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ABSTRACT

In the present, biodegaradable polymer have attracted attention of researcher due to firstly
environmental problem concerns, and secondly the realization that our petroleum resources are
finite. Polytrimethylene terephthalate (PTT) and Polylactic acid (PLA) are classified as the bio-
based polymer. PTT are high elastic property and tensile strength, it can be used for textile while
PLA has brittle properties. The aims of this research are to study the prepared of polymer blends
between PTT/PLA and how to make the continuous fiber from the blends.

PTT/PLA blends were prepared by a twin-screw extruder at PTT/PLA blend ratios of
100/0, 90/10, 80/20, 70/30, 60/40, 50/50, 40/60, 30/70, 20/80, 10/90 and 0/100. The PTT/PLA
blends was melt-spun in to the continuous fiber from by melt spinning technique. Technical
properties for example differential scanning calorimeter and then for the flow properties for
example melt flow, rheology and the last properties is physical properties for example fiber
shrinkage testing.

The study found that the polymers melting temperature is very different and effect
viscosity. When the amount of PLA added to the increases the viscosity of the polymer blends
decreased. The continuous fiber from the PTT/PLA blends in the ratio 90 : 10 can roll continued.
The tensile strength of the fibers can not change too much but tend to higher elongate due to the
properties of PTT in the blend. Therefore the appropriate ratio of PTT/PLA blends can produce the

continuous fibers for textile industry.

Keywords : polytrimethylene terephthalate, polylactic acid, melt spinning, continuous fiber
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135 (crystalline)

Tensile strength (MPA) 53 70
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Flexural Modulus (MPa) 350 - 450 3,600
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Structure of Aromatic Polyester Polymers
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a

118¢ PBT (Elastic Recovery) azoglugiudednuluaou [6] PTT Ngauginisnasuiiad

u

(Melting Temperature, T_) 37 °C L1ag Qﬂ!‘ﬂ{]ﬁﬁ NINARIBL (Glass Transition Temperature Tg)
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1] o ° X o ' [ d'clglcl 49! ‘]Jd o 1 ‘TI\IO’ =
FENIU 25 °C HIAINIT PET AUUQUHQUN LT LUNITVUFUIIAINTT Wal PTT UANUFTINIGTD
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AN 2.3 AUUAUDI PTT NNAAWDNITAN [8]

auln Corterra® PTT

AMUHUIUY (g/em) 1.34

Tg (°C) 51

Tm (°C) 230
Tensile Strength (cN/dtex) 34-3.7
Elongation at break (%) 36-42
Initial Young’s Modulus (cN/dtex) 23
Moisture Regain 0.4

Boil Shrinkage 14
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3. mah I g0 9]
msviau PTT tierh I 19ss Teaniiinez og ludiuveudule (ane wsu
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uazinseeyany) wazussynuinuve (ldun Waw) undn Tuvaeh PET Sinailundionlu
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MIHARVIAdIMSUIATIANNTNTOAR S (Carbonated Beverage) PTT gna1ai1nz il ldunu
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PET lTuamanudulevisdin u@einuilavd msuriurieniee uas@avesou 5y lautondy
4 [l < ) [ A = A a J Y
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4. avaveudule PTT
2’; 1 1 Y= 19y = o Y 1 1 = o
PTT HH418A0N150A3A UAABINNTLUIUNTHILHIN O UIFUIASINY

Polyethylene Terephthalate (PET) oy 1¥imsnansasa lded1aneiiios uas laauiaveudule
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A ad o 14 a a Ao o a J Y a @
Na guUaANa YUD PTT l!aglﬂﬂiiﬂwa'lﬁﬁﬂ%u@ﬂu‘ﬂ’dW Q1Uﬂ1§waﬁlﬂulﬁuiﬂﬁﬁﬂﬂ PN

uaasluaisan 2.4

Y wad o W 4 a { a 9
M99 2.4 autiandnauelsemsveanes luwanaani 1y lumsnaadule [9]

RERIL PTT PET | Nylon6 | Nylon 6,6 PP
Melting Point °C 228 265 220 265 168
Glass transition °C 45-65 80 40-87 50-90 -17 to -4
Density (g/cm’) 1.33 1.40 1.13 1.14 0.91
% Water absorption (24 hours) 0.03 0.09 1.9 2.8 -
%Water absorption (14 days) 0.15 0.49 9.5 8.9 <0.03

g Pt o D S o 1 Y
PTT 1!1!ﬁ'liJ'l'i‘m/]ﬂ$141ﬂ13@ﬂ3Wﬁﬁﬂﬂu@@ﬂﬂ’llﬂulﬁuﬁlﬂﬁluaﬂ‘ﬂﬂlgﬁ1\‘1‘]14\1!,?(14
louazidudie aau POY (Partially Orientation Yarn), SDY (Spin-Drawn Yarn) u8s UDY

1 <3 Y g gﬁ Ao w =) [ =
(Undrawn Yarn) ﬂﬂ1ﬂhliﬂﬂ1mﬂ1ﬁﬂﬂLlﬁﬁlﬂumu@lﬂuﬂﬁ'l UIBUIAYINY PET Lag PA (Nylon) ¢4
Y A o Y < Y ) o v A X < 9 ' 2 a oad
ﬂf’)\?l]ﬂ']ivnﬁlﬂlllﬂ PTT L!ﬁ\‘]ﬂ’ﬂuu'lth‘Vl']ﬂ']ﬁ@ﬂﬁﬂllagﬂulﬂulﬁuﬁlﬂ L!ﬁﬁ’lﬂﬁglﬂﬂﬂﬂ'ﬁﬂaﬂﬁﬂ
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ANVUANANDYUNNY PET “If\‘lil!ﬂ"lﬁﬂ']&LﬂQWﬂ@Lll@i PTT uu{ﬂ3@@31“%931%%”@%1NLﬂUﬂ31

30 ppm Moisture Content ¥451802188aAUaAIIUAII19N 2.5
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M99 2.5 annzlumssasadule PTT [9]

ANy annzlun1sonia

Drying - No crystallization step

- Closed-loop hot air dryer

-130°C for a 4 hour residence time

- Dew point much lower than -400C

- Dry to less than 30 ppm for best performance

- 13 x molecular sieve as a desiccant, with regular maintenance

Extrusion - Typical melt temperature from 245-2650C

- Various extruder zone settings to achieve proper melt temperature

o A o o ' o 1 ' <
Tagna llgangiilunisossaagdni1n150a3av09 PET 0g 30 °C 9819 l5naw
A v A ' ' v A A ' ° Y a
guuiin1¥lun15983 A1z 0g21 19 245-265 °C M30AIAQUNYUNFINT 265 °C v 1¥Ing
A a S ¥ A v A Aadq Yo Y
MSLTONTNINUDINDANDS ba LAzIAT090r3 ALLUYNAN 1H7 PET, PA 6, PA 66 1113014 14
A1 PTT
1 Y
Lﬁ}uiﬂﬁﬁﬂﬂ%uﬂ POY ¥UA Untexturized Yarn/Filament, SDY, e POY U
au150Maa 18910 Spin-Draw Machine T4m1sNaANDVYNAUABINUAIHER PET tag PTT
a g’; o 9 A g’/ A (= ~ <3 =< .
¥iia POY Huansotfulannmsesianiues 13l Godets R3320 2,500 849 5,000 m/min
A v o & ' ] . A o
31N 2.8 uAAINNINFUNUTIEHIIANVUTUI (Tenacity) HATNITIAAD
. (Z < 3 % . : o @ a A
(Elongation) NUAM52 1un1s Juidule (Spinning Speed) 1451 POY 194 PTT lagn1swan

' : A < ! ] < )
1319 Godets FazwuInlon iz lunsihudulogeuanundsssve uduly (Tenacity) 92

Y
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Y A A = Y (] 1 = [ A 1 A
gavu Tagdulenuanvazeeaveudulelvgniiesinnuuiansanunndi wazlugin 2.9
A o A < y P 2 A 9 A
ANUANIDIUMIBAAT & 9AU1a azanad eanuiT lumstudulogan Tuvasidulen

= 9 1 1 = A % d‘ :: 1
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Tenacity (grams per denier)

1
0 §00 1000 1500 2000 2600 3000 3500
Spinning Speed

s 2.8 ANUFURUT 2119 NUT 5 (Tenacity) fuauE lumstfudule

Y93I PTT POY [9]

L

Percent Elongation

Spinning Speed

i 2.9 AnuFuUTIrIemsoamnuanuE lumsthudule PTT [9]
Y 9 Y a ad . Y 1 = Y ]
idule PTT annsadeudie@@diiisy (Disperse Dyes) 1a%UIABINY PET 16

aunsadonla lugurigiitiennd Tavisirninns1dasaan (Carrier) Fauanaranindule

I { 1 1 < < { (%
PET Whumsig Insead e Tuanandaninndi edralsnawnamnsadonluannziiinnuaula
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3197 2.6 auriaaequeadule PTT idule PET tag PA 6,6 [9]

auiin PTT (Solo®) PET PA 6,6
Tensile strength (g/d) 3.8-4.2 4.2-5.0 4.7-5.1
Elongation (%) 36-42 30-38 32-44
Initial modulus (g/d) 26 110 35
Elastic recovery -20%- (%) 88 29 62
Density 1.34 1.38 1.14
Water content (%) 0.4 0.4 4.5
Boiling water shrinkage (%) 14 7 13
Melting point (°C) 230 254 253
Glass transition (°C) 45-65 70-80 50-90
Weatherability Almost not decrease Almost no Some decrease in

in strength

decrease in

strength and sometimes

strength yellowing happens
Yellow resistance Almost no yellowing Almost no Sometimes yellowing
(Nox-BHT, vanillin, heat dry) yellowing happens

PTT awnsadfudluduleinidhy Bicomponent (Side By Side) 581319 PTT 1)

Y A o Y a a \ (J Y A 1 @ o
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Y 9 = dﬁl d‘ YY) I
Tviauletie NS nu1anyazLa
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<3 a ] @
Sheath NENINTOHAN IAIFUIABINU

vvouduleog uagidule Bicomponent ludnyme Core-

Y 9 A @ A 1 1 Y a J Aa Eo
LﬁuGlEJ PTT UlﬂLlﬁﬂ\‘]ﬁllﬂﬁLlagaﬂ‘Hﬂ!g‘VII@@LQUﬂUWLﬁuﬁlﬂWﬂalﬂﬁm’ﬂﬁmM iIN]

A o [ 9 9 o A <3 9
m'iﬂﬂmuazmmummmuiﬂ uazmuiﬂ PTT EJ\‘]JJﬂ’NﬁJLLGU\HLiQGU@\HﬁHGlEJ
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A A 1

N9 UANUAINUADT

9 A o

) 1 = Y= wa Y Y} a A A o
gou LL@$ﬂ31NﬂQﬂU§]ﬂﬂﬁﬂiu1@ﬂ ﬁ‘JJ‘UGI‘lJ’ENLﬁ‘L!GlEJ PTT uazmuﬁlwuﬂeuwm YA

A
MINN 2.7
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M3199 2.7 auiauelsemsveaduleaisa [9]

auya PTT PET Nylon Acrylic Spandex
Softness ++ - + + N/A
Stretch/recovery + - +/- - ++
Bulk ++ - +/- + N/A
Abrasion + + ++ - -
Stain resistance ++ ++ - +/- -
Wash fastness ++ ++ - +/- -
Light fastness + + - 4+ -
Static resistance ++ ++ - - N/A
Color intensity +/- - + 4+ -
Cost +/- ++ +/- + -

Remark: ++ best, + better, +/- average, - poor, -- poorest

a @ 4
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M13199 2.8 World Man-Made Fiber Production [10]

Years Cellulosic Fibers Synthetic Fibers Total

1,000 Tons % 1,000 Tons % 1,000 Tons %
1970 3,585 43 4,809 57 8,394 100
1980 3,522 25 10,779 75 14,301 100
1985 3,234 20 13,025 80 16,259 100
1990 3,216 17 15,885 83 19,101 100
1991 3,057 16 16,499 84 19,556 100
1992 3,022 15 17,217 85 20,240 100

25,000

20,000 /"*/4.
15,000 /A////‘_/-//*
10,000 e —®— Cellulosic Fibers
/ —&— Synthetic Fibers

5,000

—— Total

1000 tons

1970 1980 1985 1990 1991 1992

Years

3‘1]“?1 2.10 World Fiber Production Trends [10]
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Eﬂ"l'ﬂg‘]_]‘lfl 2.11 agriunimswanveudau ledunsizinues1aun lagmnigod1

¥

A [ A d A A y =
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Japan 9%

United States 19%

Rest of the world

54%
Western Europe 18%

B Japan 9%
United States 19%
B Western Europe 18%

Fd Rest of the world 54%

317 2.11 Regional Distribution of Man-Made Fibers in 1992 [10]
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ae31lh 2.12 Fauduloduns1zd (Synthetic Fibers) tiludaunilsvoudulolszang (Man-Made
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9 A A Y A D) o Y ¥ o = A
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A1 (Synthesis or Building up) audszneumaniveuduledunsizinuanaieldusay
Y 1 Y \ a 4 a any
dule i duleluasy (Polyamides), WoaLoa o3 (Polyester), agwod loany (Polyolefins:
2 o & & g ) o I o o = 9 o 1 Y
93t Polypropylene) Fuiwaulodunsizvinian QuazuNs 19NUIUIIIN NI NLAL
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Textile fibers
|

]

Natural Man-made
| |
[ | o) [ ] |
Animal Vegetable Mineral Synthetic Natural Other
(Asbestos) polymer polymer (carbon,
[ | | l glass,
Seed Bast Leaf T T T T 1 metal,
(cotton, (flax, (abaca or maillan, Alginate Natural Regenerated Regenerated Cellulose silica)
kapok, hemp, henequen, rubber  protein cellulose ester
coir) Jute, phormium lenax, (rayon)
ke"‘.‘lﬂ sisal)
ramie) Acetate  Tri-Acetate
Silk Wool Hair —
(sheep) (alpaca, P l‘ — )i g | T L ] ‘ |
olycarbamide i
221\1\1:31, (poiymethylene “ma)POl"Olefm :::‘1::::3’(135 Polyurethane Polyamide Polyester Polyester Synthetic

polyisoprene

? I;.l‘r(‘)thair. cashmere), (elastodiene)
hoglsft’ polyethylenepolypropylene fluorotiber Straight chain type Segmented
:‘::ilcullla()angma)’ (PTFE) (elasthane)
| | | T i 1
Acrylic Modacrylic Nytril ~ Chlorofiber ~ Vinylal Polystyrene

gﬂﬁ 2.12 Classification of Textile Fibers [11]
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idumaieunina lavliindeantiesrsoiin13v11u119 (Twist and Intermingling) 9921
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[ 4
m3l¥nududielodauns1e (Synthetic Filament Yarn) ivainviatelae
g’/ dgl} 9 . 9 o @ A T 9 . . . Y a a
ATOUAQUNT 1@BAN (Clothing) MAMTUATOIANUAILIIU (Furnishing Fabrics) tag@uFaunailn

(Technical Fabrics) ﬁﬂgﬂ‘ﬁ 2.14

USE OF SYNTHETIC FILAMENT YARN
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Beami Air texturing Texturizing Twisting
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Swimwear
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. Sportwesr
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Automolive
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[AEAT MOULDING)

3‘1]"?1 2.13 Uses of Synthetic Fibers [11]
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A15199 2.9 Capacities for Polyester and Polyamide Fibers in 1984 [11]

Proportion % of World Capacities for Man-made Fibers, 1984

Textile Industrial Bulked Cotton- Wool- Carpet- Fiber
Continuous | Continuous | Continuous type type type Fill
Filament Filament Filament Staple Staple Staple
Yarn Yarn Yarn
Polyester 51 8 0 56 23 5 99
Polyamide 39 35 94 1 4 49 0
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Macromolecules 1130 @ wicﬂmaqa (Chain Molecules)
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gﬂ‘ﬁ 2.14 Polymer in Powdered or Chip form can be Fed Directly to Melt-Spinning Equipment [12]

38



Pellet-supply hopper

Melf-pump motors
Spinning Extruder

floor
Spinning pack
Chimney air chamber

Filements
Chimney door
Convergence guide
Insert Jube

screens
Plenum chamber

1 L
Tube conditioner
Thread line

>
Threading air valve

Wind- inish fank
ﬂ::,,. - Finish-roll guide L ER
Godels 1. 1> Finish rolls
Traverse guide Take-oft
Ooft position
A7 Drive rolls
O N4

gﬂﬁ 2.15 Conventional Spinning Plant [12]
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g‘ﬂﬁ 2.16 Longitudinal Cross-Section of Spinneret Holes Showing Streamlining of Polymer

Flow [12]
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Spinneret hole (orifice) cross-section and its relation to the fiber cross-section

gﬂﬁ 2.17 Spinneret Hole (Orifice) Cross-Section and Its Relation to The Fiber Cross-Section [12]
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gﬂ‘ﬁ 2.20 Dry Spinning Process [12]
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Undrawn PTT lagldvinedwes PTT munszuiumstudulonuuvasumad laalasu
5 i a = a o ) .
A2WTIIN 500-5000 m/min WANTINMIIUAaeunasNns121 1ae 1% Thermo-Mechanical
~ A o A ] Y a o . .
Analyzer (TMA) Nusattaznsganingi Iaelaseastgvoaduleozns1ey lag Birefringence,
Density, Wide-Angle X-Ray Diffraction (WAXD) 4tag Differential Scanning Calorimetry; (DSC)
v
NMITANEINUYN Complex Thermo-Mechanical Behavior nansiadaaznsraalveadule
@ [ <3 ) a 2 [
m3raaagage nuaws lumsihudule eansaetuelassaivveuduleGudunuduley
A a A Y A a ds@} Y A ds@} <3 =
mnamsasunaslaseaianmnavu a2emsvuaunu521un15A9 (Take-Up Speed) N3
a o & = 9 A 2 ) Ad v 2 o .
Feaddved Tuanauazanuiuwanveudulomngayy wuleniuaien11u59619g Crystallize

v
=

1] 4 H H
iegn Heat g4nd1 T,waf 1811iTlu Cold Crystallization ins19aouTas DSC Azl 2.26
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£ oo ; ___-\ ]
o : N e
S ol e Y
5 —— 500 mimin e
E ------ 1000 mimin 1
- 2500 mrimin ]
3000 mivnin §

311 2.26 Cold Crystallization; DSC [14]

R. Kotek, D.W. Jung a2 B. Smith [15] 1AANMINOANTINVEI PTT NHAAA28A M52
Tunswaadule 2000 83 6000 asaou i lddnyinannuudsavoudule, antiad e
(Birefringence), Sonic Modulus, St IGIC AL PR TEL (DSO), auiiansdou (Dyeing Properties)

g’/ 1 Y

o 1 £ 1 . \ Ay ¥ A a Yy A
LASHAUBDINTINANITDUAIYA I (Alkahne HydI’OlySlS) Wa‘ﬂllﬂuuWUﬂ LﬁuGlEJ PTT T]Wﬂ@hlﬂgﬂgu

Y
=S =

< 2 ' Y 4 <
ANTUHUVILTINGIVU, Sonic Modulus qﬁu L!.GIﬂ’NﬂJﬁnﬂiﬂﬁluﬂ'}iﬁﬂﬁ’mﬂﬁﬂ Lﬁﬂﬂ’ﬂmﬁ’ﬂuﬂﬁ

QU

A 9 2 = o wa A Yy Ay yw 1 Ay v Y Y an
Wﬁﬂlﬁualﬂqxiellu Iﬂﬂlﬂﬂﬂﬂ‘ﬂ?ﬁlﬂﬁLG]Nﬂ'JnJﬁﬂuﬂblﬂﬂ’lﬂ DSC ﬁ'JUWﬁﬂhlﬂﬂ"lﬂﬂ15EJf]3Jﬂ'JfJﬁﬂﬁ

Taglasimsnaasedouii 65 uaz 75 °C
. . 9. o .
J. Ramiro, J.I. Equiazabal and J. Nazabal [16] lafnymaveansm Reprocessing Tag
M Extrusion 911494 4 501 1a81% Corterra 509200 910 Shell Chemical 19 Twin Screw Extrusion
[ H o & < ) o 2 . . . ° g
Tungazaisaziuiuda ndr90i 1)viin159u31428 Injection Molding Ha21 W IMATOUN
Y 9 o Y 3 o [
A1UN18NIN 1Az 1ATIa3 19 NAYDINTT Reprocess 411 1H1UIMIn Tutanaves PTT aaad ua
9 an 1A a A a X .. A 2 s 9

Taseaframand lin/asuntasuas PTT 1Aansimaeuialu Crystallinity [uUULaNY Y

A 2 g o
Specific Volume Y89 Amorphous Phase XHIAN0Y Young Modulus aAadtaniios ag Yield
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1 { 1 < o
Stress ADUV19AIN 1A Break Tensile t1az Impact Properties R0 9619 15nA1W PTT 63n4

[
=

Ductile 1373161415 Extrude 994 50U 9951181471 Molecular Weight N1gan31 Critical
. A ' &2 ) (Y = Y
Molecular Weight NUNARNDN1T Entanglement FUYuA1IANS Reprocess nnzayla
o o a 4
Jing Wu llag Llagnte [17] ”lé’fvnm'immm Mesophase Percentage EU’EN‘WBE]LM’JSLE?TIH
$ A <
o PTT 910 2D Wide-Angle X-ray Scattering Pattern Iaoftd@uls PTT wanainmssiunudule

< < = ' ~ Ay wa A 2 = <
NAU157 970 D19 4185 wAsAOUIN Wan lAne Mesophase Percentage /WHFIVHIUDIAIINLGD

u

2 &

) 3 ' A A g < Y v < 2 a
WIAUND 2550 LUATADUIN ngﬂgﬂﬂﬂ\‘]Lil'ﬂilf]ulﬂ“ﬂlﬁu(lﬂﬂ'Jflﬂ’JnJLi'J@:\‘]"Uu “BQLﬂuLWﬁ’IZLﬂﬂ

. [ 9 a a . . 4 < 9 I
Crystalline Phase nUtd U lovaiz N3 WanNa01n Stress-Induced Crystallization NUAINIG I IUAL

= v

A =2 1 = A2 a o 9 1 2 @
N 3050 919 4185 IUATADUIN BIANHUSUNNAVUNY PET Q8B UIASINU
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UNN 3

IEMIAHUNUIY

[

o A ao ] I o 4
Tunisaniuauive nuseeniluiag ednsal uazm’%mﬁa

a a

1% wioudreuuanialu

9 Y
MIAURUNIUINY VUADUITNIT IUNITIATINFUNY mimaauammmwaama%’wammz

iduloman

[y d d' A
3.1 Jaq aUnsas uazinIeie

3.1.1 799

Mm99 3.1 Taan 1 luanuid

[

A =
INTA/BONUAY

a9 UTHN
L.wed laswinay misWn1an(Polytrimethylene 509200 Uszimeiu
Terephthalate): PTT
2. woauananueda (Polylactic Acid, PLA) 2003D (Nature works, LLC,
USA)
3.1.2 ginsaluazinTosion ]y lunuise
M5190 3.2 gilnsaluavinseaiioN1Fluanuise
4 A A A o 1
ginsaiuazingosile UsHn/gu

Lﬂ' v A = 1
LIATDN0ATALUUINAYIVIUDUR

(Twin Screw Extruder)

Germany)

(Brabender D-47055 Duibury,

4 a J a
2.Lﬂ§"€)\11/]ﬂﬁ’(’)ﬂfﬂi'JLﬂiTZ‘W’V]Nﬂ'NJJ%I’t’]u@%)’JfJWIﬂHﬂ

a J = a = =
arlesisumeaanUiIAaas INg

NETZSCH 4 DSC 200 F3
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(Differential Scanning Calorimetry)

3A0INATDUATTING InavoInodues XRL-400A Han1n1lszmadu

(Melt Flow Index, MFI)

41A39ANATBUAVIANT 111a (Rheometer) Gemini 200HR nano(Malvern

Instruments)

d’ v A a d' . £y
5.1A3090ATALUULINAYIAY] (Single Screw Extruder: Uszimeaeo 31y

ThermoHaake® PolyDrive)

l Y
6.n30avugIidulodoseadilszne (Hills:Lab Scale | LBS-100

Bicomponent Extruder Fed Spinning Machine)

: ” .
7.m’§mma@ummmumumuﬂﬁq

(Tensile Strength)

4 o Y
S.Lﬂéﬁﬂ‘ﬂﬂﬁﬂﬂﬂ’ﬂilL!"lNLL‘iW]HJﬂ31%8136116\‘1!,’(?(1!18 Instron

. 1 % 9
(Tenacity) waznageuAIMsoanIveadule

9.Lﬂ%@ﬁ‘ﬂﬂ’c’f@ﬂﬁiJ‘Uwaﬂﬁﬁﬂﬁ'JsUfN!tgf}uiﬁl

(%Shrinkage)

3.2 IEMIAVHUNUINY

@ 2q 9

= v A g A a ¢ ¢ A A
3.2.1 Ainveyaesaulumswssy weames Jaq ginsaluazinseslonly
luau3ve
a 4 1
3.2.2 ANYINSIAT SUNDAINDIWEANTLHIN PLA/PTT
323 NAGOUNAND AN NEUUDI PLA/PTT NOMIaN 1S MHINS TUU04
a 4
NOADT A
= = 9 X 9 !
3.2.4 AnvimawssmaulenanTasnsvugiiduleszyiing PLA/PTT
3.2.5 nadovauiaranavoudulenauvyod PLA/PTT

a J a o
3.2.6 'JLﬂiTZﬂ"ﬁl@Hﬁngﬁ?ﬂNﬁfﬂi'ﬁ]ﬂ
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PLA/PTT 100/0, 90/10, 80/20, 70/30, 60/40, 50/50, 40/60,

30,70,20/80, 10/90, 0/100

Melt Blending (Twin Screw Extruder)

nagou

MFI,DSC,

Polymer Blend

Rheology,

Tensile Strength

Fiber Spinning (Single Screw Extruder: ThermoHaake®PolyDrive)

>| Fiber Spinning (Hills:Lab Scale Bicomponent Extruder Fed Spinning Machine)

naaoy
Vv
Fiber Blend DSC, Tensile
Strength,
%Shrinkag
A4

a 4 = [ o 1A A 4
3Lﬂ51$ﬁﬁ§ﬂﬂﬁﬂ1§ﬂﬂ‘]&ﬂ %ﬂmgﬂmmmmwuﬁ

9
%

3U7 3.1 YupeuA UMDY
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33 m‘;m’%’muwaama%wau PLA/PTT

Y '
33.1 TUADUNITHENAIOIATOITAIALDLINAGIF (Twin Screw Extruder)
v '
NIUADUNMIHANAIYIAT DIOATAUULINGEF (Twin Screw Extruder): Brabender
U D-47055 Duibury (1sginatoasiiu) yunadu1gudnals 5 mm U 4 3 165 ggia
a a 4 1 d‘ o g 9 d‘ v A = 1
WAEANNOADIHANTE U PLA/PTT i1 lfaiugidensoswsasauuumaeds
v Y
(Twin Screw Extruder) 1A8I@38uN0aIu035Nay5H319 PLA/PTT 160318916199 9431 100/0,
p N 2 a A
90/10, 80/20, 70/30, 60/40, 50/50 118 0/100 (%wt) Ngauvigiilumsiugihdianedmesnaui
< 1 = v a 4 o a
270 °C ANWITITOVEANF 80 TOUABUITN LAzAALTANAIAANAILIATDIRANAITAN (Cutter)
A <3 1 = ' v A A v A = 1 . o
NANI57 50 5oUADLNN TABNDUNITBATAATDIOAIALLUVINGYE (Twin Screw Extruder) 9571
< a 4 A [ dy ~ 1 9 I < ~ Y
MIOULANDANDTNANNDVIAAUFUN 80 °C 081910811 1Ia1 4 %2 Tue UUADULFAINTS

v A

oasnnIgiln 3.2

9
%

d' G a 4 9 A v A = '
3‘1]7] 32 YUADUMTIATIUNDALNDINTN PLA/PTT AIYNTDIDATALUVINAYIR
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& o 2 2L y
332 mumumi@ﬂmugﬂwﬁﬂmmmgﬁamﬁau

v
=

0 a J o 1 0 o 2 . I 1 a
HINDAUDTAIDY I mmm’i’aﬂﬁugﬂ (Compression) Lﬂuuwuﬂﬂﬁammmﬂgu

E]

210 °C, Preheat Time 10 ‘LlTi?I, Full Pressure 10 419 L8y Cooling Time 10 W Famsasouluua

3’, P A T | . ~ ¥ a v
a:mw:"lﬂ%umaﬂmwmnﬂaau Tensile (i8¢ Impact lumsaseunsuae? @Ngﬂ‘ﬂ 33

Wdiawaadn ldwimnd

Daugiiniuas hugiildes 21daia Tsifnildiet 213l a

(W ikcooting timer 10 T Heat times 10)

-

)

uns Funagavaana AT Wifmnizanaines 21

9
%

d' 1Y d’! = ‘Qy d' 9 d' . .
31]7] 33 WJUGI'C)Uﬂ'Iﬁﬂﬂleugﬂlﬂﬁﬂu%u@TutW@ﬂﬂﬁ@Uﬂﬂﬂlﬂﬁ@Q Compression Molding
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v
Y <3 a
3.33 "Uu@]i’)uﬂTiﬂﬂﬁﬂULNﬂWﬂﬁlﬂJiﬂgWﬁﬂJ
A Y 9 a A 4 = A aa 4
1. VIﬂﬁ'ﬂUﬁll'U@]‘Vl'NﬂTlilﬁ'fluﬂ']fJWIﬂ‘L!f’]ﬂV\lLWﬂiliul%ﬂﬂﬁl!ﬂuuQL!ﬂa'ﬂillm@3
(Differential Scanning Calorimeter, DSC)

I a & Aq Yo v Aa L4 wa Y 1%
L’lJLlL‘V]ﬂ‘Llﬂ1/iuﬂ‘ifli"ﬁﬁ'l‘l’iiU?Lﬂi'lgﬁﬁ'llﬂﬁ‘ﬂ'l\?ﬂ?'llliﬂuiﬂfJﬂ'li’Jﬂﬂ'li

9
S a =2

{ {o & o @ o @ [l a
Lﬂaﬂullﬂaqm@\iﬂgﬂ']mﬂ')’]N%}@uﬁ"l]'llﬂuﬁ'lﬁﬁﬂﬂ'ﬁﬂ']clﬁ}@'J'E]fl’]\?l,lﬁgﬁ'lﬁg’]\?ﬂ\?ilﬂmﬁﬂilﬁﬁeﬂu

E} U U

a

meldmsnlfeunlasganigi
w3esiloRlFlunisnaaen : avlesisuFeaaunuiiaunasiiines (Differential Scanning
Calorimeter, DSC) DSC 200 F3 494 NETZSCH
AEMInaaoy

1. nageuneaweiHaNii1d1INN158A3A Twin Screw Extruder Taafidnnd s fio
PLA/PTT ﬁﬁﬁﬂﬁ’)ﬂ?ﬁ\ﬂ ﬁ’\‘l‘ﬁ 100/0, 90/10, 80/20, 70/30, 60/40, 50/50 gz 0/100 (Yowt)

2. TagmsnsoufA0819ae 5-10 Yaansw

3. 8A5IMItiinAm3aN 10 °C/min 11NQWNYH 30 °C 1WH1 250 °C TABMISAYN
QuUTIY {7 250 °C 1Fuan 5 AT iflef$A Thermal History tdraan1ueu 10 °C/min 910

Q

N 1250 °C EN‘JJW’L!‘EN 30°C Llﬁ’)ﬁ1ﬂﬁalﬂﬂ$ﬂwa‘ﬁ1ﬂ

Q

2. NATUAYTINS IHaupINDANDS (Melt Flow Index, MFI)

1]‘?] 34 miamﬂaam%umi"lﬁammwaamai (Melt Flow Index)
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4' A dl 9 1 a =

1A5900N1%: Melt Flow Indexer J4 XRL-400A Wan91n52ineL

an

FMINado
1. fufia wedmeSway #1&5unsHan (Compounded) yudatiu liintsmasen

13 va 1eM1A1 Melt Flow Index figaiigil 210 °C Miniiinnanfy 2.16 Kg Taus1 MFI

a4 v TR a ¢ a

(Melt Flow Rate) 1 I@szipilunimiinveswedwesaielumar 10 ui

2. 910IAT04 Melt Flow Indexer A9 Melt Flow Index (Melt Flow Rate) 221850013
= a 4

nlsguiennaz NI zinanIINAToY

3. nageuaNians lMaveanedeimas lo1ad (Rheology Testing)

I v a 1 o Ya a Y
Wumsianmmsnlasunlasgilinvesingnislaonsnavesanunu

J

Tagm3sdmszanyazueans lvaveaneames salinnudinaedisnenssuIumsnaniaz

9
v A o

2 < =
ﬂlugﬂ%Lﬂum%mmmmmmiﬂiumiN’cm

ﬂﬁ 35 Lﬂi@ﬂﬂﬂﬁ@ﬂﬂ’nuﬂuﬂ (Rheology Testing)
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A A A A A L.
Lﬂi@ﬂu@%ﬂl%}iuﬂ”ﬁ%ﬂﬁaﬂ SATOINATEO UMUK UA (Rheometer : Gemini 200HR nano(Malvern
Instruments)

A
annzhlFlumsnagey

ANUKHUIVOIAIDEN: 1 mm

1290: UNUUUIY (Parallel Plate) 2.5 cm

(MANUA: Shear Rate Sweep Test

- 9UNNN: 270 °C

Q U

93 UNOU: 0.1-100 R/S
4. NAFDUANNATUMUABLTIA (Tensile Strength)
9 1 =) . < a 4
ATNATOUNITAIUNIUADUTIAY (Tensile Strength) VolaNoaNDS 1Ay
I~ wa Y =3
WIATTIU ASTM D 638 Tasnmsnadouilunmsnaaouduiad1uniassaenine1d laonis
o Qy ~ Yo 49! I g’/ o v =2 A Y A

nadourzhyununaaeun a5 un15Uug1iiu Drum Bell 11011311015 908a% Clamp 1893

@ 1 1 4 < {
msdaniodoiiodIasnuE1n1dlun1389A0 50 mm/min
I = Qy @ 1 @ ~ 1Y ~ v K
1UMIAPUAIDENNATDUVIUVIABOANNY TUVULIASINUILUNTTUNN

d' = A =2 T ) A o R A <
Llﬁ\?ﬂi%}iuﬂ'ﬁﬂﬁ HAEILYLYAUDNTUAIDYWNATDUAIULATOIUUND LNDATIVEADUAITNLLUILLT

2
a (% 1

[ A Yo = A = A va < 1 1 A a Y]
Yoeiaaie IaT UL IR Hefsrumed Nl auiauiaulizedwasiiiosaunansuanin wa
] 9 1
1M TALTIAINNIZMIABTUAIEN B dunUIINANITUAN®N FondiAnuAugIga
. . A 9 = y o ~
(Ultimate Tensile Stress) ¥139AINNAIUNTULLIIAN (Tensile Strength) Llﬁﬂﬂmgﬂﬂ 3.7
an
BMInaael
Y 9
1. 1B unuduUa vidanusavigazyuaunaaeulidau Yaanunauay
] '
ANUNUVBIFUNUMNNIMATeY Tagri1n13IaA1 3 ¥4 Av ¥IIAY ¥19na19 Lay ¥9ane
v =K 1 d’ 9 d’ o
unnan e e luasaiuaa
2. $1M357A Gauge Length (@%11AT 09MLN8LLEAIFI9Y0 Gauge Length 13

o Qy 1% { I~ .
3 h3unuauuanesen 1 lnagsuusds TasldauE211un1589 10 cm/min

11ag Lode cell Y119 100 HIAU
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4. ufindoya Tensile Strength Young’s Modulus (18 Percent Strain at Break LAz

U

v Y
a (3 1

NSNAFOLFUANNUNNFUIIU AIDE19AL 3 %

Q

o 4 v o o A 2
5. m%’ayjaﬁllﬁ'mﬂmimam mANNAUNUTSsuMeUaNTABINaVDIFUIIUY

511 3.6 1ATDINATOUAWAIUNIUADLT IR (Tensile Strength)

3.4 maessuauleway PLA/PTT

2 K
3.4.1 dunoumsyugiidule PLA/PTT
.3 Y a J Y A v A =
1. mi"uugﬂmuimmuwaaummmmﬂmama‘iwfmmam'imﬂmmmumam
N8 (Single Screw Extruder: ThermoHaake® PolyDrive)
a J A Y A v A = 1 & Y o o 3
‘WﬂalﬁJﬂiWﬁll‘VlN"luﬂ']iWﬁllﬂ')ﬂlﬂi@ﬂﬂﬂiﬂllﬂﬂlﬂﬁﬂﬁﬂuuqﬂ TUIMNITUU
Y k) A (G 9 Y A 3 Y a v = =)
gﬂlﬁuGlﬂﬂ'lﬂlﬂiﬂﬂ@ﬂiﬂlﬁuﬁlﬂﬂlu']ﬂﬂﬂﬁﬂﬂ ﬂ'JfJLﬂiﬂﬂﬂlugﬂ!ﬁuﬁlﬂcﬁuﬂ@ﬂiﬂllﬂﬂ!ﬂﬁﬂjlﬂﬂﬁ
. . A = (% 9 A dy
(Single Screw Extruder: ThermoHaake® PolyDrive) IWDANY mﬂymmmmu%ﬂmmmmugﬂ
Y F) a 2 A <3 1 A o 2 a J
18 Tav1dgamgiilumsaugii 270 °c aAnwGrsevang 8 seuaoui iimsyuginedives

NANTEHIN PLA/ PTT NOAS1@IUMSHENT 100/0, 90/10, 80/20, 70/30, 60/40 L1ag 50/50

Y ?:l ]
(Gowaz lagriiviin)
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v A

3.7 1A5998AT ALUUNAIAYD (Single Screw Extruder: ThermoHaake® PolyDrive)

=h-

1

2 \ 2
2. mavugthdulonan PLAPTT saomsestiugihidulosesesnlsznou
(Hills:Lab Scale Bicomponent Extruder Fed Spinning Machine)
o E Y Ay v a ¢ ! Ao ,
mmsdugiidulen laannedwesnausznie PLA/PTT NoAs1dUNdN
v RN A 2 ]
100/0, 10/90, 20/80, 30/70, 40/60, 50/50 1az 0/100 (3pvaz Iagiiniin) aAteimIosvugiidule
A0909AY3EN0Y (Hills:Lab Scale Bicomponent Extruder Fed Spinning Machine) q'u LBS-100 A4
2 3.9TaeldqangiTumsiugali 270 °c Mearwisrseudang 8 seudeui uaziinisiu
tﬂ' ::' U t!' ! o g
AudulofinnuElumsuduii 50,100, 150 m/min 3317 3.10 Aownnisiugidulodae
A4 X 9 ¢ ) ) ..
Lﬂi@ﬂﬂlugﬂlﬁuﬁlﬂﬁﬂﬂﬂﬂﬂﬂixﬂﬂu (Hills:Lab Scale Bicomponent Extruder Fed Spinning
Machine) H1zdo0UINANDANBS Ml PLA/PTT tifiazdasiaiuieson 1 ianua 7 dreea

a ]

A Y A 4 Y <3|
DUNDUVIAANNFUNYUH U 80 °C pgaUeilual 4 Hr

U
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L L T T LT T Ty s

4
VYUI Uiduleaosnsdilsznou (Hills:Lab Scale Bicomponent Extruder Fed Spinning

Machine)

9
%

! y 2y iy v 2 ) {2 Y s
31 3.9 Tupeumsiunuidulen lannmsvugddransougiidulodesesnsznen

342 manadoutdulenay PLA/PTT

A a A 4 A aa 4
1. ‘Vlﬂﬁ@Uﬁ?JU@IVINﬂ’J"IlJ%}ﬂuﬁ}'JEJmﬂuﬂﬂ‘V\IL‘V\I’ﬂiLiul%ﬂﬁﬁl!ﬂuuﬂl!ﬂaﬂﬂlmfJi
(Differential Scanning Calorimeter, DSC)

I A R Aq Yo v Aa 4 A Y o
L‘]JHWIﬂuﬂ‘l’iuﬂﬂjsﬁﬁTﬂﬁU?!ﬂ5']3“”@131“@1/”\1?]'3']115@1!1@fani'Jﬂﬂ']i

Y
S =

{ {o & o @ o o 1 a A
Lﬂaﬂul!ﬂaﬂ‘ﬂ@qﬂ%ﬁJTmﬂ?TN%}@ucﬁﬂuﬂUﬁTﬁﬁ‘]Jﬂ’]ﬁ‘ﬂ’]ﬁlﬁ}?l'J'E)fn\ulﬁgﬁ'ﬁg’]\iﬂ\iuﬂﬂlﬁﬂuﬁ\wu

E} Rl u
a

moelansulasunilasguvgi

R

67



51 3.10 w3eanaaoudllesiswTHoaaunuiiaunassines (Differential Scanning

Calorimeter, DSC)

w3eailefilFlunsnadey : avimlesisuFeadunuiiwaassines (Differential Scanning
Calorimeter, DSC) DSC 200 F3 4949 NETZSCH

AEMInaaoy

1. NAAPUNDANSA PLA/PTT Hons1dIna1en ] 0/100, 10/90, 20/80, 30/70,
40/60, 50/50 1Az 100/0 (Yowt)

2. Tagmsa3ouA0e19ay 5-10 Haansuy

3. $A5IMIANAMTOU 10 °C/min MIAYUNYH 30 °C A1 250 °C TABMITFNM
Qmmﬁﬁ 250 °C 1funan 5 uad iflefsa Thermal History 11d78aR210%0Y 10 °C/min 910

a =

gaMgil 250 °C ANIUDA 30 °C UF1IMITIATIZHAAN I8
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2. nagouautiamsnagvewdule (Fiber Shrinkage Testing)

51 3.1 wieanadeuauiianmsradiveoudule (%Shrinkage)

ingeeion ¥ lunsnaaey : Boiling Shrinkage 1131AT3IUMITNATOU ASTM D 5104-02
Aad
ATMINATOL
o ) 2 v 2 D ¢ .
1. dudulein lannnsvugddansesiugiliduloaesesdiszno (Hills:Lab Scale
. AN\ . o i o 9 v < o 9 y
Bicomponent Extruder Fed Spinning Machine) 3317 3.16 uaaudnn Ivihuiluiane Taglin
1 1 a 1 d o ] Qy
52OTHINTENINUN 10 wufwas lalninesaioe1eas 3 Fu
o 9 . 1 sy Y 9 9 .. .
2. vudulenwsen 13 latinmes niivhagldlunledudy Boiling Shrinkage
AUNIATFIU ASTM D5104-02 NQaIvii 90 °C WIU 30 U
A A Y o g vy 9 X v < Y o o a
3. Wensy 30 wWindniuduleeennnniedune B iiguudviinisanuendn
I o & A 2 9 A '
AseNlMINadIMs ainIuvoudurs o i

o 1 d'u/ 9 1 (%3 1 d‘ d‘ 9 (% o v X
4. mmmﬂ"lmmgmazmamq mafm”lﬂmﬂmsmmmmmmuqmuaz‘uuﬂﬂwa

LO—L1

% Shrinkage = X 100 (3.1)

0
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L,= Anuenavoudulonoudu
9 v 9
L, = aAnwenvoudulovasdy

wa A <
3. ﬂﬂﬁ@ﬂﬁuﬂﬁl%\iﬂﬁmﬂ%&}uiﬂjﬂfJ‘VIﬂﬁ'ﬁ]‘lJﬂ'J'lllL!,‘lJ\u!,i\i@'lllﬂ'J'lﬂJEJ'I'JEUGQ

1@ 1Ty (Tenacity) taznaaaumnsdailveadule (Elongation)

Al ' C‘ 9} ¢ 1 o
310 3.12 AT anadoUA MU INBAINEIVEUFUTE (Tenacity) aznAdOUAINITEAA

vouduly (Elongation)

inTesiien 1 lun1snAaol ; Instron MUNIATFIUNMITNATOU ASTM D 3822-01
as
ABNMInaael
G 9 A 9 Y < o % ] 3',
1. wssudulen 1danmstunummsnaaoudlognay 5 a5
9 a a @
2. 19 Load Cell v119 25 0 latinau
Y
3. A952ErH19TEH NN UId R8IV UIaZAI819(Gauge Length) 250 Hadiums
+3 Haauas

3 A A v o Y 9 Aa a 1 =1
4, ﬂamu‘ﬂumimaauwuawmmﬁumﬂ 30 YaaluaInauUIN
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o 7 d’ =2 Yy ] ) ] o
5. msdsunieamadounsiae1degludumisgud (Set Zero)
=< 9 ) o 9 2 £ v ' & ' v
6. daduloarothniudulouazFunadoudedoseglunuininansznilgveuaiu
Y v
Tuvesthndudulensaossiu imsoadulelduiu Taadulodoslianuaitauonaoadu
Aumssardulerzdoslifinsedauneirdoq)
A A A o =2 9 J v A
7. Wlamieanadeu Tasninsazimsaudulellaunsznuduloviamioszga

Y
MU MNNUTUN AT IAaZ AN TIAR U0 ILE U
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UNN 4

NaN13INeaol

4.1 Namsﬁnymnm’%amwaama%wau PLA/PTT

4.1.1 HAINMIFIAS BUNOADT HEW PLA/PTT A201A3 09803 AUUUINASS)

(Twin Screw Extruder)

[

INNTOATANDALNDI NAUTLH IS PLA/PTT NOATI1EIUNIHANN 100/0, 90/10,

80/20, 70/30, 60/40, 50/50, 40/60, 30/70, 20/80, 10/90, ttag 0/100 (%owt) ABIATDIBAT ALY

a

1 g d‘ 1 a {
13079 (Twin Screw Extruder) lagl¥gangilunisyugali 270 °c wudwedwesnauii

U

H 9 1 ]
oa351d2u PLA TudfSuafiuiniiu PLA mamsi@oudnin Udmaes uaoanguugd lun1s
o a <Y 1 4 A
vapuMalad 19 PTT mansudsaa ldamnsanasumiad Idiiiesnin quainlyae 210 °C

aunu'll T liwedawesvaouradnoonut luthedu uaidnvauzidludounszan il ly

q

A g 1

Y A v Y < a s & Y= o A Y <
ﬁﬁﬂ‘iﬂﬁﬂlﬂ50\1@@&@1“!1’]1%1‘!1@&@?@6Lllf]i‘ﬂ’)ll‘ﬂllﬂ Fl]\‘l‘Lth‘]J‘]J@‘I LW@iﬁﬂﬂﬂluWﬂﬂlﬁﬂmHMﬂ

Iy o

a Y Y o & AY Y wa a s A
waamaim"lﬂ L!,a'JuWLNﬂﬂulﬂ%']ﬂﬂ'lﬁﬂﬂvlﬂVl@ﬁﬂU’sTiJ‘Uﬁ uazwaama‘iwﬁuw%mﬂymz

[

431" 4.1

3 @ a 4 (%
51]‘?] 4.1 aNHUSVDINDAUNDINTUHAIINNITUA

Y
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4.12 waminagouananieanudoudlramainavines sumeaaunuilaumnass

Hiees (Differential Scanning Calorimeter, DSC)
nan1InaaouaNian1enudouveIne e Hay PLA/PTT NoAT 181U
WA 100/0, 90/10, 80/20, 70/30, 60/40, 50/50, Az 0/100 (%wt) WUIQUKNUNITHADUINA?
Aa 4 ~ YN~ % 1 a 4 g; a "Aa = 9
yosnoamoinay (317 4.2) uaaslimiudanuimedweinidowsia lumamswlasunilaud

@ 1 a 4 < [ " Y o A a
WINU naaewedesHay PLA/PTT Humswannuuulunu iesninguvgiilunis
a 4 g.// a 1 @ 1 1 <

NADUHAIVOIND AN DI NITDIFTHAR 1A UABIV 1NN A1ANNTUNED (%Crystallinity) Vo4
a o ~ y A 2 ~ Y ' ~ = °
PLA Tuwodmeinauinud Tuiuay 9100151990 4.1 uaaalviisiui Usuiaues PTT Unam

v Y 1

Y a y A 3 4
1% PLA tRawan Tamiuay luvaznanudlundnuod PTT anad ieilSunaued PLA

2 K]
INUUINUU [13]

4.0
—PLA PLA90:10PTT
35 4 ~——PLAB80:20PTT ——PLA70:30PTT
PLAG0:40PTT ——PLAS50:50PTT

—PTT

w
o

N
o1

= =
o o

Heat flow endo up (W/g)
N
o

o
o1

o
o

30 60 90 120 150 180 210 240
Temperature (°C)

:; o 9 a 14 9 A a 14 = A
5UN 4.2 auaneanuiouveINoawoINay PLA/PTT aansosanivosisuiGeadniilg

Y

HADDININD § (Differential Scanning Calorimeter, DSC)
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319 4.1 ﬁmﬁﬁwNmm%’aummwaﬁmﬁwﬁu PLA/PTT

PLA PTT
Sample

T (°0) | T.(°C) %X, T.(°C) | T.(°0) %X,

PLA100% 152.6 - 18.2 - - -
PLA90/10PTT 151.0 88.0 19.5 226.6 189.1 7.8
PLAS0/20PTT 151.4 92.7 21.9 226.5 186.0 11.7
PLA70/30PTT 150.5 95.3 20.6 227.1 185.3 23.8
PLAG60/40PTT 148.1 94.7 22.9 226.9 182.1 26.2
PLAS50/50PTT 149.7 95.7 13.4 227.9 182.0 51.0
PTT100% - - - 230.7 183.7 80.9

4.1.3 HANsNAAEUA¥TING |MaveIneae s NaN (Melt Flow Index , MFI)
nansnageuauAaiing Inaveudanodmesnaysenite PLAPTT
BATIAIUMIHANTN 100/0, 90/10, 80/20, 70/30, 60/40, 50/50, 40/60, 30/70, 20/80, 10/90, 1Ay
A 9 A a == A Y o 9 J
0/100 (%wt) 1HB4INABINATDUNYUUANFID 250 °C 1o 141 PTT avumad M lnnwuilu
gaINy PLA wawegludSuiafiuiniy aglidr MFR gau1n Tagmwiz gasniinisney
PLA/PTT N0A3162UNITHAN 100/0, 90/10 1A% 80/20 (%wt) 1A1 MFR 404 94.97, 97.25 1ag

. & Y <3 1A A o Yo A 2 ]
81.24 (g/10min) G]NLLﬁﬂQGlWLﬂU’NLﬂﬂﬂ1iLﬁﬂNﬁﬂ1Wﬂlﬂ\‘l PLA 1/]']11’?@%1!ﬂ1511’i’ﬁﬁj\1‘111.!@ﬂ%1

Anlna aduaaslualsan 4.2 [18]
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a

3 @ < a 14 ' §
ﬂ]i]ﬂﬁ 4.2 Waﬂ’]ﬁ‘ﬂﬂﬁ@ﬂﬂﬂfﬁﬂ"l'i"lﬁﬁslli’)ﬂlllﬂwaﬁlllﬂiNﬁlﬁ%"ﬂlﬂ\? PLA /PTT ﬁqm‘wﬂu 250°C

K

faafldnadoy Melt Temp shin MFR
(°C)/ Load (kg) (2) (g/10 min)
PLA100/0PTT 250/2.16 1.083 94.97
PLA90/10PTT 250/2.16 1.621 97.25
PLAS8O/20PTT 250/2.16 1.354 81.24
PLA70/30PTT 250/2.16 1.094 65.64
PLAG60/40PTT 250/2.16 1.025 61.49
PLASO/50PTT 250/2.16 0.999 59.93
PLA40/60PTT 250/2.16 0.825 49.50
PLA30/70PTT 250/2.16 0.828 49.68
PLA20/80PTT 250/2.16 0.82 49.20
PLA10/90PTT 250/2.16 0.647 38.82
PLAO/100PTT 250/2.16 0.681 40.86

Y ' )
4.1.4 WaMSNATOUANAIUMUABITIAN (Tensile Strength)
lunsesoua1981955 13019 PLA 1 PTT wuilgyv nanafe guugiiluns
a 4 g’; a 1 [ 1 9 49! 9 . = o 9
HADMINAIVBINDANOTNI 2 FaAAUADUY 1IN Tun15¥131A28 Hot Compression 394114
2 Y 9 AR 0 Y a 1 a A '
NN Tagn13vugl PTT deoalagaiigiing 270 °C 11 PLA MHaueginamsidonaninedi
I~ Y o d a 2 Y 9 Ao A A o 1 ]
muldsa Nduaznan d1ldgumngiaif 210 °C oS n¥1aN WYY PLA 9gWD31 PTT 14
{ < 1 wa a J 1 o

WapNINA) 9INATNMINAToUN 4.3 92iHn 1831 auiiAveINe Ao SHANTZ1I19 PLA AU PTT

= 9 A A A X A = 2 9 ~ A =
N TuyaeaueiNSIe PLA Ay 1189910 TUms@3 suduau aeausnagui 270 °C 99

i pLA laGudovanm i lautianmenai ldeenunlidomiins aegiin 43, 4.4 naz

3171 4.5 [19]
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¥ A J < a v a
msmﬁ 4.3 wamsmﬁwﬁummmﬁmmumuﬁﬁa 611mmﬂweama%wﬁmzmnwammﬁ

WAUTLHING PLA / PTT

Stress at Break
Sample Young's Modulus (MPa) | Tensile Strength (MPa)

(MPa)
PLA100:0PTT 1002 18.2 20.5
PLA90:10PTT 1015 21.2 21.2
PLAS8O:20PTT 1125 23.2 23.2
PLA70:30PTT 1214 22.5 22.5
PLA60:40PTT 1226 28.5 28.5
PLASO:50PTT 1254 30.2 30.2
PLAO:100PTT 1412 56.2 50.12

1600

— 1400 -

0 -

Young’s Modulus (MPa

[ =

N H [en) [0e] o N

o o o o o o

o o o o o o
@V T
Gl O N————"73

GRS ;"2 7

Lo LQ
N R <z R Q Q <z
& S F & &
\y'@ &‘9 & \§\° X SN
AR R R R S N

517 4.3 namsnATEUUAAIAT Young's Modulus YeaianeamesHay PLA/PTT
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60

— 50 -
©
a
=
= 40 -
e
)
o]
g 30 -
&
[}
% 20 -
c
()
—
10 -
0 T T T T T T T
& L& gL L&KL«
S S & S & S S
S N % o) ™ N N
\y.'& \Y?)Q X \y/.\g S S Q"'»

‘]J‘?l 4.4 HAMINATOULAAIAT Tensile Sterngth mammwaamaiwﬁu PLA/PTT

60
50 -
g
é 40 +
4
©
g 30 -
o
)
©
w0
§ 20 A
&
10 -
O n T T T T T T
A & A A
« PSSO SEP S
N\ K Q { \ Q N
00‘9 N L PN &
" 3

‘l.lﬁ 4.5 HANINATOULIAAIAT Stress at Break "lJ’EJ\iLiJﬂW?JﬁHJ’E)SWﬁSJT"H’JN PLA/PTT

Tl



4.1.5 mamInagevauians Mavedanedmes (Rheology Testing)

MNMsnadeunyI Ngungiinisnaden 270 °C PLA Hiaanuniiadesndi

R A A

a a 14 A =\ 9 1 A
PTT lagft5ua PLA lTunwedweswaumuay aanuriainul 1duanas Taomnizad19g9i

UFUNTHEY PLA 11001 20 %wt WU Arnnuriiaiuud Iduanasdeoud1ann uag

] v Y
anyaznI e enIIN15 IR0 WINNUY (Shear Rate:1-100 1/s) A1ANHTH AT uw) Tiu 1)
= 2 "o W = a a = ¥ &g A
nlasumlas (ivuegiudasuiow: nganssums lvauvuiia Taeunnuii) Fuiuaung
o 1 v & X I '
it liawnsonuguamaveuduls’ls auiunms PLA Tu PTT iedugihiluduletelinas

HAUIAY 20 %wt ALAAIAI31N 4.6 [20]

1000 - —e—100%PLA_T270
——10%PLA/PTT_T270
20%PLA/PTT_T270
30%PLA/PTT_T270
—+—40%PLA/PTT_T270
A —e—50%PLA/PTT_T270
——100%PTT_T270

Viscosity (Pas)

—_
o
I

1 T 1
1 10 100

shear rate (1/s)

5Uf 4.6 Nﬁﬂﬁ‘l/lﬂﬁf’)llﬁllUwaﬂTiulWﬁﬂJ@QW@aliJ®§WﬁiJ PLA/PTT

Y
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a d
4.2 wamsansmessaulaneamesnanuazidulonanvos PLA/PTT

4.2.1 wamﬂmiﬁugﬂgﬁ’uiamﬁma%wau PLA/PTT faein3 09803 Andeiaen
(Single Screw Extruder: ThermoHaake®)
wdanIdiianeduesway PLA/PTT fidasidaunmswanii 100/0,90/10, 80/20,
70/30, 60/40, 50/50, 40/60, 30/70, 20/80, 10/90 ttag 0/100 (Y%owt) mﬂlﬂ%@\‘lgﬂ%ﬂlmﬂlﬂaﬂﬂﬁ

4 i1 ]
(Twin Screw Extruder) Iianihmstugiiduledionsessasadulusumanaass aremnsoq

v A

8ATANAYAYI (Single Screw Extruder: ThermoHaake®) tiadnu1dnyazvaudu lehanso

Y Y
{ 2

1 DY Y v < a ¢
Yuzlld Tasanzuazdulenvuglidvewanmsiugiuvuvaoumairve udanedmosnay

U U

SEHINNORUDTHANTZHIN PLA/PTT 1aasnagii 4.7
1nnsvugiiduloveswodmosnausyrdle PLAPTT A8as1dau 100/0,

90/10, 80/20, 70/30, 60/40, 50/50, 40/60, 30/70, 20/80, 10/90 ta 0/100 (Yowt) fe1nT090A3A

= = . kS ' 1 9 < Y A 9

INAYUAYI (Single Screw Extruder: ThermoHaake®)HUNUI ‘lijmmmmumullﬂ IUDIVINLETU

o ldoonuainmsoaia Wanyae lisuiFon iWesninguugiinldgaunuliild pLa

a A a 4 a [l < o Y 1 & Y A ~

aMsF@oNaN N WoAwaSHaAANS Inasd19saa5 1 A ludlwduinswB sunazarsaw

willou PTT 100% v 1 ldenansmindule lnaaevaniiald dagili 4.7
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PLAGO:20PLE

H a J { {1 3
310 4.7 wodweinay PLA/PTT N08nu191n Spinneret NAUNTEUIUMIVUFUIUUYaBUKAT

Ngauiigil 270 °C MBIATIBATANUUINGYIAY) Single Screw Extruder
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v

v A 3 g ,:' a
51 4.8 iduloandase (Free Fall) 7 Idonmsvugilidulonuunasumarigungi 270 °C d2e

Y

IA304 Single Screw Extruder

422 waninmsaugihdulenan PLA/PTT drensesugihdulomesedilszney
(Hills:Lab Scale Bicomponent Extruder Fed Spinning Machine)
nnnsiugiidulenedmesnan PLAPTT #idgasiaau 0/100, 10/90, 20/30,

30/70, 40/60, 50/50 1Az 100/0 (%wt) fre1n303vug1hduledosesdlsznon (Hills:Lab Scale
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a 2

Bicomponent Extruder Fed Spinning Machine) Hounginsvusdnedweswaui 270 °C

Q U U

Y ]

< . 1 éj Y a 4 3}; =2 ~
AITNLETITOUANG 8 rpm/min m‘lumiwgﬂmuiﬂmﬂwaamm PLA 100% (%wt) HuvusUn

u

A

A 2 A ' 2 A A 2 A
g Tunsyugi 230 °C iiesan Tienunsaduigurglveanszuranisyugili 270 °c
9 d' a (g’/ a A a J [
]‘lﬂ LUBDNAIN W@alﬂ@iﬂﬂﬁ@ﬂ%uﬂﬂqmﬁ{]ﬂiuﬂ"lﬁﬁﬁf’)lllﬁfn T AWIUNIN
1 a A A o 4%’ 9 = .
WU WoRUNDIN PTT 100% %Zuﬁﬂﬂmgﬂ1iﬂlu§ﬂ!ﬁuiﬂm'ﬂ’ﬂﬂﬂ’lﬂ'lﬂ Spinnerate
4 o Y < Y A ] A o ' o 3 9

UUUITUITU E‘]ﬂ}lmgﬂl'ﬂ\‘llﬁu‘lfli]gf]f]ﬂﬂnﬂulﬁu%ﬁ?ﬂﬂ?ﬂ Lauclﬂuaﬂymxﬁqu YUNUANUDY

ansoilududulenauia 50, 100, 150 m/min 18 uaziwedmes wauf PLA/PTT 10/90

a 4 {

dg@l A glz o Y v 1 1 [ VA =1
(%wt) mimugﬂ‘waaﬂmmummmm”lﬂmmfu PTT 100% (%wt) (FUNH LANNDANOITHAUN
g 1 Ay v . g a I ' A ~
PLA/PTT 20/80 (%wt) 11 1du1e9 1d00n11910 Spinerate 111 (AAN1TVIALT 199 110991 %
1 Yy g v Lo & A . '
'lﬁ'll'lmell@ﬂ PLA IWUIU ﬁ"lll'liﬂﬂJ’)uLﬂ‘Uhlﬂ 7N 50 1ag 100 m/min NIUU N 150 m/min "lll’fﬂiﬂifl
9 < Y
hwny'la
a 4 A A A
LL@$W@ﬁL3JfJ§'WﬁiJVI1J'1JQ§3J'Im"1]@Q PLA quaﬂu PTT % 30/70, 40/60 tiag 50/50
g 1 [l o IS Y Yy a @ 9 (BN 4
(%wt) HU WU ]liJﬁ'lll'liﬂ'E)ﬂL%ﬂﬁ)'ﬁ)ﬂﬂﬂlﬂulﬁulﬂqﬂ Lﬂﬂﬂ?i@ﬂ%ﬂlﬁuiﬂllﬂﬂquﬁﬂlﬁﬂﬁ
A Aaa Y 49! o Y a A = 1 =
IHBIVN qmﬂguﬂﬁﬂumimugﬂ’gwm 1’1']6114 PLA DANITLAOUTNIN ﬂ\‘lhlﬂJﬁ'lﬂJ'l‘iﬂ@ﬂiﬂ

ponuuihudule’ld da3Uii 4.9
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PTT 100% PTT90/10PLA PTT80/20

51 4.9 msvugidulenan PLA/PTT frensestugihdulodeseadisenou (Hills:Lab Scale

Bicomponent Extruder Fed Spinning Machine)
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423 paminadevananianudoudromaiaaries sumeadunuiiaunass
a 4
U907 (Differential Scanning Calorimeter, DSC)

] J a {
mﬂwamﬁnﬂaeummiﬁ’muﬁdﬂquﬁ{]umi‘waaummmm PTT ‘ﬁﬂizmm

]
a =

227 °C wag PLA Hgauvigiinsvasumadii 150 °C Taghgavgiinisvasuiaiveduloneu

U Q

ueraieA1gavgil lunsvasuMalves PLA uag PTT edumudauas lumanisulaouulawin

e &

[ 1 a 9 Y 9 1 Aa d' 1 [
¥IRU wennlimgangianIuzAdeund (T, vouduleway limamsnlasuuilassuniy
vy < Y} AN v Y o L. 1 2 =

uaaaindulonay PTT/PLA Wwdulomaun 1wy (Immiscible Blend) A1anuilunan
.. Y = 9 A ds! 1 = o Y
(% Crystallinity) ¥99 PLA Twidulomaufuud Tduniuvu uaaedl PTT Unanii v PLA auiso
a = 1 A 3 = A A 9 A
wanan Iamuvy Tuvaznainnuilupanysa PTT aaad tiedSuna PLA Twdulemaaiiy
dg@l v o a = o Y 9 a =
UINVYY UAA9I1 PLA YAU19Msinananved PTT 114 PTT hwudulenauinanananad uaze1n

' ] A < Y o o A
ﬁﬁWaslfl"iLﬁu1‘&1Wﬁ1|3JﬂWﬂ'NiJLLGlN!LﬁQGUfN!ﬁu%JGH ANAIT NN 4.4 [13-21-22]

M9N 4.4 auiiannanusouveudulonay PLA/PTT

Sample T, (°C) ) (°cO) %Crystallinity
PLA PTT PLA PTT PLA PTT

PLA100% 148.8 - 57.9 - 30.4 -
PLA10/90PTT - 227.8 = 43.4 - 423
PLA20/80PTT 148.8 227.8 = 42.6 3.6 39.7
PLA30/70PTT 152.7 226.8 58.3 43.6 4.6 393
PLA40/60PTT 150.4 226.6 58.1 42.4 5.9 39.7
PLAS0/50PTT 151.2 226.5 58.2 43.6 7.5 393
PTT100% - 227.8 - 52.5 - 43.0
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4.2.4 wamsnaaevautiansnadiveudule (Fiber Shrinkage Testing)

iﬂﬂﬂﬁ‘ﬂﬂﬁﬁl‘uﬂ"liﬁﬂﬁ?%ﬂﬂl%ﬂiﬂﬂﬁ“tlﬁﬂﬂﬁﬁﬁTi1\1171 4.5 WUNNITHAAIVDY

De

H vy 1]
duloway Ngangiinisaugal 270 °cidule LA Dugdl1d iManisnadigage (47.7%) o

Q U

S euMeuny PTT (11.4%) Tumanduiumudi weamesnauszning (10, 20 % wt) PLA/PTT

a

] Y ]
AMsnaaIliuul 1575aa (0.7-4.4 % Shrinkage) 191119931910 n53u31 100% PLA Ngaingil

£

k4
g It liansoauauuunaves idule pLA Iiluldamusasinistlowiio’ld (Throughput

v
a " v (3

A A AL a s @ Ay 12 A &
Rate) Lummﬂmmwuﬂwmmullﬂ (Waamamaﬂymzmﬂwavﬁlmuag UIATURNDU) U9
44 2

@ 9 3 9 3 [ 1 A T o

dunalaarnanuEuiuwnuimuiu lidamadensilasundasainriadives 100% PLA
. A 9 a 4 = Y 1 @

(47.7-47.4 %Shrinkage) Juvaiz tdulonafmwosnau tag 100% PTT Huud IHUAINITHARD

2994 [15]

M31ai 4.5 mimﬁwmgﬁuiamu PTT/PLA

Sample % Shrinkage (50 m/min) % Shrinkage (100 m/min)
PLA100% 47.7 47.4
PLA10/90PTT 0.7 0.4
PLA20/80PTT 4.4 2.4
PTT100% 11.4 9.7

4.2.5 NaﬂWi“ﬂﬂﬁ'@Uﬂ??ﬂl!“ﬁﬂlliﬁﬂl@%&}uﬁlﬂﬂﬁﬂ PLA/PTT ﬁ?ﬂlﬂ%ﬂﬂﬂﬂﬁ@ﬂﬂ’ﬂu
9T (Tensile Strength) [23]
1. Nﬁﬂ”lﬁ‘ﬂﬂﬁ@ﬂﬂ?nﬂl%ﬁlliﬂ (Tenacity) SU’E]\‘]L@%}L!GLEJNETII PLA/PTT

2INNINAAOUANTANIINAVOINDANDI HANTEHIN PLA AU PTT WU

9
v

10% PLA/ 90% PTT a1anuaumiuasusanavoadule duuaTduuinnil 100% PLA 9094
<3 2 A A A d’! 1 o Pl 9 1 =< Y = 9 A da!
anuE lumsdeganmiuiuanar ldainnudrumuasusadavoadulotuud Ty

(10 50 13]1 100 m/min)
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1Y) 1 4 A I o
Tuvaiz@ernunu WearmiuiSuamsneay PLA 1y PTT 51 20% (%wt) i1 1%au
Y 1 = 9 ' 9 2 d " Y o a 4 3’/
Mumuasusinavouduleanasaoudianin suilusawiananu lumiduyeanedusina
Y v
A09YHA DNNINITHAY 20% PLA aanain 1 % Crystalline anadda 7.7 % ¥99zdaHanaf1ny

<3 o S ' @ {
udassveudule hlvdulenvugl 1dtinnuduniudenssdsanas dagili 4.10

1.200

1.000

0.800 T

M 50 (m/min)
0.600 -

[ 100 (m/min)
0.400 -

Tenacity (cN/denier)

0.200 -

0.000 -

511 4.10 vamsnaaeuAINUIT s Vo udUlonEY (Tenacity) Y09 PLA/PTT

2. HAMINAABIAINITINAT Bl 9AV1A Vou1dU 1o (Elongation) Y09 PLA/PTT
1 A o Y 1 9 = A FUR)
mmsvaaveuduls mnmanisnaasanu idule PLA Inisdadnldrios
[ 9) o a 4 (% 4 [ 4 =Y
audule pTT M ldidulenedwesnauiinistadd ldanauiomeunuduls PTT tiedSua
a 4 A da! A A v 9 A A <
PLA lunwedwoswaumunniy Tagnaimssadrveudulonauanaaiiamiuaiusilums

1A UIN 50 m/min WNATIY 100 m/min #3317 4.1
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1000
900
800
700
600
500
400
300
200
100

% Elongation at break

v o\
,@Q\y rI9QV \QQ
N N &
é@ &«Q) N
< < Q\yg’

W 50 (m/min)

W 100 (m/min)

51 4.1 samistadvoudule (Elongation) ¥ PLA/PTT
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=
Unn s

azdwansIde mienlnewa uazderauenuy

5.1 asdwamsidanazennena

9

5.1.1 agunaninmIwsoneamesnay PLA/PTT wudmeamwesniaeyiiaiigungil

lumsviaouraldenuao U 19w M InoasdrunauniUsuiawes PLA TudlSuian
[ g.ll o Y
V1IN 20% (%owt) HU MINAUI AN
=~ a [ a g‘;
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Preparation of Poly(lactic acid) and Poly(trimethylene
terephthalate) Blend Fibers for Textile Application
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Abstract

Biodegradable poly(lactic acid) (PLA) and poly(imimethylens terephthalate) (PTT) blend fibers were prepared in this
smdy. PLA and PTT were blendad in a twin screw extmder with varied contents of PTT 0-50 wt%: The PLAPTT
blend were melt spun inte fiber by melt spinning technique. Themmal properties and crystallization behavier of
PLAPTT blends were mmvestigated. PLA fiber was glossy and transparent while PTT fiber was opaque. The spinning
of PLAPTT blends fiber was difficult due to the difference in melting characteristic of PLA and PTT. However, the
PFLAPTT blend fiber was successflly spun at PTT content of 10 wi% with the barral temperature of 250 °C and
would be suitable for textile application.

€ 2013 The Anthors. Published by Elsevier BV

Selection and pesr-review under responsibilicy of COE of Sustzinalble Enargy System, Fajamangals University of Technology
Thanyaburi (FMUTT)

Feywords: poly(lactic acid), poly(burylene succinate), melt spisming, miscibility, crysallmity
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Sirada Padee et al. / Energy Procedia 34 (2013) 534 - 541

1. Introduction

Plastic materials are widely applied for vanous kinds of mdustries due to their high specific strength
and light weight. However, general plastic materials have been synthesized from petrochemical resources,
which now are running out and make the environmental problems due to their non biodegradability.
Therefore, in the present day. biodegradable plastics are pronusing benefited for environmental friendly
materials. Poly(lactic acid) (PLA) is now available and has been an attractive biodegradable plastic. It
exhibits high strength. clarity and biodegradability. However, PLA 1is bnttle, which 1s a limitation for
appling 1n textile industry. For improving the ductility and flexibility of PLA, it has been adding with
plasticizers such as polyethylene glyveol or tmacetine [1-2] or blending with polymers such as
biodegradable polvester 1.e. poly(butylene succinate) (PBS), poly(butvlene succinate-co-adipate) (PBSA)
or natural rubber [3-6].

PLA fiber 1s great interested for biological and medical application, which was reviewed by Gupta et
al [7]. Du et al [8] studied on structure and properties of commercial PLA fiber producing in China,
which their results were useful for further applied PLA fiber in the industries. Sawada et al [9] modified
PLA fiber with enzymatic treatment. They summarized that the enzymatic treatment caused the
hydrolysis of PLA fiber resulting in the reduction in fiber strength. Reddy et al [10] prepared PLA and
polypropylene (PP) blend fibers in order to improve the biodegradability, dyeability and resistance fo
hydrolysis. PLA i PLA/PP blends fiber had better resistance to hydrolysis and dyeable with disperse
dves. However, there is still less information about PLA blends fiber for development m textile
application.

Poly(trimethylene terephthalate) (PTT) 1s an aliphatic polyester. which 1s synthesized from 13-
propanediol that derived from renewable resources such as corn sugar [11]. PTT has been widely used i
textile applications. Their properties exhibit superior strength and excellent dyeablitity [12-14]. Blending
PLA with PTT would develop a new material for textile applications.

In this research, PLA and PTT blends fibers were prepared by melt spinming process. Thermal
properties and crystallization behavior of PLA:PTT blends fiber were investigated upon the effect of
PLA:PTT blend ratio. Mechanical properties of the blends were elucidated from compression molded

specimens.

2. Experimental

2.1 Materials and fabrication

Poly(lactic acid) (PLA) (Grade 3051D) was supplied by NatureWorks LLC, USA. The melt fow rate
was 10-30 g/10 mun. Poly(trimethylene terephthalate) (PTT) was purchased from the company in China.
The melt flow rate was 20 g/10 min The ratios between PLA-PTT blends were varied from 90:10, 80:20,
70:30, 60:40 and 50:50. The neat PLA and PTT were also prepared as conirolled. Table 1 tabulates the
composition of PLA and PTT in the blends and the sample designation.
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Table 1. PFLA/PTT Blend compositions.

PLA contents PTT contents PLA:PTT Sample

(wit%) (wi%) designation

100 0 PLA

90 10 PLAS0:10PTT
80 20 PLASO:20PTT
70 30 PLAT70:30PTT
60 40 PLAG040PTT
50 50 PLASQ:50PTT
0 100 PTT

PLA and PTT were dried in an ovent at 80 °C for at least 8 hours before compounding in a twin screw
extruder (KEDSE 20/40, Brabender, Germany). The barrel temperature was set at 190-250 °C with a
screw speed of 80 rpm. After pelletized, PLA:PTT blends were dried before fiber preparation. PLA, PTT
and their blends were melt-spun by a smngle screw extruder (ThermoHaake, Germany) equipped with
multifilament spinneretes. The barrel temperature was set at 200-250 °C with a screw speed of 50 rpm.

Neat polymer and the PLAPTT blends were compression moled at temperature set of 250 °C for
mechanical properties investigation.

2.2 Characferization

Thermal properties and crystallization behavior of PLA. PTT and the blends were investigated by a
differential scanning calonmeter (NETZSCH, DSC 200 F3) at temperature range of 30-270 °C at a
heating and a cooling rate of 10 °“C/min under mitrogen atmosphere. The DSC melting and cooling

thermograms were recorded for analysis. The crystallinity of polymer was calculated from the following

equation.

AH %100
AH 1150

%X = (1)

Where X, = Degree of crystallimity

Heat of fusion of polymer

Heat of fusion of 100% polymer
Crystallization

AHgg of PLA was 93 J/g [15] and AH g of PTT was 104 J/g [16].

EE

Tensile properties of the compression moled specimens were carned out according to ASTM D638 by
an Instron universal testing machine (Instron5560). The extension rate was 10 mm/min.
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3. Results and Discussion
3.1. Thermal Properties of PLA/PTT Blends

Fig. 1 and 2 depict DSC results of melting and cooling thermograms of neat PLA, neat PTT and
PLAPTT blends, respectively. The melting curve of PLA exhibited three steps changing including the
step of glass transition temperature (T;) of PLA at around 62.8 °C followed by the exothermic peak of
cold crystallization (T ;) around 122 °C and the melting temperature (T ) peak of PLA at 152.6 °C. The
cold crystallization appeared in PLA melting thermogram indicated that PLA was difficult to crystallize
hence the crystallization was occurred during the melting process [17]. On the other hand, the DSC
thermogram of PTT showed three steps of changing including the step of T, at 46.2 °C, exothermic peak
of Tegqa at around 60 °C and Ty, peak of PTT at 230 °C. The cold crystallization of PTT was comresponded
to melt-quench of PTT [18]. The heating thermograms of PLA:PTT blends exhibited the step of changing
with both PLA and PTT in the blends. Two melting temperatures m the heating thermograms of the
blends were related to the melting charactenistic of PLA and PTT. which indicated that PLA and PTT
were immiscible. However, intensities of melting peaks of PLA and PTT in the blends were decreased
depend on the PLA and PTT compositions in the blends.

—PLA —PLASR:IOPTT il
—PLASK:2IPTT —PLAT:I0PTT /

/'
——PLASKRWPTT —PLAS)LSIPTT
o ELE

s -/J\-.U,r’“—__

i
a1
1

L
=
1

(=]
pi

/

-/ Ilk_

=
4]

Heat Mow endo up (W/g)
- (&)
= =
1

0 60 90 120 150 180 210 240
Temperature (*C)

Fig 1. DSC melting thermograms of PLA PTT and their blends.

Fig. 2 illustrates DSC cooling thermograms of neat polymers and the blends, which represented to
crystallization temperature (T.) of the polymer. There was no T, in the PLA thermogram, which indicated
that PLA was difficult to erystallize. PTT cooling peak of T is clearly seen at temperature around 184 °C.
Blending PLA with PTT would promote crystallization of PLA. which indicated by the exothermic peak
of PLA crystallization i the blends at around 90-95 °C as shown in Fig. 2 The peak intensity of PLA can
be clearly seen when blending with PTT 10-30 wi% then the intensity decreased when adding PTT at
higher contents. On the contrary, the peak intensity of PTT decreased when blending with PLA. It was
attributed to PTT would act as a nucleating site for PLA crystallization while PLA retarded the
crystallization of PTT. Therefore, in the blends, PLA erystallinity would be enhanced where as PTT
crystallinity was diminished [19].

104

337



538

Heat Mowendoup (W/g)

Sirada Padee et al. / Energy Procedia 34 (2013) 534 - 341

2.5
20— T |
| PLASD:S0PTT ™/
e _— - -
1.5 4~ PLAG:AOPTT \\ /’
0
PLAT0:30PTT H
1.0 - J}H/
~_ PLASD:20PTT |
— -"\/'_ - - I_I
0.5 - PLA9D:10PTT
PLA
0.0 T . ; . : .
30 60 90 10 150 180 210
Temperature (°C)

Fig 2. DSC cooling thermograms of PLA PTT and their blends.

Thermal properties and the crystallimity of neat polymers and the blends are tabulated i Table 2. Ty
values of both PLA and PTT in the blends decreased when mcreasing either PTT or PLA fraction in the
blends. The declination of T, was due to decreasing of crystal size of PLA or PTT in the blends [20].
From the results, T, of PLA 1in the blends mncreased when increasing PTT contents. Likewise, T of PTT
in the blends also increased at a lower PLA contents. It was due to PTT would enhance crystallization of
PLA, which resulting i increasing PLA crystallmity. However, PLA might hinder PTT crystallization,
which resulting in the reduction of PTT crystallinity.

Table 2. Thermal properties of PLA_ PTT and their blends.

PLA PTT
Samples

Tu(°C) T.(°C) %X, Ta(°C) T.(°C) %X
PLA 152.6 - 182 - - -
90:10 151.0 88.0 195 226.6 189.1 7.8
80:20 1514 927 219 226.5 186.0 11.7
70:30 1505 953 20.6 2271 1853 238
60:40 1481 947 229 2269 1821 26.2
50:50 1497 95.7 134 2279 182.0 51.0
PIT - - - 2307 183.7 80.9
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3.2. PLA/PTT blends fiber

PLA, PTT and their blends fibers were melt-spun by melt spinning process. The melt spinning of the
blends fiber was difficult due to the difference on the melting characteristic of PLA and PTT. The
processing temperature was set up at 250 °C for melting PTT while PLA was degraded at this
temperature. Figure 5 shows photographs of melt-spun PLA. PTT and the blend fibers. PLA fiber was
clear. glassy and brittle while PTT fiber was opaque and soft. The PLA/PTT blends fibers were not
smooth, which was attributed to the immiscibility of PLA and PTT in the blends. It can be noted that
PLA:PTT blend fiber was successfully spun at PTT content of 10 wt%.

PLAS0: 10PTT T PLABO:2QPTT

70:30

PTT

Fig 3 Photographs of PLA_ PTT and their blends fibers.

3.3. Mechanical properties of PLA/PTT biends

Mechanical properties of PLA. PTT and their blends are presented in Fig. 4 and 5 for tensile modulus
and tensile strength. respectively. PTT exhibited the highest tensile modulus at 1.4 GPa while tensile
modulus of PLA was around 1.0 GPa as shown 1n Fig. 4. Tensile modulus of the blends increased with
increasing PTT contents, which was due to the stiffness of PTT. However, the tensile modul of PLA:PTT
blends were low due to degradation of PLA when fabricated the blends at the processing temperature of
250 °C. Tenstle strength of the blends slightly increased when increasing PTT contents in the blends as
shown in Fig. 5. However. tensile strength of the blends was low, which due to the PLA degradation and
an immiscibility between PLA and PTT in the blends.
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Tensile modu lus (G Pa)

PLA  90:10 80:20 70:30 60:40 30:30 PTT

Fig. 4 Tensile modulus of PLA. PTT and their blends.

60

Tensile strength (M Pa)
=

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

Fig. 5 Tensile strength of PLA, PTT and their blends

4. Conclusions

Thermal properties and crystallization behavior of PLA:PTT blends fibers were clarified in this study.
The mncorporation of PTT enhanced crystallization of PLA in PLAPTT blends, which then improve
crystallinity of PLA in the blends. The melting characteristic of PLA and PTT in the blends was an
important factor in order to selecting processing temperature for spimmng PLA/PTT blend fiber. In this
study, the PLA/PTT blend at 90/10 ratio could be melt-spun into fibers at the barrel temperature of 250
°C. It can be noted that tensile properties of the PLA/PTT blends increased when increasing PTT contents,
which also would apply PLA/PTT blends fiber for textile industry.
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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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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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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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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



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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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]



8 50 {mimin)
100 {mymin}

% Elongation

Uil 4 damsiadamanduly PTT, PLA wazdulowafiuod
wau PTT/PLA

5. a3
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fuAanEnyaswaRueEnTAnnis wazdsnalina
vdsussuarnisiadivondulowefwafuruaand
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ganalil PLA Tuduloimfamaifasanw wazdons
Wamnuudaussvanduloanss waanemddoi s
TowaSiaasuas PTT/PLA figasdan 9010 wazaa s
msifudrly 50 mimin ddiansndius ey
ﬂmﬂﬁmmmu%’auﬁmanmﬁﬂ'lﬂﬂ‘a:qnﬂ'l'ﬁ’ﬂu
maduianasall

naanssnissne
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