA in order to crystallization while PLA inhibited PBS crystallization

Table 1. Thermal properties of PLA in the blends.

PLAPBS PLA
blend To(Q  T.(C  Crystallinity %)
Neat PLA 1715 028 407
90:10 122 909 426
80:20 170.6 88.7 452
70:30 1624 88.7 474
60:40 1700 87 405
50:50 160.3.1733 89 50.8

Table 2. Thermal properties of PBS mn the blends.

PBS
PLAPBS blend T,(°C) T (°C) Crystallinity (%)

100:0 = - -

90:10 1111 - 493
80:20 111.8 -

70:30 110.7 66.1 56.1

60:40 1124 682 582

50:50 1125 67.8 53.7
0:100 113.0 68.3 63.8

109



Lalita Jompang et al. / Energy Procedia 34 (2013) 493 - 499

3.2. Morphology of PLA:PBS blends

Fig. 2 presents SEM photographs of PLA:PBS blends. It can be seen brittle fractured surface of PLA
and PLA/PBS blends. PLA and PBS were immiscible and exhibited phase separation in these blends.
However, PBS was well dispersed in PLA matrix. which would enhanced toughness in the PLA:PBS
blends.

Fig 2. SEM photographs of (a) neat PLA (b) 90:10 blends (c) 80:20 blends
(d) 70:30 blends (e) 60-40 blends (£) 50:50 blends (scale bar is 100 pm).

3.3. Mechanical properties of PLA:PBS blends

Fig 3. exhubits tensile modulus of PLA:PBS blends compression molded. PLA shows the highest
modulus, which 1t generally known that PLA has been good i tensile properties [1]. The incorporation of
PBS 1n the blends yielded the declination of tensile modulus of PLA:PBS blends due to low stiffness and
ductility of PBS. Furthermore, it was attribute to less interfacial adhesion between PBS and PLA matrix,
especially when increasing PBS contents. It can be note that poor adhesion between PLA and PBS as
dispersed phase resulted in poor stress transferred during tensile loading [13-14]. Therefore. tensile
strength of the PLA:PBS blends was also not improved as shown in Fig. 4.

110
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Tensile modulus (GPa)

PLA  90:10 80:20 70:30 60:40 50:50 PBS

Fig.3. Tensile modulus of neat PLA. PBS and the blends.

2 2

Tensile strength (MPa)
z &

PLA  90:10 $0:20 70:30 60:40 50:50 PBS

Fig 4. Tensile strength of neat PLA., PBS and the blends.

3.4.Characteristic of PLA:PBS blends fiber

Thermal properties and morphology results indicated that PLA and PBS were immiscible and
exhibited phase separation. On the contrary, the tensile properties of the blend showed good tensile
modulus and strength when adding PBS up to 30 wt%. Nevertheless all blends were melt-spun 1n a single
screw extruder at take up speeds of 50. 100 and 150 m/min Melt-spun PLA/PBS fiber could be collected
at the take up speed less than 150 m/min. The blend fiber of PLA:PBS at 80:20 ratio could be spun but 1t

was discontinuous spinning. It was probably due to imnuscible between PLA and PBS and the unfine
of PBS dispersed sizes. Moreover, the increaing of PBS contents in the blends made it difficult to
spinning. Therefore, PLA/PBS blends of 90:10 ratio could be spun and successfully collected at the take
upspeed of 50 m/min as shown in Fig 5.
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Fig 5. PLA:PBS blends fibers for melt spinning technique.

4. Conclusions

The blending of PBS in PLA enhanced the blends ductility but less stiffness, which resulting in the
declination of tensile modulus of PLA:PBS blends. DSC and SEM results indicated that PLA was not

miscible with PBS, especially there was a phase separation in the blends. PBS dispersed particles in the

blends influenced on the discontinuous fiber spinning. It can be note that PLA-PBS blend fiber was

successfully prepared from 90:10 PLA]PBS blend ratio, which would applied it for textile applications.
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Development on properties of novel polymer blend Fiber between

Poly(trimethylene terephtalate) and Poly(lactic acid)
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UnAata

FudsniiimInauwad lasahiumnanian (PTT)  uRzwadman@nuada (PLA) AaasEIwIn
PTTIPLA i 100/0, 90/10, 80/20, 70730, 60/40, 50/50, 0/100 FBIASBITAIARLLINTL MUK TN
ﬂﬁi’?uzmﬁﬂﬁﬁmmﬂﬂﬂnﬁ'ﬁuzﬂLﬁ'ulm.mumammm AdaTmsiawiuiely 50 waz 100 m/min G
mmsm‘?vujmﬁulu PTT/PLA lefiadasnean PTT/PLA i 80/20 Timiwrimsinsnnaasdasdunasne
SuafsuRddasutavanduls PTT/PLA 1 nmsamau woin sienanduwadnuas PTT aeas dia
U5 PLA Lusdwladindn vinlsenmsnasavaaduls  PTT/PLA aaas voefienmsiae wazaana
wisussvanduly (tenacity) aaad Hia991n PLA \iAMTLEasanIn 61 tenacity vasduls PTT/PLA §
fngeaATisaTIAw PTT/PLA 7i 90/10 fisammumismfAvidily 50 mimin

fman anudunan, anuudssssanduly, wadwafum, madasann

Abstract

PTT and PLA were blended in a twin screw extruder at PTT/PLA blend ratios of 100/0, 90/10, 80/20,
70/30, 60/40, 50/560 and 0/100. The PTT/PLA blends were melt-spun into fibers by melt spinning
technique. It can be noted that the PTT/PLA blends fibers were successfully spun fibers at PLA contents
up to 20 wt%. The effect of blend ratios on properties of polymer blends and fibers was investigated.
From the results, crystallinity of PTT decreased when increasing PLA contents in the blends fibers.
Therefore, shrinkage of the blends fibers was decreased while elongation and tenacity of the blends
fibers decreased. The 90/10 blend fiber exhibited the optimum tenacity at take up speed of 50 m/min.

Keywords: crystallinity, tenacity, polymer blend, degradation
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Effect of Processing Conditions on Properties of Poly(lactic acid) and
Poly(butylene succinate) Blend Fibers
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undada

wivunadwadnauszwine  PLA uaz PBS lwdasdntnuuuinBomuaws flfinoe PBS 1050 wi%
11mfwhmﬁ'u§1hfulunaﬁwa{ulu PLAPBS i‘mm:ummnﬁmumaaumm fldgasnhmsdwdiy
wuly 50, 100 ua: 150 m/min GazAnMWaIBsFR M NBIWBRWaTHALLAzs U lumsdwAuduly
daauifvandulowafiuashay  PLAPBS wasdnmnauilinvwmsnmuasassiiinaranduly 9
msdnnaudimesnudausesdils PLaPes wuih smutdundnues PLA  lwdwlonavanas ula
Ve pes Ludulgnmuduiy dswalisinnswestvaadile pLares Juwilifuwedianas voisilin
aruefusvandils  wacenusunsolumsdesvesdulaviviu Teoidwuedusmaaduly
PLAPBS 333 agini3um PBS 30 wik fidenmawfiutdila 150 mimin

aman mswad, anaudundn, walwaduau, duly, Sanmahuiy

Abstract

Poly(lactic acid) (PLA) and poly(butylene succinate) (PBS) blend were compounded in a twin screw
extruder at PBS contents of 10-50 wt%. PLA/PBS blend fibers were fabricated using melt spinning
technique with varied winding speed of 50, 100 and 150 m/min. The effects of blend ratios and wining
speed on properties of the PLA/PBS blend fibers were investgated. From the results, crystallinity of PLA
in the fiber d d with il ing PBS ts. Therefore, shrinkage of the blend fibers decreased
while tenacity and elongation of the PLA/PBS blands fibers increased. It can be noted that the maximum
tenacity of the PLA/PBS blend fiber was found at PBS contents of 30 wt% at winding speed of 150
m/min

Keywords: shrinkage, crystallinity, polymer blend, fiber, winding speed
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1. Ui

waRLan@Anwada (poly(lactic Acid, PLA) 1w
wansandassas lensianwign sl s wRn e
adnsiasitas Liian"lmﬂwwmaﬁnﬁﬂmﬂ:ﬁmnﬁq
r3suTd PLA  idunadwednduwafitomnad i
ansaula Tanaudaussgs sunsndossueld du
Jastufsuianas Lm:ﬂ']m*u*snﬂ']'lﬂ‘l'ﬁa”m‘ﬁﬁgﬂ
HAAFATAETS 9 1% UUTTIAIN uaziannens
pnnd wasdwualiafidisnldnawnuwangani
ﬂ“aLﬂ?]:vf’.nnﬁ1i@fqﬁu1u@mﬁﬁﬁnﬁimﬂT@iLﬂﬁ [1-4]
adnalsfiana PLA L Duwadinadiidsns uazd
winsnwdaanuiondn  aududadinelunng
ﬂs:gn@ﬂ'ﬁmwm PLA B4 TWeduisna s
diulgatardauas PLA Taur nrmeaanduauls
YBINDRLIBIHTY mmi’uﬂjﬂﬂﬂﬂ‘hm%aﬂ%'uﬂ;ia
Aawinaeai w‘%amsﬂ%’uUiq-:m:mumﬁ;ugﬂ [5-
8]

Reddy wazame [5] fnsnisaisadulowad
WasuauTendng PLA fiu waawsadaw (PP) 210
NTANINUIN PLA waz PP a1uasattniule
s ulowafiwasnauszring PLAPP fia3ow
16 mansndeanldsof Disperse waziimnifinuda
msgiselaleslagmmni

UFHN NatureWorks LLC u#®polydilactide-
based fiber (Ingeo ) ﬁmm‘mﬁwmﬂs:qnﬁl‘ﬁﬁ’u
uAsmaaNIEM [1]

Kenawy Wazdmw [8] ﬁ"un”l*si’?u;sﬂl,ﬁ’ulu-waama*f
HFRITTAINY poy(e’[hy!ene—co-vinylacetate) fiu PLA
drnnszuauniswinlonuolwdsfie Taold
tetracycline hydrochloride Luaavinazans idulaw
Tuvaswaiainmaiiiasonle i lddszgndldidu
adnsolinasm

wadlasiufdutnisinitan (polytrimethyl
terephthalate, PTT) duwadweilungsuuninaiie
mans sl leaduuas PTT fin anuudosouas
arudangug fioslFnumsaudma adnslsfians
PTT fitasnia Iéun nenaaddaidinoaian uas

Taimansadesaanglamasssuma [9-11]

AT I e TN TN GE AT 1/5=991] w.e. 2556

16-18 ganax 2556 wWnen gays

Wu wazame [10] ﬁnm‘[mwﬁ"ﬂm‘mzﬂuﬁﬁmaa
wulo  PTT fildannszuaunisdudulonoy
WRUMAIAILAHGT g4 (high-speed melt spun
technique) Taginmsdsuanaiasanlumssamdiy
ulofi 058 km/min annEnEi wodn sl
PTT a‘?mﬂ”m‘%mﬁug‘mqwﬁmwEu‘lumm’nmﬁu 3
uar 4 km/min savtauloazidnsaslasiadonuue
a”m_g”mﬁmmﬁﬂumsﬁumﬁu@‘iw U AAINY
wisnssvaaduly uazmsfinds TuwlinAuiu e
Winenas lumswAoauls

Zou uazaniz [11] late3nanwafimaiuaaszning
PTT way PLA LRz@nsaudasunsiauan auda
V9N LRZANTHRUAANEGIINTIUINATT 18 AT IAT F
INMSANE1H Wi PTT waz PLA unadima?
Nﬁu‘ﬁ'mmmL'ﬂ”"uﬁu'lfﬂ'luimws"wﬁlﬁwuuaﬂ“’mgm
PTT waz PLA Simsfienanfivanainii laofiains
UT U964 Lmzmsﬂﬂﬁmﬁ'gﬂmm@m iadsum
PLA 1ADAW 31na1wi50i waasliidinin waiiwad
HANTT%d1s PTT Ay PLA dnnsdasaatalas
nazuaumslalas lafaiain

TR Rasduloan PTT uaz PLA
Tamaouaulawafiwaiuauszning PTT waz PLA
(PTT/PLA) MazfinwHavadaa uTadnaatladne:
wazaassoulummwi el fiddestinva
vandulowaiwaiuasinine  PTT/PLA Wians

Uszgndlinuduiinadall

2. 3Fmyaniisan
2.1 749

1. PLA 1n3@ 2003D (NatureWorks, LLC, USA.)

2. PTT tns@ 509200 nnusdnludszmaiv
2.2 MTSEANDAINA THANTINI 19 PTT/PLA

11 PTT uaz PLA BU‘ﬁqmvﬁQﬂ 80 °C dutan
6 talas niueSouwainaduanszwing PTT fAu
PLA (PTT/PLA) ‘ﬁﬁmi?ﬁ’]% PTT/PLA 100/0, 90/10,
80/20, 70/30, 60/40, 50/50 waz 0/100 wit% I‘I,I.Lﬂai‘ﬂx‘l
dA3ALULINELIWkERs (Brabender D-47055 Duibury

Twin Screw Extruder, Gerrnany) ﬁ@mﬁﬂﬁ 270 °C
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1. umi

Rk Utinemsldnm wadwafifviuade
dafas Tnoam:walwaddnwnzilundunaradin
Yoada dhwinun  Jenuufousegs  mumuda
sl 9 uazmnsabhnduanidinlld
wiadugunsal  wlawdasfawdaslivha g W
athslsfimu Wadanmsnlia uazmslsu wanadin
wivfuaddailas dswaliihe Jomlumsidanse:
wnadn uasiymdwedan asnanuamuda
amMzwmdouvan adin wazldanunsn davaay
dnfunwomanilslumsand gwiwisnin fla maly
wanadnilaansodagaanole

waadnaansndavaaole in waluandn
uadn (PLA) walilhifudndiua (PBS) wallawsan
fdanlwan (PHA)  JauuBilomanzaulunfusy)
unlarioeisns 9 U330 PLA ua: Pes Sna
msl¥nuiuu uitaduraswanadinioresslia da
Jreuns uazifavanm  meemadan Whonn
NSzUTUMSHER wananil PLA  Janwmeudauin:
voril PBS dmdedaild ends maddidsnsld
M PLA uaz PBS aunsnmletanmaeloudune
Swafnau (12 wlanvWnaduedaiaysuse
aud v wilwead wiodulusssund (3-4]

1uil 2007 Bhatia wazams (1] Ainviwalwat

wauimansndasanigldmsBamn PLA ua: PBS
wlavantSiduussadoal nnnvsdnunweh msde
dvamaliwadiauswing PLA uaz PBA tufu
dovtinm pes  lunawadnauiudu  a:
msdnniinuiweswainauswiy PLA ua: PBS
fenuausolumsanddtasdn anms
Sienznasivaauauinnamtan auddinena
uazdmaminm

Yokohara Ua: Yamaguchi [2] dnmaul@iuas
Tassatvasnalwaduauszwizg PLA Ua: PBS Ha
Anmsfinemuimeiwahibaasrfiadniswaueoy
Lji¥rii (immiscible blend) Wadwasifiamsusning
gannfuatethian  ua: idgandu PLAPBS i

malrginmywnuinnrugaemms Yizéil wa. 2556
16-18 gernu 2556 wnen vayT

80720 WumMsnIzNudINavas PBS LU PLA vhiW
wadwasuaudausEmsmsadaiuandu

Tumsuszgnsly PLA wa: PBS Tunuiuina
11nms‘u;ﬂ;h‘lutsmﬂ:vfi‘mmaﬁamﬂfunau
(mett spinning) Adanscidwdloguudaiitas
wuh PLA daildnemwlumsfugush asmn pLa
wn: wadmsdadantas Wimnzautumsfugdu
wilogmsuudaiilas (continuous  filament) 310
Jywand 12 $aldimsdnni®ns Wsinlsansiu
sduly  PLA Tnowauiy PBS Adsnudemdud
muronuanudantetly 200 °c  Taoliidvanmw
uasdonunityags

awoilidums  Wudsaunifaadule
dnenod nwaluaduau swihe  PLAUAR:  PBS
hnﬁms:u’m{ugﬂtiulud’amﬂ:i wuuidulogm
daitas uazRudnomwifamndivdvasnaio
Twgnrsfdnndndwavasnszuiwnmsniia 16 uni
dwiusasnadwaduay uazanudlumaiwiy
duly idaaudvandulunaiwainay PLAPBS

2. fuaaumsiiuan
2.1 7aq

- PLA (ns% 30520 (NatureWorks, LLC, USA)
#eBimTing (MFR) 14 g/10 min

- PBS (N FZO1PD wwrilmsina (MFR) 6
/10 min
2.2%8nsnAany

a¥ou walwaduauday tndasdnauuy indon
wuaug da@nsni PLAPBS fa 100:0, 90:10,
80:20, 70:30, 60-40, 50.50 Ua:z 0:100 wt%

‘u;ﬂdu'lnnaﬁua'fums:nha PLAPBS #iU
AssiMMTUMLIEHRaY (WAD (mek spinning) #7D
15923 Lab scale bicomponent extruder fed spinning
mactina. Tavihudwnadiwafauifaangd 80 ° (u
i 12 $alus miudugdlofgunnd 230 °c
fdasuiimsdwiuduly 50, 100 uaz 150 m/min
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a13157580 100 rpm
& %

2.3 mmu;:ﬂl.aﬂﬂ

nslusdhdulovaswaimaiuauszndng
PTT/PLA  lameTasdiugdhdulomasasdlsznay
(Hills:Lab Scale Bicomponent Extruder Fed Spinning
Machine) 4 LBS-100 da3ufl 1 amewpiilwnnsdugy
270 °C e lumsanduauly 50 uaz 100

m/min

s ms’ﬁuﬁdliﬂﬂmln‘%an‘fuiﬂla?u'luﬁaoaqﬁdi:nau
(Hills:Lab Scale Bicomponent Extruder Fed Spinning
Machine)

3. MInaday
naFIURILAMT Iasawa R Ue SHANGI nIAG D
Capillary Rheometer amwnaliinisnagay 270 °C
nasaualdintsaasantasdulawaiiues
waztdwlavaswadimasuay  PTT/PLA é2ainaila
Differential Scanning Calorimetry: NETZSCH DSC
200 F3 amngiinisnasey 30-300 °C ATl
aFan 10 °C/min
naRgUMTRan v uiuly (Fiber  Shrinkage
Testing) d30wnA%a Boiling shrinkage AN313Na5311
nsneday ASTM D 5104-02
nesauALUAUTANINaTaflanaasIINg
PTT/PLA s2810309 Instron AUIATTIUMTNATDL
ASTM D 3822-01

4. HANITNAADY
o a ¢ g v
4.1 HAMSASHHNDALH D THAN ua:ﬂuzmmﬂﬂ
maluglwadiaatum ﬁaali’qmﬂgﬂmﬁugﬂ
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MU TIIMITe IR AT ING SN rzinil w.a. 2556

16-18 ganau 2556 wio ﬂaiﬁ

i 270 °C danalit PLA \ianmideuanin wai
wadngufisananirensfianisuansazsua e
fawizdn vHavRugsina. PLA Tuwadwadnas 3¢
foufiusaadnonasnainaufivaany wazildue
Lﬁaﬁugmﬁﬂum‘lﬂ

ﬁnﬂmii‘r’lvuzmﬁu‘ln PLA ﬁqmﬂ{}ﬁmi
wADUAIT 230 °C ifilof laTanuosla Sannusin
RS aansnsimfiveuly Asaurasmssiawiiy 50
uaz 100 m/min T@ﬂ'ﬁ'mﬁwﬁmﬁ?ﬂu PTT uaz tauly
IINNDAMBTHANYRY PTT/PLA 'ﬁgmﬂqa‘i 270 °C
mm‘m'ﬂ‘fujmﬁ?‘ulu PTT o wiulodnwmzau laid
A77133 U197 LLazmmmi’;ujﬂLﬁmﬂlﬂwaﬁma%mu
PTT/IPLA leiaasaan PLA Liifiu 20 wi% #say
PBINTINAWLNY 50 ez 100 mimin
4.2 HANINAADUANGANT WA

31J~7i2 uRaIANTANIT IwaTaIna Ao fuay
PTT/PLA snmsnaaas wuin PLA denaanuwilasn
i PTT fnlssnanamiiaaswaie Suayaasii
Sameautad PLA luwaRiasuaundii dralwwe
Swasuanainsnlnalding 1fiasan PLA ians
LﬁlauﬂnwwﬁQMﬁgﬁgu
Tt o AT
oy
Bl coihipt

—— SO%PLAPTT T270
—— 100%FTT_T270

Viscasity [Pas)

1 0 100
shear rate (1is)

= ar a I3
35U 2 uamedasinisinavaswedweskay PTT/PLA

4.3 Han1mMadaUANTENI9AN O

a7 1 wasaRiEnanasawTaniulowa
frlaiuaznafiasuay PTT/PLA 9MNRANNTNAREY
fanmniinmInaasuan (T,) wazdamnnianiug
adunia (T,) 189 PTT uaz PLA lwdulowadiwed
wazidulowafiaduay a1l donulas waasin
wadatugy PTT/PLA wuwadisasuanuwuy i



23 5msmadavuaziiasisina

- nerauauddmsinavaswalwaduan n
mswerumilaifgamgd 230 °c Wwwdameaay
aUUAMsIna Rheometer Gemini 200HR nano

- nesauauBaud@meanudau domaile
Differential scanning ~ calorimeter (DSC) flgoanndl
30-200 °C Aganmsl¥anudan 10 °C /min

. NerauauIRaudd menavanduly ¥
wdaaneaauaiunys:as Instron universal testing
machine AUINATITH ASTM D 3822-01

- meAaumMmwdaaduly (Fiber Shrinkage
Testing) wiuinwila boiling shrinkage AWAATIIH
ASTM D 5104-02

3. HAMMAADY
3.1 mnidimsinavasnadwad uas nolwaduay
Uit 1 uawskamsTanumilerasnaiiued
wauitdanmadauds 9 wuh dadan msian
wvdu amunile vas wol wadnay anas uaz uaws
wo@nssumsinauuuy  Tewaadin  (Pseudoplastic
flow) #ia igarudawAuiunumiteduaivanss
(5) wazlqunndmsmeaauidoddic wuit PLA. S
anuniladil PBS uansliiiui PLA aansotua
1Whonih PBS nuammeaas wuh aifiv PBS
Tunalwaduay wrunlevarwaluaduaudiuiu
mslnavaawalwedanay  tarhliwalwaduay
PLAPBS aunsnnkdaguingiiteg uasdtafiosmw
s:wi‘ums{ugﬂtﬁu‘u

: e "“ﬂ
1 &
w| S =
- e A T ‘
. @ Ve AN sl

Shear rabe (W)
1 ferumileves PLA, PBS  us:woRiwedumu 0

qngil 230 °C

maeginmsenuinnrugaemmy Yizéril wa. 2556
16-18 gernu 2556 wnen vayT
3.2 andGmeanaiawvanduly
Ml 1 uaz 2 uamsauUEmsanudauras
PLA ua: PBS lwduluwafiwafuazidulowafad
Wy el 1 wuh qoimgdluns
waguinad (T,) 129 PLA lwduloshs 9 dérsenin
150-153 °C woasilein T,, 129 PBS lwduly PBS ua:
wlowafwaduay PLAPBS agil 111-113°C
st 2 Tauili T, w89 PLA ua: PBS luduluwa
Swadnay Twnbiviudouas datine Pes
vindu uansimaiwailiiemsidavanmwan
smudausninnsuunseda wananil ;munse
anflwdasduldi PLA ua: PBS luwalwatuay
uyylit i (immiscible blend)

w1 malimeenadouves PLA lhwdulumedied un:
wiilowedwefususzning PLA fu PBS

nens i | 700 | Ay | ¥V

PLA

1000 (PLA) 1508 201 N3
%10 w1 | 248 203
8020 153.0 197 264
70:30 126 | 183 234
6040 w27 | 127 228
5050 1825 | 86 186

w2 musmesrudeuses PBS lwsuluwedied ua:

idulewedweodummwing PLA fy PBS
PLAPES rato | T.00) | Ay | - TR ot

PBS

90:10 1ma4 29 268
8020 1120 18 352
70:30 1122 143 431
6040 1129 201 455
5050 1130 314 569
0:100 (PBS) 138 664 602

AW Heat of fusion (AH) Wéwnm
Vhnaenuidunln (Crystallinity)  [6)  Taosin
crystallinity %283 PLA ua: PBS iljl]u’.m‘maﬂ 1 ua:
2 Mudwy NnRamIMeaas wuh Wanaemnadu
ulnvas PLA diranas wyncilinuduninsas
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1% (immiscible blend) [5] M sFwImea1a3L I
HAN (% crystallinity) wudi snamutdusnanues PLA
Twdulawedwainauiuw liiuanas uaasin PTT
Tarremafiandnvas PLA [11] pafianamuisn
andnidfsin lwymeidamaduainuas PTT
Fuwwalifumens WatFinm PLA luwadsiafussni
$Nd% BRAT1 PLA Tauaemsifienanuas PTT
v il PTT luwafwafuranfianinaans uaz
pnssHaliiRulpvaswafesuruiisaanundsuss

wonduladnasle [11]

= e @ a = € w
A7 1 FUUR mmmﬂmaumamau‘luwaaLuasuaztmﬂu W

fwafusu PTT/PLA

Tm(*c) Torc) %Crystallinity
sample PTT PLA | BTT[ | PLA | PTT | PLA
PTT 100% 2278 425 - 420 S
PTT0MOPLA | 2272 424 % 42267 3
PTTB0/Z0PLA 2278 1488 426 39672 | 35669
PTTTOROPLA | 2268 | 1527 | 435 | &83 | 39267 | aeos
PTTEOMOPLA | 2265 | 1504 | 424 | 881 | 32771 | 5997
PTTSOBO0PLA | 2265 | 1512 | 435 | 682 | 39228 | 7548
PLAZODSD100% | - 1480 - 579 - 30.360

4.5 yAansnARUANTANTIHAGIDaIARlY
HANSNAREUMIHAT Taadwlawaiiuaiua:
wuliaswaiosuaybRaaIan TN 2 INHAMS
naaay wuin tiule PLA s‘]mm‘m@lrﬁl‘nﬁga LEA997
iianiswada lding Feitesflunaniainnis
iananwas PLA luduly Lﬁﬂfuﬁﬂﬁqmﬂgﬁga
lunefidinsnasavasndulowadiuafurs fda
amad difisufiusnmswashaanduls PTT Geines
WunasnananadlunEnuesweiiuafurainaas
WarSanm PLA luwaRiadusanfiuannion [11] \ia
AITINEINTH AR VBT UL 8AI TSI RIAL
@i wodnisasndalumsdaiuiede dans
wadvanduly  PTT uazidulawadiaasuay
PTT/PLA aans Gadunssnannidulofianmssasos
d@aldan 'ﬁmmﬁqlumsﬁqmﬁugﬂ (1] 74
wwaliinlumswasanaass Tasfdulowaiwesuas
PTT/PLA figamiaan 90110 fifmswasdafisniigadi

gasmswAuLEsls 100 m/min
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My ITIneRIAInTINaaa N 1lszaail woa. 2556
16-18 9a1A3 2556 Wi TaUT
as19R 2 msnadzasdulonay PTTPLA fidgasimsdon
wuawla 50 waz 100 m/min

% Shrinkage % Shrinkage
Sample 2
50 (m/min) 100 (m/min)
PTT 100% 114 97
PTT90/10PLA 0.7 04
PTT80/20PLA 44 24
PLA2003D100% 477 474

4.6 HANIINAADUANTALZINATDILAW LY UAZLA
Towafimasuas PTT/PLA

Eﬂ'ﬁ 3 uaAaFANULTINSITREULY (tenacity)
Tuidnloweiwafuanidulowafuasuay PTT/PLA
mngﬂﬁ' 5 WudN 6 tenacity vastdulamaRiuasumy
aaas WaiaySanmas PLA  adunannainms
Wousmwuas PLA laofien tenacity waaduly
PTT/PLA gegaagdiidasidin PTT/PLA 7 90/10

dasmssuwAuAulad 50 m/min

I 50 (mmin)

W 100 imémin)

Tenaey

“Sﬂﬁ 3 aundausivasauls PTT, PLA wasidulowadiwas
W& PTT/PLA

zﬂﬁ 4 wansdnsdadrnaadulowafiaaiuay
wulgwadiaiuan  PTT/PLA  9INHANITNARAY
wud viula PLA Smsfedalddn vaeiduly pTT
fmstadd mnzﬂﬁ 4 amsnldin dulowafiwad
uay PTT/PLA finsiadalétasas WialBinm PLA
Lwdnlunedmasunraisin Taofsnsdadivas
wWulonsuaaas Waruaanam3alunsiaufuain

50 mimin sRsTwdu 100 m/min [11]



pes Juwilluiudu davtina  Pes lunaliwad
nauRuEu uansi PBS munsoifiendniding uas
dsmadarhlasmafiendnyas PLA
3.3 mnfinena

gxlﬂ 2 uammnuufiusavanduly (tenacity)
vandulowalwadua: Wulowalwadnuay PLAPBS
fdanuiimsawiiy 50, 100 uaz 150 mmin NRA
MINARBI N tenacity Yauduleris PLA, PBS ua:
wwlovaswalwadnay PLAPBS v Wadan
mahwiudloiedu Taoilin enacty vaaduls
PBS 1Nnn duly PLA d@sHalWHY tenacity ¥aadu
lowau PLAPBS Tingsfu warfine PBS luwad
wadnauivu d3uil 2 daduwansnenadu
udnvas PBS lunadwainauiuiu daanndastiv
msfinunwas Fambr uazaniz [7) Taoilén tenacity
vasudulowalwaduay PLAPBS asavagififtinm
PBS 30 wi%

Tenacity (cNider)

UM 2 armufausensauiuly (Tenacity) vesduls PLA. PBS
uszidulvvesmefinefususnin PLA fu PBS Aenmm
drwfiuen 9

U 3 uawsnysdeda (Elongavon) Youduluna
fwad uazidulowadwedmay Adarmsdnindu
loshs 9 3zt 3 wudr msdednandils Pes
aninduly  PLA dan alwidulowafwadnay
PLAPBS dmsdediiiuiu idatinm Pes lune
Swadnauudu adlsfian nisBesrvasdulod
wwalituaeas Wadanmaiuiudulofuu
Wasnntdanmahwivdlofidiedu  lvms

mulquinmmvwnuinnsugremms dizérl w.a. 2556
16-18 gaay 2556 wnen vayd
Fnlsdvanduluanas entumsdadavanduleds
Suwrliluitanas

-

Hengaten
~EXERERFEEE

~

UM 3 midian (Elongation) seniduly PLA, PBS uaziduly
sememuefuauiznin PLA fu PBS

3.4 msmadovaadnly

Uit 4 wansmsmasveaduly PLA, PBS ua:
whilawaSwaduay PLAPBS MingUil 4 simmas
vasduly PLA Jivdh iliiduls  PLA §mswes
Wog tdasnn PLA Sanwocvassnuduadagm
wn sasihiuly PBS fimanadaas Safiamme
d W asn pes danuduadngs 8) 45n
wamsnwmaas zviuh Wariuina pes luduly
welkwodnay snmmme  dvaadulowalwaiuay
PLAPBS Wuswldn Tnoidanmadwfuduly
lldsnadammadyosilonaiiuainay

U & dnamasa (%shrinkage) sondulumofinefunzifu
lowelivefuauiznine PLA fu PBS
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4. apduaniimaags

twontdol Waomsfugdulowatwed
uaus:wie PLAPBS Taoil PBS dwnaliwalwad
umﬂmﬂusmwﬁann{ugﬂhum:munmf;muu
waguinas idilowalwaduay PLAPBS MusUtal
anudusdnifivfu Wafustine PBS danaliein
ANUFIMMULSIR uazmsdasvandulow afwad
naudsiniuin ua: smmesvaaduloiiudu wau
TasidganmsdwAvvanduls Wdkasammas
vaudulowaliwaiuay wulowaliwasuan
PLAPES ialuald Svmnusfussmaadulogian
MBinm PBS 30 wi% wazdanmsdiudnly
150 m/min

faanssanlszma

wtieiftisy ms miuawan s Houa:
wanmaluladnszuumsDlasdouaasDlasiad
anutdpuaswaninaTulad don - ulen den .
HNrin (unow)

nasdnde
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