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ABSTRACT

Poly(lactic acid, PLA) has been widely used for biodegradable plastic applications. Melt
spinning technique of PLA fibers with varied cross-sectional shapes was used to improve some
properties such as surface area, hand touch and luster. However, PLA fibers from this technique
tend to easily break and difficult to make cross-section fibers with the same hole orifice. This
research aimed to study the effects of spinning conditions on mechanical, fiber reflection and dyeing
properties of PLA fibers.

PLA fibers were prepared by melt spinning process with two spinneret hole profiles
(circular, and 4-lobed shapes). The spinning parameters included spinning temperatures, throughput
rates, and fiber take up speeds were studied. The prepared fibers were tested by tensile strength
(ASTM D 3822-01), reflection, and dyeing properties (CIELAB).

The results revealed that, circular PLA fibers could remain circular shapes resembling its
original spinneret whereas 4-lobed PLA fibers exhibited variations in cross-sectional shapes with
spinning conditions. The calculated shape factors indicated that the spinning temperature was a
major factor that determined PLA fiber shape. At the spinning temperature of 2200C, both of the
prepared fibers shapes showed good mechanical properties. The cross-sectional 4-lobed shape PLA
fibers showed the similar shape to that of the original 4-lobed orifice. This spinning condition was
therefore preferable to produce 4-lobed PLA fibers with good luster, which could give appearance

feature in textile applications.

Keywords: poly(lactic acid) fibers, fiber melt spinning, cross-sectional fiber
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9 a Aa A Aa Y o . A 3 9 <3
Wi lenwoauananueFanuHuIaaLUVI9NaN (Circular) NANNIGINIUAY (S)
. d' aol Y 1 1Y Y dy a 4
500 m/min NYUHYUANNU (T) (VU-0 ) HazonsINsieuilieneawes (TP)
0.34 1182 0.52 g/hole/min (F18-V21) NEANSIVENS 40 ..o,
9 a a A Aa Y o A ~ 3 Y ]
wulenwoauananueFaNuHUNAAUUUFURD (4-Lobed) NANULTAINIULND (S)
. d' a o Y 1 1Y Y dy a 4
300 m/min NYUUYUANNU (T) (UU-aN) HazonsINsieuilieneawes (TP)
0.34 1182 0.52 g/hole/min (F18-V21) NFGIVENS 40 N ...veoveeereerere
9 a a A Aa Y o ~ ~ 3 Y ]
wulenwoauananuaFanuHUAALUUFURA (4-Lobed) NANULTIWIULNU (S)
. A Al @ 1 % 9 dy a o
500 m/min NYUUYUANNU (T) (VU-0 ) HazonsINsleuilieneawes (TP)
0.34 1182 0.52 g/hole/min (F18-Y21) NAGIVEN 40 ... ooveeeeeeere
d' 9 Y o 4 9 a a a
msilasuuasvadusouniga (Perimeter) Youdu lanoauananosa
o 4 g < v
NAALUL 19naY (Circular) NANUE WA (S) 300 1A% 500 m/min
Y
a o o [ a 4
PUNYUANNU (T) 220, 240 1o 260 C wazonsIMstleuiionoaues (TP)
0.34 1482 0.52 g/hole/Min. ... ..ot e
= Y Y o . 9 a a a
msilasuuasvina@useunaa (Perimeter) YoudU lanoauananosa
Y o = = 3 9 < oA
HUAALUUELRN (4-Lobed) NANULTIWIUNU(S) 300 Ltag 500 m/min N
a @ ) v g a 4
QUNYUANNU (T) 220, 240 tag 260 C HayenIIMsleuiionoaes (TP)

0.34 118 0.52 g/hole/Min... .. ..o

[

Y o

= g = Y o 9 a a a
msifasuudasvinanunmiinga (Area) 5UE’NLﬁuclﬂWﬂallaﬂ@]ﬂLL@"]fﬂﬁu"mﬂ

a

. A 3 9 3 oA
HUVINAY (Circular) NANULTIWIUND (S) 300 LA 500 m/min NYUMHU

1 @ 0 o Y dy a 4
@190 (T) 220, 240 1Az 260°C LagonIINITLoule Woawes (TP) 0.34 uay

0.52 g/MOle/MIN. ....uii e
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a3t (919)

s 4.10 msnfFeuntlasunaiuiiniida (Area) vouduloneduananueFanidad
RN (4-Lobed) finnuE2fauifiy () 300 tag 500 m/min figavigiianaiu (T)
220,240 1Az 260°C t1azasimsilewiionedmed (Tp) 034 uax 0.52
G/ROIE/MIN. ...

A 1 1 dy 1 Y o Y a a A
77 4.1 A19¥31/51911916@ (Compactness Factor) vouduleweduania nan1izms

517 4.12 manfeuiisumsnldsunlasnnunilavesweduananieda lunaud (Non-

o A

Dye) HaTNaANE (Dyed) m'@@muaauﬁqmwgﬁ@hmﬁu (220, 240 1 260°C)
A Y a a A Ao Y o . A 3 9
;sﬂ% 4.13 wduleneauananosan AL UUI9NaN (Circular) NANIGINIY
<3 {o w 1
U (S) 300 m/min AOAIVII 40 170,
~ Y a a A Aa Y o . A < 9 ]
;sﬂ‘n 4.14 1@ leneduananoFaNNHUIAALULI9NAN (Circular) NANTINIUNY (S)
500 m/min NOVAIVINY 40 LN ... ovvee et
~ a Aa a { o 4 ~ <3 <3
;nJVI 4.15 @uleweduananuedaninindatuuaunn (4-Lobed) NANUE A (S)
300 m/min AATAGUBIG A0 LY.,
1 Aa a a { o 4 { <3 <3
517 4.16 dulowoduananuesaniinidauuudunn (4-Lobed) AnMui3uny (S)
500 M/min NAVAIVENY 40 INNceiveooeeeoeeeeee oo seeesesee e ees e
d' d' 9 Y o 5 _ a a 9Y o
gﬂm 4.17 myasuudasvinaduseuniinga (Perimeter) YOINDALANANLOFAY AR
. {7 . <
BUDEURN (4-Lobed) N LUNEURIE (Non-Dye) asHaURad (Dyed) NAMI52
I 1 A @ o o
1A (S) 300 UAE 500 m/min ﬁqmﬂgumaﬂu (T) 220 g 260 C LLALDAT
Y g a 4 .
M5YoUUONOANDT (TP) 0.34 LAY 0.52 G/h0le/MUN..veoeeeereeeeres e eeeeseeeereeeone
4 4 & A A - A 9o 4
gﬂw 4.18 M3asuudasvinaiun (Area) VoInWoalaAANLOFAIAALLU TR
{ [ { <3 <
(4-Lobed) ' l3naunad (Non-Dye) LasWaNHd (Dyed) NANUEITIUAD (S)
1 9
300 18 500 m/min ﬁqmwﬂnmaﬂu (T) 220 1Az 260°C LazdnIIM It ouile

U

WOANDT (TP) 0.34 1AL 0.52 @/hOLe/MiN. .. ... ...+ eeoooeeeeeeeeeeene
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Jin 4.19

31N 4.22

317 4.24

311 4.25

a3t (919)

E4
1 1A

A9%31/51911116A (Compactness Factor) YpINWOALAAANLDTANTIAALLIL
{ 4 ' 1 <3
FuUnn (4-Lobed) N Iinaunad (Non-Dye) tagHaunad (Dyed) AR5
I { a [ 0 o
(11 (S) 300 118 500 m/min NYUUHUANAY (T) 220 1AL 260°C HALDATING
9
a 4
Youiionoamos (TP) 0.34 1182 0.52 g/hole/min...........ocveveeeeeeeeeeeeee,
1 Y 1 = . 9 a a a d’d
AMANUATUNIUADLTIAY (Tensile strength) Voudu lewoduananioFanil
NINAAAAY (33aY: Circular tag TURN: 4-Lobed) 5en N9 TiHana uaz
A A < 9 <] 5 @ 9| & a 4
NENE NANIGINIUAY (S) 500 m/min A5 1N5UoULONDAWBS (TP)
0.52 g/hole/min UALYUHYHUANAY (T) 220 UAL 260°C......oovreerernns
J I 3 4 A o z Y a a A AA Y o
AnoFIFUANITIAAT (% Elongation) Youdu leweduananieasanilviiag
1 % . d' ] ] = = d'
@197 (39naY: Circular UAE AURN: 4-Lobed) 521113 lUNAUT LazHANE N
< < o ¥ a 7
AN (S) 500 m/min da3imsilenilonediues (TP) 0.52
g/hole/min UALQUUYNANAU (T) 220 18 260°C..ovveeeeeee.
] Y 1 =3 1 A @ 9 a a a d‘d Y
ANIUATUNIUADLTIAIABTLILNITIAAIVBUT U lanoatananLeFaN U1
o 9 ] 1 = =y ~ ) I .
AR UIZH I IR NE: A uaznaud: B 1AN535910(S) 500 m/min
9
[ a 4 a @
gns1msileuilenodues (TP) 0.52 g/hole/min HAZRUUNNANY (T) 220
1ag 260°C.ll 0. . JILS . (BN ) Ao em ]
1 ) 1 2K A @ Y a a A Aa Y o
AANUATUNIUADLTINIADTT Bz EAR VDU lanoaLanAnLaFANN HIAA
1 % 5 d‘ 1 ] = = d‘
@197y (29AY: Circular a2 AURN: 4-Lobed) 5x NI UNTUT HAzHANT N
< < o ¥ A o
AT (S) 500 m/min BA5I1M3VRTIeNERIWD 3(TP) 0.52
g/hole/min U1AZQUHANANAU(T) 220 UAL 260°C.c..ovveveeeeeireeee
1 Y Y A Y o . A
AmnsazneunaIuuauleNviaauuu9naN (Circular) LAz dunn
{ <3 < { [ Y]
(4-Lobed) NANUFIUNAD (S) 300 m/min NANIZAN] AU
1 9 Y Ad Y o . A
AMIazRoULEIUEU leNNHUIAALDUI9NaN (Circular) LA FURN

(4-Lobed) NANUG1IUAY (S) 500 m/min NAAIZAI VU ooooeeoo
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CED

Circular

°C

Cross Sectional Fiber

™

4DG
FEM

g/hloe/min
Ol-Hydroxy acids
L*

Luster

m/min

Melt Spinning
Octagon

Orifice

PLA

PLLA

Mmesnedanyaltazmee

ow

a

=S
GRS
AUl

4 A o Y = . ..
DIANTNNMHUUANINTIIUATUA (International Commission on
Illumination)

4 o v Aa 4
41195 (Hydromechanical simulation software) @M UAATIZHNT
nlasunasgisemihdadule
NNAY

=
DI UB AL el
dulounyiivihda
Y} A =R
idulouuniiaosan
) v A 4

11)514n5% Finite clement method simulation §1M5UATIEHNS
nasuwlasglsnidadule
NTuABIAOUIN
nsaoavhleasond
AMANUAIN
ANUNULN

1 =~
INATAOUIN
MITULUUHauTaD

A
uuulaasy
v A 9

gimaauly
WoALANANILDTA

NOALDAUAAANLDFA

(15)



Pigment dye
%R

S

T

TP

TGA
Trilobal
Technical Textile
Tetragon
Velocity

a

B

) a [V [V d o
MeBLnadanyaazA Lo (A0)

Aa 9
ANALY
4 4 Y
oS ruamsasnouLaa
< Yy I 9
anus lumsiunudule
QNN
[ EY dy a J
931 oulionoaues
= so’w Y

msnaasumMsasumlanimiinvesaislasanuiou
ST L QP VIR GIGEY
AINOMUNAUA

A A
UV

<3 Yy I 9
AN lumsinumnuaule
woarh

Y
WA

AT
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1.1 Mnmazanudng

woauanAnUe®a (Polylactic Acid) %30 PLA lasumsnisleaiuedraunsvaie
lundvoswara@niiaunsodooaatsld Fagndunuluil 1932 Tau Carothers (Du Pont) §Han
wandnuedaimiin Tmanamdrennudeumeldanizqaannia m3ldamlugausngn
wasiluwdadusininsuwndigu Tuuazate (Sutures)  32UDAMNANAITINE 7
(Controlled Drug Release) 108 Du Pont Liag Ethicon [1, 2] ii{osninfidunulumsnangs o614l

] Y
aauiie luwuunil Idlimsanuazlsulsmsndaneauandauedaliiauiianisi lu 14

A 49! a a o [ = A g’/ 9 A o a I a
nunassruluganiisd lulssmeaavigonsm uaziju Tasasasauminnnaaiuianan

a ) @ @ J 3 a a a a 49! T o a A 9 " Y
L!@“lf@ﬁ’]ﬂi‘]JﬁQLﬂi']gWLﬂuW@aLlaﬂﬁﬂll'ﬁ]“]fﬂWa@ﬂ]u%’lﬂllwaQ’Jﬁﬂ@ﬂﬂﬁﬁ’lﬁﬂ@uﬂuslﬂuulﬂ

Q

[ 1 4 [ o ) 1% I I
(Renewable Resources) 08190913194 1aun 111 1wa do8 naziudidenas tudu 3uilu
= & A 1 9 = Y] a = I a [
mudenuilanansadrouddymves aamsianiminenstIasdeuas uaziiluiinsae
2 9 A a a A was 1 Y = A =<
fanedon osnnneduananuedalicuiaMauratslszns laun gaguanuiud nsdu
[ ] Y Aa 1 a o [ o
waza i laa aalnenn nazneliminaniuiiss nunudesiadanii i Toaa (UV) 484 3491
° a a A a 2 A \ ) < A o P
M3neduandneFANINAA TN UTINBINANA (Technical Textile) 1HUNAANUNNADUDI
[ I 1 [ a @ P Qy
vannate iy 1iluded (Clothes) Jagnsos (Filter) naanmain 15114219 (Disposable) 1az

msldnudanssouzge (3]

P
” A ' o

& A I 9 A Pl A o o4 A = A Y
VNHLW@Lﬂuﬂ’]ﬁﬁiﬁlx‘lgﬁﬂHWNlmgﬂ'lﬁﬂl‘;INTHWﬁﬁﬂm“ﬂﬁﬂﬂﬂﬂﬁﬁTﬂﬁﬁTﬂﬂﬁﬂﬂﬁiJm'J ]

aQ

A = A @ Y A L%’ Y 4 a
naulamnyunernunisdunvuvasmnannwevugiiduleldszinnmmes Tuwaradn
a a, a 14 o 2
(woawsonaw, wedlodmes) Iageonuuugiinadule (Orifice Spinneret) IdaW50UUFY
Lﬁ’uiﬂiﬁ’ﬁwﬁﬁﬁ@@hmﬁu (Cross Sectional Fiber or Shaped Fibers) U FINHDYY (Trilobal)

H H ] H <
FMaeY (Tetragon) 1&ulouvuiaesan @DG™) uwiamasy (Octagon) @17 (Star) 1T udu
d' A A @ - A Y o 9 1 d' o da! 3 a ] J 1
maunIelsunlasuaniauialsemsIanuaulensunszstinvuzdiunaaduan

9 v
=1 aAa

ANAU (Luster) WOy (Bulk) ¥1v1inin (Light Weight) WITude (Hand Tough) WUH?

Y [

[ 1 90} a3 1 o 1 @
(Surface Area) MIAIHIUUT (Water Transport) 1 uaY a3 1.1 To I Iaidulounazida

U

~ ua ~ 1 [ Y o g’; a A Y o .
uanumawwmmmwﬂﬂﬂ NHHNAUUUAUANAD HUIAALUUIINAY (Circular) [4-6]
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MTEC 28KY

(3

suii 11 461'mEJNmu“lﬂmmﬂinwummﬁuiﬂmmﬂu [6-7]

' < 2 ¥ A Y o Y !

pd1alsnawlunszurumsvusihidulonvuiiviidadlronszuiunis Tunuy

. . . o/ { 1 (% -3
Waouad (Melt Spinning Fibers) innudymmslasuniasvesgliramihdadulenaug

k2 1 A ~ @ 1 Y v Y YA Y o A [ v A Y
1& namfesniezasinizditvesnidaveuduleliiinidamidounugiinadule
~ = J a a 4 " A oA [ o 1 A
(YN 1.2) cmuJuwammﬂwqwﬂimm5"!wmjmwaammumu@mmﬂmmuiﬂamwwamwa
Tunediuesniinganssums Inanvuiz Infleu[s-11] cmLﬂummwmmﬂﬂmimum
(Die Swell) HAZANUAIHD (Surface Tension) [12-15] ﬁuwaamaimmzwaanmm (Polymer Melt)

1 ~ 14 1 Y o v A 4
ﬂ@u‘l’l’1]$‘N@illgﬂi”lﬂ@ﬂllﬂu”mﬂ"llﬁﬂgﬁ’lmﬂ"lﬂ

-
I
= U‘ >

Y

H = =) % v A
ﬂﬁ 1.2 mmJaauuﬂawmmuﬁlamﬁuiﬂ'l @ (F1191) nfFeuimeusuriinadule (mﬁm) [12]

U

a o

v ¥ Az~ A = ! A 2 ] a
muu“lmma Elumumm’du%“Vli]zﬁﬂmm‘iﬂuumma@ummmamugﬂmuiawaa

a v v A Y Ao Y . = A
llaﬂﬂﬂll’ﬂﬂW'lu?i"JﬂﬂlﬁuiﬂﬂuﬁuWﬁﬂllUU')\?ﬂﬁiJ (Circualr) saziUuaURN (4-Lobed) (UDI9IN

°VNﬁf]\‘lﬁ")ﬂﬂlﬁuGlﬂiJﬂ’J'liJG]ﬂJG]ﬁ]u‘llf]\ﬁﬂi'liﬁ 'lﬁ’ﬂﬁ'l\iﬁ/uﬂ'lﬂ f)'lﬂﬁﬂﬁ}ﬂiTUﬁ\‘maﬂi%W]ﬂl@Q

Aasg Y ds! 9 . .
anzmsiiunasufinanaiaiy e qmﬂ@,wiﬂumimugﬂmu% (Spinning  Temperature)
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[

9 dy a 4 < 9 <] .. Y Y
9n31N3Uoulonoaes (Throughput Rate) ANMUEIUMSHIUNY (Velocities) TApd19Faau
A X ' @ wa 1 { 4 I
gauu TaonfSoufongdsraniidauazauriaaieg veadulen 1a el uunanidluns

ponuuuglsrnihaauazautiaveuduleldmmzaunumaih ) 1dauae i lueuaa

U

(v 4 a
1.2 'Jﬂi;lﬂﬁgﬁﬁﬂﬁllﬂﬁﬁllﬂﬂﬁ‘]u? &l

1 =

1.2.1 Anpiwavesguugineanunilavazasualvesnoatananieda e 1y

G

H Y
Tunmsiarsandenseguvgiinzauaensyugiiduleneduandnuedadiomatianis

U

Tunvuvasumalseiaaduleninindauuurenay uazaunnld
A = A X 9 a Aa A Aa 1 Y o
1.2.2 woAnyunatiatazan1izmstunasyveaaulensauandnuasanilieringg
Y} 1 o X Ada o 1 Y v 9
idulonennu Ao e WUNE taganyazglainaadule

1.2.3 1efAnyIHAY0INITIANEYMIATaD aulanisazRounds uaznsandvoudule

=

Aa Aa = ' Y o Y ' v
waaLLaﬂ@fmugﬂswwummﬁu%mmﬂu

= A

1.2.4 mefnuauiiaunlsznmsveudulonsduananuedannan 1

1.3 YoUIUAVDINUIVE
o A I~ a a a 1 o o 2
1.3.1 mmﬁmﬁwﬁummem%}aummzmwaauaﬂ@muﬂw ﬂaummmmﬁugﬂ
A o\ o 9 Y A
1. ﬂTi‘VIﬂﬁﬂﬂﬂ?ilﬂﬁEJu!L‘iJﬁﬁu"lﬁuﬂ‘l]@ﬁﬁ”lﬁjﬂﬂﬂﬁ”lhﬁ'ﬂuﬂ?ﬂlﬂi@\i’ﬂﬂﬁ"ﬂ‘ﬂ

Thermogravimetric Analysis (TGA)

v
= a

2. manadeumadsunasnnunilavesneduaninuedaiioungiain fude

200, 205, 210, 220, 240 1Az 260°C TAEIAID3 Viscosity Rheometer
13.2 ﬁmﬁéﬁugﬂLt’fuclﬂwaﬁuaﬂamm%vhuﬁﬁﬂﬁﬁwﬂjw‘i’mumqmu (Circular) 1oz

?"ﬂmﬂ (4-Lobed) @ﬁhamﬂﬁﬂm‘iﬂugmuwaamwmﬁ'mm’%m Randcastle Melt Spinning
fanmznisiunaey Sue i

1. gamginmsiunaeniilFlumstugdidulei 220, 240 iraz 260°C

2. fj"@mﬂﬁi”Jamﬁ@weamagﬁ 0.34 g/hole/min (g 0.52 g/hole/min

3. i lumsiiufiuii 300 m/min uag 500 m/min

A = . [ dy ! ! Y o Y
LW’E’JL‘]EEJ’UW]EIU"UHW@ (Area, Perimeter) LLﬁ%’mﬂﬂJ\‘i%gﬂiNiN"lJfJ\iﬂiﬂﬁm’duclﬂ

(Compactness Factor)
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o a = a a a 49! I Y A Y o
1.3.3 MMaenoynnd 0.1% Blueluneoduandnuegauazyugihiiluaulenivid

1 [ . ~ A d%l F) ~ A
191U 29NaN (Circular) ag AUAN (4-Lobed) lagidonanizmsvugihidulenminzan e
nFeuifsunaveszisnrhaaveudulen ldnemsazRounas uazmsaad Tasnsaesdae
Y 4 a JY

NA037aNIIAUNALIAATIEHAI 1Y 31NTY Image]

o = A A 9 a a a d‘d Y o 1 [

1.3.4 mimsnageunfSsumsuauiarinaveuduleneduaninuedaniniidad1any

29naW (Circular) 1AL ALAN (4-Lobed)

1. MIAUNMUADLITIA (Tensile Strength): ASTM D 3822-01

2. osuAn158ada (% Elongation): ASTM D 3822-01

1.4 Uselavivesnidde

o J a { X 4 2
1.4.1 awnsnihesaanuiuazmaiaildainmsane Td1Flumsdunasuiedugiidu
TeneduananedaNinnAaa199 M1 A28T2UIUMIVIIVUNARNHMAY (Melt Spinning) 1@

o Y =2 ! a A A U Y o

1.4.2 Mlvnnudwaaniiznsiiunasy uazmsiaveyminaniaezdinaniigg
uazauiasugvoudulonednananueTan I HIIAAA1AUILHI19 19AaY  (Circular)
{ y < a 1 @ ! wa
uagdunn (4-Lobed) el dunuimalumsinsunaonglitnidaveudulenlauia

mangausumsiin 1y lgauls
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1.5 I5MIAUHUMITIVY

M319N L1 LAUMSANTUNY

Y
JUADUNITAUUUIU

(Lai'll : NINYINY 2012)

= Y Yy 9 Ao A A P}
ﬁﬂyW]‘L!ﬂ’J"I"’IJE]Hﬁlﬁ)ﬂﬁ'1iﬁﬂ’3‘ﬂﬂ1ﬂlﬂ83ﬂ]ﬁ]ﬂ

mmamafauuauammmumiﬁuﬁmm

v

a [

o I a a a a
ﬂ]iuuﬂ’]ﬁ’ﬂﬂl@%ﬂm!ﬂﬂﬂfﬂ‘waaLlaﬂ@ﬂll'ﬂ“ﬁﬂ

@

wiadulouazginsainldluninaass

A

v

o < @ ] o wa
UUNA PLA @]’Ji’)ﬂ']\i”l‘ﬂ‘l’l'lf‘lTi‘VIﬂﬁ@‘]Jﬁll’UﬁVﬂ\i

ANuFoUITY TGA, Viscosity

A

v

. 3 '
#nsvugiidulensoniod Randeastle  Melt

Spinning AMLHUA UL

v

o o [ 9 { Y o 1 9 Y
idedrudulenldldviinisoredrendos
s A = ~ A X
anssmiien)Teufioulnsiziyuiauay

anvazveanthdaduleninindaniani

A

v

NAFOLLASUATIZHANTATING tazNTasiou
= 1 Y o
uaufFeuNeUTEMINNUIAAULINAVLAY

a
HUYTFURD

A

v

sawsmdeya smsinsikauazInizliay

A

A\ 4

21




UNN 2

av dd' d' Y
Q]H?%ﬂ!!ﬁzﬂq}l@]ﬂ!ﬂﬂ’sﬂlﬁﬂ

U

a d'd' Y
2.1 MUY NNYIVDN

v Y o

av A = / A4 X Y . .
ARNTUA EJ‘I/'ILﬂEJ’JﬂJ@Qﬂ‘]Jﬂ'liﬁﬂ]el'Iﬂ'li‘]ju'ﬂﬂ’iml,WE]ﬂJHEﬂlﬁuGlﬂ (Melt Spinning Fibers)

Y
puufizusrmthwihdauaznsily s Tewd sndaediedeae 11l

. . Y o { ' Y o Y
Hsiao-Chi azaaiz [14] lavhimsfinyimsulasunilasvesgisisvesnhdadule

v A

a an AR vy s . . . Y
weawsewaumugﬂ"lﬂmwewmi Hydromechanical Simulation Software (CED)T@]EIT’HEW’J%@

o=

1 Y
dulehinihdauuunmnumiSeuieununmsyugilse Taefnywaves Elastic Effect Tag
Y 1 A [ EY dy a o A 1 % 1 A A ~ 1
Heumnnunia snsimsilewiioneamainuanaanuny ganiinmsulasuuilasglsawn
NgafoUsnuaTIna (iyuda 4 yu) g 2.1 iWesaesgisvesnthdadulei ldnaann

a 4 § o ' (3 ' ' v ' v
Youmsiiiwmes luTdsunsuiediassgdzsrmmihdadulonua iaoasins Inadedas
a A A A ~ v A = a v 9 ' P A
MaAssARougINgalonTouMguN VYT NUVRY FI9INAMIVINAITBIN NN TUNTYHIAD
v 1w A v ) ' v a ¥ & Xy Y o

Ysuadnsimaneulimunzaunngliesianaiug uanatideseenuuuniidgaveezll
= ) < Y @ 1 Y = A Y =< 1

winaatumesnIdimunzauny mms lvasesasuassameuais 399z a1 osIvaniym

o a s o é’ I 9 Aa oA I a a 1 o 9
ﬂTi‘U’JiJG]’JﬂJE’NW’E)ﬁ!?JﬂiVI‘L!WJJWGIJHETJHJHLETH“!,EJVI‘JJ@'MU@]ﬂ’J"IiJ!‘iJu@aTﬁﬁﬂﬁNc] ﬂullﬂ

STRAW RATE — 1/a
TR0

»

N

a

L

-'-- siia ‘E
]

d' o ( Y a an AA Y o =) v
3‘]]1’] 2.1 MstaoIMsvINaveudu leneansenaunininaauuumnumseueuny

dulenaugal1d (12
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Yao wazawe [13]Idihmsanyina lnivihIdinamsn)asunlasvesgilsnihdadu
H [ ° 1 4 g o H 1
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(@ midavinavesgilindamhdauuudunn ) mssavuaveuduly

d' @ ] asy [ v A 9 d'él Y v A d'd Y w 1 [
51N 3.9 ﬂ:l’e)fnq315mi"msuumgﬁmmgaxmuﬁlﬂmugﬂ%mﬂg IRANUUUINANNNY

Y

= wa Y

3.4.2 anwiauiianianaveudule (Mechanical Properties)

handuleneduandntedarinl ANAIUNIUABLTIAY (Tensile Strength),

-4 A o . Y A o A
Lﬂﬂil%uﬁﬂﬁﬂﬂﬁﬁl (% Elongatlon): ASTM D 3822-01 ﬂ?ﬂlﬂi@ﬂﬂﬂﬁ@ﬂﬂﬁgﬂ‘ﬂ 39

ANNITMINAdol
ANweVeInguidnle (Gauge Length): 2.54 cm
mméﬂumiﬁmﬂﬁau (Pull Speed): 25 mm/min

g [ U a o
anzNaaol; ﬂ’J”I‘JJGD'umJWVIﬁ’ (RH) 65, 9¥ U (Temperature): 21 C

62



= A 1 9 = .
31]7] 3.10 FATDINATDUAIANUAIUNIULLIIAN (Tensile Tester)

= Y dq! Y a a a dd‘d | Y v L\l U

3.5 ﬂmznm‘sﬂuﬂaﬁumugﬂmu‘lﬂwem!aﬂﬂm!amﬂwﬁumﬁﬂugﬂimﬁm ANND
mmsvugihdulegliramhdauouaig  (enauway duan) Anausedludu
0.1%1a01% wid Phtalocyanine WaufUiaFanoduanAniodamnsa 3052 D aagiii 3.11 3amiu

H v Y
i heufigaingil 100 essuwadoa doszuvandou Hluna 6 1 Tuawdnhluiugidule

9

d’ a A 9 I o A . 9 IS A a a a [ 9 =
31]7] 3.1 WAEWNNUNEGUUIY Phtalocyanine: 518 saziaFineauanAnNLeTANAINT AT

H 4 1
11U (Phtalocyanine) 0.1% AruMseuudD

9 i Y Y
Tagrhimsasamanznlgdlunmsyugaaae lai
a g A 5 Y . . =
- qmﬁguﬂuwaamwamugﬂmuiﬂ (Spinning Temperature): 220 LLAZ 260 DIAUHALHET

v &’ a o =
- ammﬁ‘ﬂamuaweamaﬁf (Throughput Rate): TP 0.34 1ag 0.52 NIN/F/UMN

- a2 TuM TR (Take Up Speed): 300 1182 500 a5/
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3‘; a 4 a = .d'dl oA 1 9 a a a d‘d
NUUUATICHANAVIINTIAUNT  NUADTUUNNING m@ﬂlﬁuqﬂWﬂaLLﬂﬂﬁﬂllﬂcﬁﬂﬂﬂJ
! Y o Y ' v A . A 1
gﬂﬂwummﬁuia@mﬂu A9 WNAW (Circular) t1ay duUNN (4-Lobed) U ANNE N0 U3
v Y
ﬂuwaanﬁugmﬁjuiﬂ (Fiber Spinnability) gﬂ’iN‘Vifﬁ@ﬂ (Cross-Sectional Feature) @lUUANINNY
gﬂ (Physical Properties) aNuMUMUaABLI iAo udule (Tensile Strength) ( Wadon 3.4)
A ° a . . I
ANTAMUM I TIOULUES (Luster Property) ANNEN A NDV0IMIANT (Dye Uniformity) 1/uAY

3.5.1 Anmantiaganegdveadule (Physical Properties)

a 4 1 @ J [
AnszdzlitmihdavnveuduleTasldndesgansiminaz favuaveudu

) a 9
loay erumvuatenylude 3.4.1

3.52 AnvauriAairanaveuduly (Mechanical Properties)

handuleneduananuadanial ANNMUNIUABLTIAY (Tensile Strength)

s & A o . v A o A
L‘]Jﬁ]ﬁl"]fuﬂﬂ’]ﬁﬂﬂ@]') (% Elongatlon) : ASTM D 3822-01 ﬂ?ﬂ!ﬂﬁ@ﬁﬂﬂﬁ@ﬂﬂﬂgﬂﬂ 3.12

aNNENTNATDY

AMue1veINquIdu e (Gauge Length): 2.54 cm
anuilumsfamagon (Pull Speed): 25 mm/min

9
anMznaael: ANNFUTUNNT (RH) 65, guugil (Temperature): 21°C

>

= a A b4 b4 a a a d'd 4
3.6 ﬂﬂﬂ1waﬂlﬁ)ﬂﬂ1‘§ﬂﬂﬁ!!a$ﬂ15@'31’]9‘“!!ﬁﬂﬂl@ﬁ!ﬁ%iﬂﬂﬂa!!aﬂﬂﬂ!!ﬁ)“lfﬂ‘ﬂll“ﬁu1 f

i lemany (Dye Uniformity and Reflection)

anNEMsIAE
-Specular : Include
-Aperture: XUSAV (3 mm)

-Uv Filter: 100% UV (Filter FL40)
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ﬂﬁ 3.12 mi 299AA8 (Datacolor 650 Spectrophotometer)
M3iAMANMTUE (A1 K/S) uazA1d CIELAB (L* a* b*)

- ANV (A1 K/S)

[

v 1A A o ddy A 2’, [ 1 o A I =)
Taglumsiamd laonseddaail asgUn 3.12 szamanumasanuilauduily D65 wazll
YuWIAgN 10 8971 (10 Degree Standard Observer) LAZIADZAIDINVDUTUMBAIDEI LI

o %,l 3/.; A o [ 1 v X [ ~ I 1 A Ao Y
N1TIAYT 4 ATI N UIA NN FIAT1 K/S mmﬂummaﬂwmuam%

- CIELAB (L* a* b*)
1) MANNAIN (Lightness, L*) Y09d
? A = 1 9 % 1
mInageviliianTeumeuanuaing (L) veudumedloaralagld
1A309IAT Datacolor 650 Spectrophotometer 11UMFHIAIAITNAINIVDIAIOE AN AIDEIIIZ IR
H Y A o o v R 1 Ao Y I 1 A Ao A v A v oaa
%1 4 59 NEUaaany Faania ldvziluaunasinsiuia leeniediad (Fadnanuen
A Y 1 1Y Y A 1

ADU 400-700 W1 TUWAT) D1AT L* WA NFUMNTE I

2) A1 a* UAag b* Yead

Y [ )
mInadeuiion/Iouneun a* uag b* voudumeaiod i laslfaseaia

& Datacolor 650 Spectrophotometer 1TUAMTHIAT a* LAY b* vouFUMeAIE19AATAIDE199L A

'
=2

g Ao Y I v A Ao A (= o aA A
14 33 G]Nﬂ'l“l/l'J@Ulﬂ%$lﬂu‘ﬂ'llﬂﬁflﬂﬂ'lu?miﬂﬂlﬂi@\‘nﬂﬁ QaannNue1INaL 400-700 uﬂu

Roe

1 I~ I~ I
was) Taga a* Wuuineen Inudua a* Wuavesn Inud@er b* Wuvuineon Inudmass

P4

<3 A o A =) A = g’/
b* u,ﬂuamaﬂi‘ﬂuaumu, a* Iay b* 11muafmmmaaummwaaaﬂwuuunm
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3) MIaeNoULAL (% Reflection)
1A50992311M5IAAINT AL o ULAY (%Reflectance) VDIAIDEIUT UM IAIDI1 LA
@ [] @ ’é gl.l = VAo 9 I~ ] A Ao A Y= v A A
ATAI981992 30T 4 A9 Faanda ldazitluaundendiuiu lasnieaiad (Faananuenaau

400-700 W1 TuuAT)
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YN 4

Han1Ineao

J g 9 a a a Aa Y v o Y o A
ﬂ@‘L!"’IJ‘quij‘]JL’ﬁ‘L!18‘1/\1Bﬂllaﬂ@ﬂtlﬁlcﬁﬂﬂuﬁu'mﬂ@'lﬂﬂﬂ‘L! llﬂ‘l/]'lﬂﬁ%ﬂﬁ@ﬁﬁﬂ‘ﬂﬁﬂ']ﬂﬂ’ﬂil

<3 a a a a i a a a 4
%’aummmﬂwmﬁﬁﬂwemmﬂﬁﬂuf)cm (PLA) Lﬁf’)Wﬁ]']ﬁﬂHWi]@]ﬂﬁﬁiJﬂNﬂ')'liJ%lf)u"U@QWf)ﬁLiJﬂﬁ

~ &

A J 9 A a1 9 d‘dg! Y
wa@umam’qmmumﬁmugﬂmmu NUADTUUANI ‘ll’t’)ﬁlﬁlﬂﬂ“l/l‘llugﬂllﬂ

U

a d A a a a a
4.1 ﬂﬁ’J!ﬂiwﬁﬁﬂﬂﬂﬂ]ﬁﬂ?]ﬁl%@ﬂﬂlﬂﬂ!ﬁﬂ‘vw noauanantdwa (PLA)

[
= 1

4.1.1 HAUDIANUNHUATIQUHNNANAY (Viscosity)

Q

——-PLA_T200
10000 - -=-PLA_T205
PLA_T210
=<PLA_T220
AlOOO e ee . =<PLA_T240
N e s == T MMMMMP PLA_T260
e
:,? 100 - ‘
8 -0
S T 0—0—0-g—0—0-0-0—0—0—
S 10 -
1 T T 1
0.1 100

1 10
Shear rate (1/s)

d' = A a a a 1 @ = A a ol (%
511 4.1 msasuudasanuniiavesneaananueganoons R o NYUNHUAN DU

Y

ANUUILAAOUIAIVY PLA gndaa1ns ilasunilasigurgiaieny fio 200, 205,
a A (%

210, 220, 240 1ag 260°C NHANINAABINYINGUNNN 200-210°C MANNKLA A9317 4.1

[ 4 S { a o 1 ) 1 < [] 1 4

Aoudage Wevugil idulenguugiisinanyhld luamsoduny 14 edwaeiiios Tasmwz
v { (Z : 4 { a J 4 a 4
WRanfiihaauuuFuRn (@-lobed) tHownnnanuniangunulidinaldiiewodues

I oA Aa v 9 o qU a Y A ' o q Y ¥ A v g A
waeu"lwamummmmmc}m%uwﬂw mﬂmmmuﬂqq chNawﬂmﬁuiﬂmmmmumuw

a

! Y 1
AWIZIFI (500 m/min) [8] VauziRediiieyugihdule PLA figauvgil 220-260°C wudenunse

G
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9 < ) Y 1A ) ' =2 9 9 2 Y o o v &
WIUNY LE‘T‘L!181@981\1@]6&‘”ENI,LE‘]$LE‘T1J1€JM13J"’IJW]Q\1LL3J§]83J’JHLW]J ﬂ’)ﬂf]ﬁi1ﬂ’ﬂmi’3f;’f\1 muu“lu
= dyd o A 1 a 49! Y ~ o A a R
NITANHIUIININIG Laﬂﬂﬂf?ﬂ@iﬂﬂghﬂ?iﬂlugﬂlﬁuiﬂﬂ 220, 240 u1ag 260 C IWBIUATIETHIN
A 1 d‘ 1 Y o 9 d‘ a [
Wﬁﬂi%%ﬂ‘llﬁ]\‘]ﬂ?nlﬁuﬂﬁﬂﬂﬁlﬂaEJ‘L! LL“]J@WJ@QETJSN‘I’THW]WU@QL@'H18 IﬂEJHJE]Wﬁ]ﬁmﬁ]'Iﬂ PN

[

WHYUAINA1INUN ANunilavesnedmes vagnasumallianuuanavedatany Tag

A A

9

A a 0 a J a A o I a .
NYUNHN 220 C W@ali]@ﬁlﬁaﬂ]Wi]ﬁﬂﬁﬁiJﬂWillﬂa ﬂﬂﬂﬂﬂ!ﬂu%IﬂWQWﬁﬂﬂ (Pseudo Plastic Flow)
A A o dy A A 9 v (Y 0 VAo

Ao NOATURNDUINNIUANUHHANLLI THVaAa TUN9NaY AU 240 Lag 260°C WUNNBATING

A a4 2 ' A 9 A X 1o W A < o

RouUNMNAY (0.1-100 1/s) Manurianeudnd (luuegiusasunoudsdnymzns lva

g a a =1 R o ~ 1 [ dy I A o

puvinganssums lanuuiialadion) 9] Feanyazms lanuananuiies Wuaumg i

v 19y
Tdinamsudeunlaswesgilsnrhaadulenyugl1d
4.12 WaveInWIANeIAOAMS0U (TGA and DTA)
e NuEDosAen11N30UV0e PLA 314 4.2 WU PLA iSuidondals
{ 0 y 2 Y ' < A f ! o '

#1 310°C ;mimhminuesa1sanaeeEd1959a132 NdouaaIee 19Ty TN 370°C FIINWANIT

AXqg v a = 2 2 ] Y A A o ~

nadou UxldmunlumsAnyiliaunsoyugdidule PLA 1a Neeguigil 220-260°C Tagh

PLA 3 liiinanmsidenaaiv’ld [10]

100 ~

90 - TGA
80

70
60 -

50 DTA

40

% Weight loss

30
20 -

l
i
]
|
’
|
]
!
]
J

10 - ?
0 f - —'.’

0 100 200 300 400 500 600

511 4.2 anuadosaonnudou (TGA and DTA) voaneaLananioFafigavgian1e nu
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Al
= Y

a d d' | tg d' Y 4 = 4

4.2 wamyanszrimanlasulasglnaezvinanunnindave adulaniviinga
\l w
A3 DU
A o o 9 3 = A ' Y o

Han13AszrInlaauIveuduleszmunimsnasunilasveszilsraningda
3 1 o o { ] { 4 o
winldedsdanu Tagmmznidauuudunn (4-Lobed) A3/ 4.5-4.6 ionfSoufounumtih
o . [ A A o 1 a Y A
AAIUUNNAY (Circular) #9317 4.3-4.4 Afaawisansgliruan 13 1dTunnqaniiz wuain

Y ] ] ] [
anmzmsvugiidulonarenu daualshdwmanliidulenividauuudunn (4-lobed) han1s

] ] Y ]
nlasuntlasvesgisranihdaunigade guuginsyugiidule (Spinning Temperature) /o
aSeumeunualsoun
< i1 X A4 9 o o A Y o~ v A <

sziiuldaniunnihdaveudulensaesmhdaiiuu Ifvanauiennusilums
D) g A X g . 3 9 2 v 4 4 X , 0o q ¥
ALY 919 300 m/min 11 500 m/min TasanuEwnudulenmvvuszaanaiin 13
9 < v 1 v A 9 1 =< 9 1Y) [ [ dy Y o
Wuladudaiuazasglinamunuuvesiiaa lduinnai [28-31] Fedeandesnuaisdniigda

v =

{ VoA 3 v < 9 Lo y a2 ] A 2 A a ]
ANIUN 4.11 WU'J’W]ﬂ'J’uJLﬁ'JN'JULﬂULﬁuchJ 500 m/min N!lujiuuﬂ1ﬂ\16§§ﬂﬁ1ﬁlwnmu ﬂﬂilgﬂﬁ’]q
Y o

Y [ v A 1
niaa lnalReanuiRaANINNI

A a 1 @ = Y Y o .
WoanvsasINiuranmstlasundasvuiadusouniiag (Perimeter) uaz

4

unvthaadulonunianan (Circular)  HaznUUFURN (4-Lobed) A3 4.7-4.10 W

ﬁhe

A 2 ) A X o ) Y Y o a Y A A 4 9 o
m‘Vig?Jﬂ’]ﬁﬂluﬁﬂlﬁuileWllﬂJu (220-260 C) Lﬁuulﬂmﬁ’owm@muuuﬂuumlmﬂwuwwmm

QU

P

a

A 2 Y o A ~ A 2 ' 9 A
INNUY Iﬂﬂlﬂw'lgﬁuqﬁﬂllﬂﬂﬁl!ﬂﬂ (4-Lobed) HUNTINHVUHUVBIVHIAAD UV NUINNYUHHN

U

o = (% 9 Y o . 9 v A Y [

240-260°C TuvaizifeInuyadusaUHTaa (Perimeter) voudulonauiunr Tinanas asgll
. o < 3 U @ [ AR] { o 1 o

4.8 dunamiu ladanunsesuunthaadulenell suiluaunaiildlindudounuy
auantivihdan)asuntlasliadrersnan dagili 4.5-4.6 Feaeandesnunavesmslasunilag

a J 1 a o 1 a 4 2 a
ANUHHAYDINOAWOTHADN B FIQUUANAINAT) WOADTHADNIZITUNYANTINMT 1WA
a ~ [ [ =K A a 4 = o 9y =K a 1

nuuin Talon LazdInanIZNUABA1INAIHIVOINOAINBT Hasu I 1T IBaRATE NI

a 4 Y @ v A o a ' ' Y o v A Y
Wﬂﬁm’e’)‘iﬁﬁ’ﬂhﬂ°1JWuQGU’EN‘Vi’Jﬁﬂ@ﬂI,ﬂuU],‘]Julilﬁnﬂiﬂﬂ\igﬂiNWL!W]@GH?J“H’JQ@VI,Q [11-13]
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{ 1 o {a @ 1 @
malasunlasgliramihdaduleninaz lasgilorennndesganssmivunlduda

TP:0.34 _S:300 TP:0.52 _S:300

# :
T IS4t
sreeees
s o® 66 ."ob ~.
A r4 2T 9948

@

4 1 1 AV
X0 (U A
. Y ® .
-’OO‘Hm % e

H a a a { (% . { < ]
17 4.3 1duloneduananueanlivrhaauuuienan (Circular) NAUFIIUNY (S)

[

. ~ a v (% Y dy a 4
300 m/min NYUUYNANNU (T) (VU-a19) Hazdns1Msiouilonodues (TP) 0.34 uay

U

9

0.52 g/hole/min (H18-U731) NAAIVLY 40 111
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TP:0.34 _S:500 TP:0.52 _S: 500

T220

T240

T260

H a a a { % : { < ]
17 4.4 1 Fulowoduananueanlinridauuuienan (Circular) NAUFIIUNY (S)
. ~ an [ 1 (% Y Lg a 4
500 m/min NYUUAUANAY (T) (VU-a19) tazdasiMsdouiiionaames (TP) 0.34 uag

U

0.52 g/hole/min (F18-131) NAAIVENE 40 1911
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Pure P:0.34_5:300 TP:0.52_S300

a Y o

3 9y a a { ! { < <
517 4.5 1iduleneduananuoFaniininaauuuTunn (4-Lobed) NANWIGITIWNY (S)

v

. A an ' o Y & a ¢
300 m/min NYUUHUAWNU (T) (UU-A ) HagansINIslouiioneaues (TP) 0.34 tag

U

0.52 g/hole/min (F18-v31) NAAIVENY 40 1911
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P:0.34 S:500 TP:0.52 S500

T220

240

H a a a { Y o i { S 2 8
sifi 4.6 siduleneduananiedaninilidauuudunn (4-Lobed) NANMWITIIUNY (S)

. A an @ 1 @ Y dy a 4
500 m/min NYUUHUANNY (T) (VU-819) HazdnI 1M Itlouriionoawas (TP) 0.34 uag

U

@ 1

0.52 g/hole/min (§18-131) NAAIVEY 40 191
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=~ Y o o

= Y Y o c&’ 9 a a A Aa Y 1 o
mmJaﬂuuﬂawummuiaum!mmmz‘wmnwummau“la‘waauaﬂmﬂuacﬂﬂmwmmmqﬂu

Perimeter (micron)

1500

[EnY
N
o
o

900 -

600

300

Circular
T220
HT240
I W T260
$:300 5:500 $:300 5:500
TP:0.34 | TP:0.52

‘lJﬁ 4.7 f‘ﬂilﬂﬁﬂu!kﬂﬁﬁﬂluWﬂLﬁuﬁﬂUHUWWQ (Perimeter) ‘UENLﬁuclﬂWﬂallﬁﬂﬂﬂllﬂ“ﬁﬂﬁuwm

WU 2na (Cireular) finEsT1AY (S) 300 1az 500 m/min Agamgimadiu (T)

U

220, 240 1Az 260°C HALEAIINITOUTIONBAWBS (TP) 0.34 112 0.52 g/hole/min

Perimeter (micron)

1500

1200

900

600

300

4-lobed

T220
mT240
W T260

S:300 ‘ S:500

TP:0.34 TP:52

ﬂﬁ 4.8 mquafJumJawmmﬁuiauwmm (Perimeter) 611mmu‘la‘waauaﬂ@ﬂuacﬁﬂwmm

HUUFIRA (@-Lobed) innui31auify (S) 300 192500 mymin figaimgiaadu (T)

o & &' a .
220, 240 1ag 260 C uazamwmﬁjaumawaama%’(TP) 0.34 11a¢ 0.52 g/hole/min
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90000 - Circular

T220

mT240

g 60000 - I mT260

o

L

© I

o 30000 -

<

I
0
S:300 S:500
TP:0.34 TP:0.52

v v Y
51U 4.9 msnasumlasvinaiuiniiae (Area) voudulonoduananuoFanidauuy
. = g 9 .4 Al o
23nau (Circular) NANUFTINIUAY (S) 300 1AZ 500 m/min NYUHYNANAY (T) 220,

240 1182 260°C  LazdnIINIYouiioneame3 (TP) 0.34 11ag 0.52 g/hole/min

90000 - 4-lobed
T220
m 7240
60000 -

W 7260

30000

Area(Squm)

TP:0.34 ‘ TP:52

(] ] &’ ! o A a a (
51 410 msudsuntlasvinaiuivide (Arca) vouduloweduananuedanthdauny
H ! < < { al 2
Ann (4-Lobed) 1A15237910Y (S) 300 1A 500 m/min Ngangia1any (T) 220,

o g g a .
240 1ag 260 C ua:am”lms‘i’jamuawaamﬁ (TP) 0.34 118 0.52 g/hole/min
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v
=S

Al | \J Y v Y a a a Y v
4.3 m‘]J\‘l‘]ig‘lJﬁN‘Vi‘Mﬂﬂ (Compactness Factor)ﬂlﬂﬂ!ﬁﬂﬂﬂ@ﬁ!!aﬂﬂﬂ!!if)“liﬂ?iuMﬂ

, 4 4 2 e
H#UVIINAN (Circular) uazaunn (4-Lobed) ﬂﬁﬂ13$ﬂ1i°lﬂ!§‘l]ﬂ1\‘l"| 1) %]

perimeter (4.1)

compactness =
4ra

Y
1 1 )

a A AR ~ A ' v 9 A ' v A A
HYU ﬂ@ﬂ’lﬂﬂﬂfﬂ\?ﬂ?’luﬁEJ'UWﬁﬂsllgslljg"ll'ﬂﬂgﬂ5131@8ﬁ1ﬁ5u&ﬁu18mu§ﬂ5']\1ﬂallﬂ’lufllgllﬂ'l

9 Y ¥
=<

o 1A 1 A~ A Al Aa
AFA LAZATUITUMUINVUNBNANNUUTVISUDIVBUNIDNNUNAINN

v
=

q‘ v 1 Y o v A
13190 4.1 ﬂ’lﬂ\?%qﬁjﬂi’lﬁﬂ“’]@ﬂﬂ]@ﬁﬂjﬂﬂ

Spinneret orifice Circular 4-Lobed

Compactness factor 1.12 12.36

6 Circular_T220
Ml Circular_T240
> " mCircular_T260
4 4-Lobed_T220
M 4-Lobed_T240
3 |M4-Lobed_T260
2

Compactness factor

TP:0.34 TP:52

d' ' T dy 1 Y o 9 a a a d'
sUn 4.1 A119%31/319%11169 (Compactness Factor) vouauleneauananosangn1ig

U

dgg 1 Q/
M3vugUa AU

Y
=S

pavInmsmuInaFgUsenhaadule asgUi 4.1 Fadraunngasas

[

~ v 1 v dy 4 Y o 9 Y o . A Y A
qauni1sn 1 Wmmmwg1J3Nwumﬂﬁummuiwummmmmam (Circular) mﬂmmamu

v A (2 @

. . 4 o 4 2 & 32 gy o4
¥IRA (Spinneret Orifice) N 1.12 ANAITNN 4.1 N9 tmnxmiﬁuugﬂ%mwmwumw SN

= 9 J

1 A [ = A 9 A (Z A 1 ] dy J A
gﬂiN’Nﬂﬁm‘ﬁM@uﬂU'ﬁ’mﬂ Mmmgmauﬂlwuﬁmﬁmmummﬂ (4-Lobed) ﬂTU\i“]Sqi,‘]JiNﬂllﬂ

-
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Y
wooniiidadule (12.36) Aoudawn uazlunauazaniiznmsyugdiawanaianulal

[ Y o oA a A dal 0 =3 o 1 ] dy 1 = Y
(1-4.7) Iﬂﬂﬁﬂlﬂﬁhlﬂ‘lfﬂlﬁ]u')'l NYURYUNNUVUDIN 220 C IUDI 260 C ﬂmwgﬂinmm’ﬂuum

U
4

1 9 A [ Y 1 1 =Y ~ Y [ ~
aAABUUNNINIWNBLININY 1 HunNIeANuNFUInldnyasFoutazadignay aega
1 A 1 9 (=1 1 a 1 g’/ d‘l 1 9 o 9 d'
4.5-4.6 nanaesosvudulome’ll luiswngauuglimiundwwaaonihdadulouuudunn
o 1T o ¥ a P 1 4 o 1 [
(4-Lobed) §4mU18931015loutilonedwesh 0.52 g/hole/min - WaLs¥Mdan lnafeany
v A 1

A . A = [ < 9 < o ¥ = o 1 1 tiy
HIRNANINNIN 0.34 g/hole/min UJ/E)U_I%fJUWlfJUﬂCUﬂ'J']Nﬁ'nJ'JuLﬂU AIUUINTINITOUINTIUIY

Y v
suUsrnIFlumsdaguladenanzmsiugiimunzaunudulonuuiiniida’ld [28-30]
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Effects of Melt Spinning Conditions on
Cross-sectional Features of Poly(lactic acid) Fibers
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Abstract— Melt spinning of Poly(lactic acid) was conducted, using two spinneret profiles- circular and 4-lobed shapes, to
investigate effects of spinning conditions on cross-sectional features of the obtained PLA fibers. The studied spinning
parameters included throughput rates, spinning temperatures, and take up speeds. Results showed that, with varying spinning
conditions, PLA fibers spun from circular orifice could remain their circular shapes whereas those spun from 4-lobed orifice

exhibited variation in cross-sectional shapes.

Such shape variation was found increased with increasing

spinning

temperature and throughput rate, but with decreasing take up speed. This offered possibility to design fibers with desired
cross-sectional shapes for different applications, through the same spinneret orifice, simply by manupilating fiber spinning

conditions.

Keywords— Poly(lactic acid) fibers, Fiber melt spinning, Cross-sectional fibers, Die swell, Surface tension

1. INTRODUCTION

Poly(lactic acid) or PLA has been widely used in
biodegradable plastic applications due to its naturally-
derived lactic acid monomer [1-3]. In textiles, an
introduction of poly (lactic acid) as a commercial polymer
offers textile manufacturers with interesting properties
that should prove valuable in a wide range of applications.

Cross-sectional feature of fibers is known to closely
relate to properties including surface area, hand, and
luster. For example, the commercial deep-grooved fibers
(4DG), having capillary channeled surface, showed
excellent moisture transport. Recently, the fibers were
also used to fabricate tissue engineering scaffolds with the
potential for cell growth and guide tissue formation [4-6].

Despite their great potential on properties and
applications, shaped fibers were difficult to prepare. In
their melt spinning, it is difficult to maintain fiber cross-
sectional shape the same as its original hole orifice due to
the effects of Newtonian fluid on die swell and surface
tension [7-8]. There were reports on studying melt flow
through star-shaped spinneret hole, using
hydromechanical simulation software (CED) [9-10]. It
was found that fluid shear strain rate of melt through star-
shaped spinneret hole was non-uniform. The largest shear
strain rate occurred at the center of shaped hole, causing
ereater shape deformation than that at the extended arms.
Therefore the spinneret hole should be re-designed to
obtain balance shear rate that helped reducing the gap
between polymer melt and spinneret hole, and thus
reducing the shape changing.

In this study, PLA fibers were spun through circular
and 4-Lobed orifice profiles, under varied spinning
temperatures, throughput rates, and take up speeds in

This work was supported by National Metal and Materials Technology
Center. (MTEC), Mational Science and Technology Deve lopment
Agency, Thailand.
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order to investigate spinning behaviors as well as roles of
these influencing parameters on cross-sectional features of
PLA fibers.

2. PROCEDURE

2.1 Materials

Polylactic acid resins (PLA 3052D) (MFI = 14 g/10 min,
densityl.24 g/cm’) obtained from NatureWorks®LLC
were used as received.

2.2 Method

To prepare PLA fibers with two different cross-sectional
shapes (circular and 4-Lobed), PLA resins were melt spun
through 10-hole spinnerets, using laboratory fiber
spinning machine (Fig. 1). Profiles of the two spinneret
orifices employed were shown in Figure 2. Different
spinning conditions: spinning temperatures (220, 240 and
260°C), throughput rates (0.34, 0.52 g/hole/min), and take
up speeds (300 and 500 m/min.) were used (Table 1).

2.3 Characterizations

Characteristics of the obtained circular and 4-lobed PLA
fibers such as cross-sectional features, perimeter, area,
compactness were investigated, using optical microscope
and Imagel software. Thermogravimetric Analyzer
(TGA/SDTAS851e) was used to determine  thermal
stability of PLA resins. The samples were heated at a rate
of 5 °C per minute from 50°C to 800 °C. The chamber
was continuously swept with nitrogen at a rate of 50
mlmin. The corresponding weight change was noted.
Melt viscosity of PLA resins was measured at varied
temperatures (220, 240, and 260 °C), using rotational
rheometer (ARE, Rheometric Scientific).

Back to Con’
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Fig. 1 Fiber melt spinning system: Extruder (1), 1%
roller unit (2), heated bar (3), 2™ roller unit (4), and
winding unit (5)

4-Lobed

Circular

Fig. 2 Profiles of circular and 4-Lobed spinneret orifice
under OM (Magnification =4X).

Table 1. PLA fiber spinning conditions

Parameter Condition

Polymer
Nozzle hole shape
Spinning Temperature (°C)
Throughput rate (g/hole/min):
TP

PLA (MFI: 14 g/min)
Circular, 4-Lobed
220, 240, 260 *C

0.34, 0.52

Take up speed (m/min): S 300, 500

3. Result and Discussion

3.1 Characterizations of PLA resins

Thermal stability of PLA resins was determined, using
TGA, and result was shown in Fig. 3. PLA started to
degrade at 310°C, where its weight began to drop rapidly,
and depradation was completed at 370°C. This confirmed
that spinning temperature at range 220-260°C employed
in this study could be conducted without severe
degradation of polymer.

100

50 150 150 50 450 550
Temperature [“C)

Fig. 3 Thermal stability of PLA at different temperatures.

750

Polymer melt viscosities of PLA resins were measured
at temperature 220, 240, and 260°C, and results were
shown in Figure 4. The viscosity of PLA measured at
220°C was the highest, followed by those measured at 240
and 260°C. At 220 *C, polymer viscosity changed with
shear rate, and dropped rapidly at very high shear rate
(100¥s). On the other hand, at 240°C and 260°C the
polymer melt viscosities were observed less dependent on
shear rate than that of 220°C. The polymer melt
exhibited newtonian behavior at extreme shear rates (100
/s) where the viscosity is approximately constant [12-13].
This showed that, under different spinning temperatures,
the polymer melt exhibited different fluid behavior, which
could be related to variation in cross-sectional shapes in
the obtained PLA fibers.

1000
——FLA_T220C
- —— FLA_T240C
3 w0 —— = PLA_T260C
=
2
‘B — \
8 —4
2 1
>
1
0.1 1 10 100

Shear rate (1/s)

Fig. 4 Change in viscosities of PLA with shear rate at
different temperature.

3.2 Cross-sectional features

Cross-sectional features of PLA fibers obtained from
different spinning conditions were shown in Figs. 5-6 and
7-8 for circular and 4-Lobed shaped fibers, respectively.
PLA fibers spun from circular orifice could remain their
circular shapes at all spinning conditions, whereas those
spun from 4-lobed orifice exhibited variation in cross-
sectional shapes and seemed to loss their grooved feature.
In circular orifice, shear strain acting on polymer melt was
more uniformly distributed, compared to that in the
complex 4-Lobed orifice. As shown in Figs. 7 and 8, the
features of 4-Lobed fibers changed with spinning
parameters.

The final fiber profile was suspected to be related to
surface tension of polymer melt. The adhesive forces
between polymer melt and the walls of orifice center
tended to decrease with increasing temperature. This
affected shape forming of 4-Lobed fibers that low
cohesive forces lead to transfiguration of cross-sectional
feature so as the fibers showed variation shapes[16] .
Yao et al. [7] reported numerical simulation on trilobal
cross-sectional shape. Newtonian die swell and surface
tension were considered to be the main causes for shape
change such that surface tension made the shape became
almost circular, in stead of trilobal shape, and die swell
effect tended to enlarge the curvature in the center section.

In our study, it was noted that fibers exhibited shape
transition from 4-Lobe to tetragonal shape when take up
speed was decreased from 500 to 300 m/min., especially
at spinning temperature 240°C and throughput rate 0.34
g'hole/min (Figs. 7-8). At lower take up speed, polymer

Back to Contel
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melt were slightly stretched and had moretime to relax,
thus exhibiting die swell.

TP:0.52_$:300

Fig. 7 OM micrographs of 4-lobed PLA fibers at various
) . temperatures (top-down) and throughput rates (left-right)

B _aee oA 0.34 and 0.52 g/hole/min (TP0.34, TP0.52) at take up
Fig. 5 OM micrographs of circular PLA fibers at various speed 300 m/min (S:300) (magnification= 40x)
temperatures (top-down) and throughput rates (left-right)
0.34 and 0.52 g/hole/min (TP0.34, TP0.52) at take up
speed 300 m/min (S:300) (magnification= 40x)

TP:0.34_S: 500 P: 052 _S: 500

TP:0.34 _S:500 TP:0.52 _S:500

Fig. 8 OM micrographs of 4-lobed PLA fibers at various
temperature (top-down) and throughput rates (left-right)
0.34 and 0.52 g/hole/min (TP0.34, TP0.52) at take up
Fig. 6 OM micrographs of circular PLA fibers at various speed 500 m/min (S:500) (magnification= 40x)
temperatures (top-down) and throughput rates (left-right)

0.34 and 0.52 g/hole/min (TP0.34, TP0.52) at take up

speed 500 m/min (S:500) (magnification= 40x)
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3.2.1 Effect of spinning temperatures 30000
At lower spinning temperature (220°C), fiber WT220
spinnability of the 4-Lobed fibers was poor. Better ET240
spinnability was obtained when higher spinning - gooon 1260
temperature was increased to 240°C. However, at higher E
temperture 260°C, fibers breakage occurred from time to Z
time. Such fiber breakage was suspected to be related to E
rapid decrease in polymer melt viscosity at 260°C even at < oo
lower shear rate (Fig. 4). However, the fibers could be
collected, especially at higher take up speed (S00m/min). Fig. 1
To compare between circular and 4-Lobed fibers, their "
perimeter and areas were determined (Figs. 9-10 and 11-
12). From results, Circular fibers area and perimeter Teoaa Te0.54
tended to increase with increasing spinning temperatures. ) .
On the other hand, area of 4 Lobe tended to increase with Ell:f:-ainlel d gﬂ:nss di??:rté‘::tlzl i’:?l u;:j&‘:;d{_[i ]'n'_'?‘ :;bn?;:
increasing spinning temperatures, whereas their perimeter 290, 240. 260 °C Thpi h g TP 3pe 0.52
showed no clear trend (Figs. 11 and 12). It was noticed : o roughput rates, 10.34, -
that the groove of 4-Lobed fibers tended to disappear g hole{rgnn ) and Take up speeds S:300, S00m/min)
when spun at higher temperature. (magnification= 40x)
1500
Sao0n Circular 4-Lobed
o e ET220
e ET240
E . W T260
3
g 500
g 300

TPD.34 TRA.54

Fig. 11 Cross sectional perimeter of 4-Lobed PLA fibers

Fig. 9 Cross sectional area of circular PLA fibers obtained obtained from different spinning conditions (Temperature

from different spinning conditions (Temperature 220, 240, 220, 240, 260 °C Throughput rates, TP:0.34, 0.52

260 *C Throughput rates, TP:0.34, 0.52 g/hole/min and g/hole/min and Take up speeds S:300, 500m/min)

Take up speeds 5:300, 500m/min) (magnification= 40x) (magnification= 40x)

10 3.2.2 Effect of throughput rates

Circular As shown in Figs 9-12, both circular and 4-Lobed

1200 mT220 fibers obtained at high throughput 0.52 g/min/hole tended

WT240 to have greater perimeter and area than those obtained

BT260 from lower throughput 0.34 g/min/hole, for all take up
speeds. Teke et al [14] reported influence of volumetric
flow rates and take up velocities on surface tension of
polyester melt. They found that such spinning conditions
caused rapid acceleration and rapid attenuation for
solidification of fiber near the orifice spinneret, resulting
in different diameter profile of the obtained fibers. In our
study, we found that throughput rate was related to take
up speed in fibers of 4-Lobed profile. Figures 7 and 8
compared different fiber profiles in relation to throughput

Perimeter (micron)

TP:034 TR: 05 rates and take up speeds at various temperatures. It was
noticed that at low throughput rate (0.34g/hole/min) and
Fig. 10 Cross sectional perimeter of circular PLA fibers high take up speed (500m/min), most fibers tended to
obtained from different spinning conditions (Temperature remain their grooves, which were preferable for fiber
220, 240, 260 °C Throughput rates, TP:0.34, 0.52 spinning.
g/hole/min and Take up speeds S:300, 500m/min)
(magnification= 40x)
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3.2.3 Effect of take up speeds

Two take up speeds, 300 and 500 m/min, were used to
study effect of take up speed on cross-sectional feature of
PLA fibers. From results, both circular and 4-lobed fibers
showed decrease in perimeter and area with increasing
take up speed, for all throughput rates (Figs 9-12).

Zhou et al. [10] employed 3D simulation to adjust the
value of surface tension coefficient until the predicted
shape of as-spun polyester fiber was close to the actual
observation. The depth of fiber grooves were chosen as
primary standard, and the overall similarity in cross-
section as secondary standard for comparison. . Surface
tension as a function of temperature and draw ratio were
found to be a major factor to determine change of fiber
cross-section. Temperature difference between outer
surface and center of nozzle hole affected solidification
of fibers. Fiber cross-section tended to have circular
shape under high temperature and low draw ratio. On the
other hand, the groove of polyester fiber could be
maintained when increasing draw ratio although they
were spun at high temperature. This result corresponded
to our observation in 4-Lobed fiber As shown in Figs. 7
and 8,fibers obtained at higher take up speed had sharp
erooved profile, compared to those obtained at lower take
up speed. This suggested that the 4-lobed PLA fibers
preferably be spun at high take up speed.

3.3 Compactness of shaped fibers

Compactness is defined as feature extraction from
shape [13]. It represents smoothness or roughness of the
shape. Circular shape is considered most compact, and is
given the lowest value. For rough or more edge shape,
the value is higher. Value of compactness can be
calculated from perimeter and area as shown in equation
(1). In this study, the compactness value of the shape of
spinneret orifice was determined to compare with those
of actual spun shape fibers.. As shown in Table 2, the
compactness value of circular spinneret shape was equal
to 1.13 and that of 4-Lobed shape was 12.43.

i z
COMpaciness = TR m
4ma

Table 2 Compactness value of circular and 4-Lobed
spinneret orifice shapes (OM= 40x)

Orifice profile configuration

Measurement ¢y ctar 4-Lobed
Compactness 1.13 1243
Perimeter(pm) 1666 T086
Area (Squm) 195847 321418

1

o
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W TP:0.34 5:300
W TP:0.52 5:300
ETP:0.34 5:500

ETP:0.52 5:500

Circulee TENS  Ceeuler TR Crosle 1356 disked 0 d-isked T340

dinbed THSD

Figure. 13 Compactness values of circular and 4-Lobed
PLA fibers obtained from different spinning conditions
(Temperatures 220, 240, 260 °=C, Throughput
rates;TP:0.34, 0.52 g/hole/min and Take up speeds
5:300,500m/min)

Compactness values of the two profiled fibers:
Circular and 4-Lobed, obtained from different spinning
conditions were shown in Fig. 13. For circular fibers,
compactness values were approximately 1.13 for all
spinning conditions. Notice that shape areas were very
similar among these circular shapes. For 4-lobed fibers,
higher compactness values were observed with variations
for difference spinning conditions. Fibers obtained at low
temperature (220°C), low throughput rate (0.34g/hole
min) and high take up speed (500m/min) showed highest
compactness value (approximately 2.75). This indicated
that their features were rougher than those of circular
fibers and they were most similar to their original 4-lobed
orifice. However, fiber breakage tended to occur at this
spinning condition. Higher spinning temperature could be
used to obtain better spinnability but it should not exceed
240°C, beyond which compactness started to decrease, i.e.
less grooved feature. This may be due to newtonian fluid
behavior at high temperature that caused loss in surface
tension [7-10]. At this point, it seemed that spinning
temperature was the most significant parameter which
affected compactness, or cross-sectional features of 4—
Lobed PLA fibers, compared to take up speed and
throughput rate.

4. CONCLUSION

Circular and 4-Lobed shaped PLA fibers were
prepared via melt spinning to investigate effects of
spinning parameters on cross-sectional features of the
obtained fibers. From results, it was found that spinning
temperature was a major parameter that determined
cross-sectional shapes of fibers, compared to take up
speed and throughput rate. With increasing spinning
temperature, the groove features of 4-Lobed fibers tended
to loss or disappear. This was suspected to be related to
loss in surface tension of polymer melt at high spinning
temperature. In circular shaped fibers, such effect was
found less that circular shape could still be maintained.,
In this study, the compactness value was used to indicate
deviation of fiber shape from its original spinneret.
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abstract

This research aimed to study the effects of spinning conditions on fiber luster and dyeing properties of
PLA fibers. PLA fibers were prepared by melt spinning process with two spinneret hole profiles- circular,
and 4-lobed shapes. The studied spinning parameters included spinning temperatures, throughput rates,
and fiber take up speeds. From results, circular PLA fibers could remain circular shapes resembling its
original spinneret whereas 4-lobed PLA fibers exhibited vanations in cross-sectional shapes with spinning
conditions. The calculated shape factors indicated that spinning temperature was a major factor that
determined PLA fiber shape. At spinning temperature: 22[}00, throughput rate: 0.52 g/hole/min and take
up speed: 500m/min, the 4-lobed PLA fibers with cross-sectional shape similar to that of onginal
4-lobed orifice could be obtained. This spinning condition was therefore preferable to produce 4-lobed
PLA fibers with good luster, which could give appearance feature in textile application.

Keywords: Poly(lactic acid) fibers, Fiber melt spinning, Cross-sectional fiber
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2.1 14 (Materials)
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3.3.2 HATRsANULRTBSEBAINEU (TGA)
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