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Abstract

Seines or fishing nets are commonly made from polypropylene (PP) and nylon 6. These
polymers are non-degradable materials. Their wastes are the cause of sea pollution and create
microplastic problems. This research aimed to study the applications of environmentally friendly
materials to replace conventional polymers. The polymer blends of polyoxymethylene (POM) and
poly(lactic acid) (PLA), a biodegradable polymer, exhibited excellent toughness properties and was
suitable for fiber processing. The multifilament process of POM/PLA blends for the seine
applications was studied.

It was found that the POM/PLA blends with weight ratios of 70/30 showed proper
properties for the fiber applications, but a lubricant substance was needed for multifilament
processing. Two lubricants, polyethylene glycol (PEG) and ethylene bis stearamide (EBS), were
added to the POM/PLA blends with the content of 0.5, 1.0 and 1.5 phr processed through a single
screw extruder at 180-210°C. The multifilament was first hot drawn at a spinning speed of 5 m/min
and second hot drawn at a spinning speed of 20, 25, and 30 m/min. The fiber products were subject
to thermal, physical and mechanical property analysis. The biodegradability of POM/PLA
multifilament in seawater was evaluated and compared with imitated seawater (salt water) and
distilled water.

The multifilament property analysis revealed that the lubricant decreased the melt flow
index of polymer blends, but did not affect the crystalline melt temperature of the fibers. The
lubricant content 1 and 1.5 phr assisted the drawing behavior of the fibers and leveled up the
mechanical properties due to the better orientation of the polymer molecules. The biodegradability
test in seawater was calculated from loss weight and morphology of the fibers. Biodegradability was
found to be highest in seawater followed by the imitated seawater and the distilled water. It was
found that the Iubricant did not affect the biodegradability of the multifilament.

Keywords: multifilament, polyoxymethylene, poly(lactic acid), lubricant, degradability
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2.2 NOAVINHNNAY (Polyoxymethylene, POM) [19-20]
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M99 2.1 auiiaued POM Nnaaiiemsal [21]

Property Value
Density (g/cms) 1.41
Molecular weight of repeat unit 30.03 g/mol
Glass transition temperature -30°C
Melting temperature 183°C
Tensile Strength (MPa) 73
Flexural Modulus (GPa) 2.58
Elongation at Break (%) 65
Water Absorption (%) 0.22
Oxygen Index (%) 15
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2.11.5 G. Schmack tazaae [37] 1831101578115 0T8N PLA 11U 2 ATZUIUAD
y < <
ﬂ’iziJ’Jumiﬂuﬂﬂllﬁ’JQ’Q (High Speed Spinning Process) ARG 1,000-5,000 rpm wazlu
Y o= X . . A o ' = . =
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1 o w {1 . < a 4
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a J ES ] @ < I a J
ANDINTY PP/POM UU LLﬁﬂ\?ﬂTillﬂﬂW‘lﬁﬂﬂWﬂ%ﬂﬁ]u mu!.ﬂumgmﬂmﬂﬂammzma“lmmwmm
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A o 4 A < = A dﬂg = o
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2.11.11 K. Sungsanit tagAE [43] TIMSANEIMTANEISINNENINNAI@ANTHA PEG

a "o q ¥ a A Y Y ' 3 Yo A A
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o 1 9 A o ' A a 9 = 9 2 =

PEG dadenaldwedweianarunivanuaimisalunmsinalassaitawan ladiwyunaz i
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UNN 3

as [ a a v
ABNMIIAUHHUITUIVEY

ﬁﬂﬁm?auﬂﬁsﬁugﬂgﬁ'uiﬂmmwa&mﬁwﬁmiaaﬁawmq%’;m‘wazwiwqwaaaaﬂ%m
nau (Polyoxymethylene, POM) 1a2 WoaLaAAnLdFA (Polylactic acid, PLA) ﬁgﬁu a13tleedu
IlihadadidSinumen Sunnmaaiouiageunsaluaziasesiionss #lFlunsnaden
mamsoudulowedweinausyninawedoenduiauiuneauananueFataziinMInaaoy

a1 =) gJJ v 1 dy
auianan Jvuneudaae liil

o IS a U
3.1 UAUMTAUHUIIUIRY
= Y v 9 Av A A P}
3.1.1 AnmauaideyatazuItenngve
3.1.2 MAUNUNTANHUNY
(% = 1% a dl =
3.1.3 TamioningAuiazinIele lun1snaaey
L%I Y a 4 a = Aam a a a 9 X
3.1.4 yugihidulonedwoinaunoasonHunauaznoalanaAnLoFAAI8NITUIUMIITU
Y A 9 A = ~ .
wWulouuyuvasuivian mhmsmammmuaﬂgmm (Single Screw Extruder, ThermoHaake
Y Y
Polydrive) Tumsaiugy aail
1) 905 1aIUVANDAINDIHANTTHININDAPINFWNA LA WOAUAAANUDFAN
4
70/30 Soeaz Iagrimin
a SAq U =4 a 14 Y 1
2) 1nsaveanedweinlFlumseseunedmesnay laun
a = an =
2.1 NOARRAFNNAY AD V20-HE
2.2 NoALANANIDTA AB TP4000
Y] a o a a
2.3 msileanu lihadad Ae wedesau'lnansa (PEG) (MW = 20,000) tiazie
an a = 4
nFau-ta-anes1uea (EBS)
[ a P
2.4 uaastlesnuliihadednfnu Ao 0.5, 1 uag 1.5 phr
4 v
3) Augdulenuuvaedu (Multifilament) ATa1enuDRIRAd WY (Spinneret)

[ (9 (X ] o
NUIU 24 § wﬁ’mmmamu ﬂluWﬂLﬁqu1uﬂuUﬂaN 0.32 mm

2 A o =
4) fmns:114misuugﬂmmmimemmmuaﬂgmfn



adq Y 2
4.1 gqunginlglunisvugal 180°C, 190°C, 200°C (Zone Extruder), 210°C 110
210°C (Die)
<
4.2 ANNIGITOVVDIANT 8 rpm
< 4 <3 1
5) ANUG250UVRUAT BN ULE U Y (Winder) JALA 500 m/min
3.1.5 nageuauiiananuTou auianiemenn tazauiiananaveuduleneauos
Y
NENNDADDNHIUNAULASNOALANANLDFA AT
1) AVVANIINIININ (Physical Properties) Taun
(1) nagoumM3 lMaveanedmes AuMIATFIU ASTM D1238
a [ [ Aa =~ [
) AATEHanyurdugIuINg A10n03099aNTTAUDIANATOULULEBINTIA
(Scanning Electron Microscopy, SEM)
(3) MINAFOUANNHULUY (Density Testing) AMUIATIIU ASTM D792
v 9 . Y A a = a
2) guUANINAIINIOU (Thermal Properties) A28 09aN 0I5 WTEa A UAULILAGD
Sino3 (Differential Scanning Calorimeter, DSC)
3) auABana (Mechanical Properties) hakn auiAANUATUNIUADLTIAY (Tensile
Strength) MUVINTIIU ASTM D3822 01
4) nagevauiAnNITdsaa1e (Degradability) vouduloweawesnay POM/PLA
1 9 9 ' > o o ~ H
yuzihdulonvuvargdu (Multfilament) Iagn1susluiinau dinziamey uaziineia
ad \ //
FITUHIANIANN 9 AU [17]
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3.2.1 IgAuLazaIsIAL

a o

UADIY

a

1) woauananudda (Polylactic acid, PLA) 1n5A TP4000 U84U5HN Unitika 9109

Uszmaiju
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2) WOAPONTINNAY (Polyoxymethylene, POM) 1AFA V20-HE ¥84U3EM Ine
Tndecdiia 91na Uszinealne

3) weatefau lnanea (Polyethylene glycol, PEG) (Mw ~ 20,000 Da) ¥84U3HN
Sanyo Chemical Industries Company Ltd. sz ﬁﬁjﬂu

a a 4 Aa o
4) woaleNsau-Ua-d1Aa51u18a (Ethylene bis stearamide, EBS) U84U5H% Tarak

Chemicals 3100 15zmadu

Aq 9

A A
3.2.2 ns0aionly
1) geunvvaniouveuitn laueouaila s Tusu $1na Ju FD115
4 Y ES 1 =
2) IATOAFNNMTANATIEN 2 F1UNUA (Analytical Balane Overting) Y9913 1% 913
Tnisea (Uszmealne) 100 3u BSA32028
4 Y ES 1 =
3) AT HITANANEY 4 §1HU (Analytical Balanc Overting) Y849U3HN
ToidrdouTa'lanih $1@ ju Adventurer AR2140
A o 4 _ 4w .
4) 1NTOIDATALVVANFIAYD (Single Screw Extruder) 8110 ThermoHaake Polydrive
1 = o v A Y . ° Y o
U 557-8300 Uszmengosutinaziineuuniinaduly (Spinneret) 119U 24 § HHIFAINAY

o Y ' J
AU mummumuﬁuﬂﬂmﬂ 0.32 mm

4 4 oo 4 ,
31]1’] 3.1 1A3D3I0ATALUVANILAYD (Single Screw Extruder)
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4 < a o 1
5) insoulunuduly (Winder) Y99UTHN Leesona 404 Burlington §1 2391

Model 967 Order B18513 Uszinaanigomian

3.2 nselwdudule (Winder)

=).

7

4 4 A o ]
6) 1AIDINTDAY ( Fiber Fineness) 8199 37Y84UTHEN OM Original Motor 34 QP9

73240 118 Counter Y99U3HN Omron §1 H7BS-B szmerqiju

57 3.3 n3eensod1
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3.2.3 in3eslenlglumsnageuaniinueaneaes

A vAa 9 Y a A 4 = a
1) sednagouadulANnIIAINIaualomailaailes s wFsaaunuilg

UAAA0IIUNG (Differential Scanning Calorimetry, DSC) @ Perkin Elmer g'u DSC 800 Uszing
1o TN

2) NAB49ANITIANDIANATOUUUUABINTIA (Scanning Electronic Microscopy; SEM)
1o Jeol JU JSM-S410LV Uszina)tju

3) 1A5091AAYHN1T IMaveINaIdAn (Melt Flow Index) ATMN1AT1U ASTM
D 1238-98 §1 XRL-400 ¥04U3H% C.B.N. Material Test CO.,LTD. U5zinet Ing
4) 1T0ANAABUANTAANUAIUNIUADILTIAG (Tensile Strength) A1UUIATF1U

ASTM D 3822 01 80 Instron U 5569 UsZinAaH3goII3N
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fianaafdn POM, PLA
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UNYUHANY 80 C 1121 12 2 114

MIATEUNTY POM / P

LA NOAT18IU 70/30 wt%

N

astfeanulnlihadad : 1) PEG 0.5, 1, 1.5 phr

y

2)EBS 0.5, 1, 1.5 phr

2 P A 7 v ¥ Y
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33.1 GISEUNDANDI NANTLHIN WO R0 NTIUNAULAZ WO ALAAANLB TGN A 1T ToInU
a J
Tihadagd
o < a a a a Aa [
U ULANDADBNFUNAY (NTA V20-HE LAWaALanANLOFa A3 TP4000 W11 'la
F
A a

anwduigamgil 80 °C lunai 8 ¥21ua iimskay POM tay PLA fisasidau 70/30 Yovay lag

U
U

U

Y N H [
miin AN PEG taz EBS NUS11a1 0.5, 11182 1.5 phr MU 1Ay A101A3 09093 ALLUAN]
dy Y a 14 1 a = ad a a A A a
332 nsvugiidnlenedmesnaussrinanedoonmunautaz woauananueFAMANA1S
[ a o y
foaru lihadaddrenszurumsdudulouuuvasumad
o a 4 9 1% A da! < Y Y
MWOAINBTHANIINTD 3.3.1 49015199 32 myugihitlwdulonvuvarordu
(Multifilament) TagldnszurunstudulonunvasumaifdioniowasadngiAea (Single
v Y v
screw extruder) LAAIEAN1IZAIN1T19N 3.3 uagnszurumsvugidulesienszurumstunuy

U d'
nasuIval Aagi 3.5

Y (% 1 a 4 ' a a a a a { a
ﬂ"lﬁ]x‘iﬁ 3.2 G]’J’GEJN‘WE]aLll@iW’G'TllﬁgWDWQW@ﬁ@@ﬂ%LMWEHLLﬁ%‘W@ﬁlmﬂﬁﬂu@%ﬂ‘ﬁmuﬁ1i

oaruTrvhadad
Lo o, astosiulvihadiag 4L
RGIANT WoAOI WAL (POM/PLA) M3iTenFoAI061
PEG EBS
1 70/30 - - S
2 70/30 0.5 5 SPEGO0.5
3 70/30 1 - SPEG1
4 70/30 1.5 - SPEGL1.5
5 70/30 < 0.5 SEBSO0.5
6 70/30 - 1 SEBS1
7 70/30 - 1.5 SEBSI1.5
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MINN 3.3 ﬁﬂ’]'ﬂthJﬂ'ﬁellugﬂlﬁuiﬂWﬂaLﬂJ@ﬁWﬁllﬂ'Jﬂﬂﬁzﬂ']uﬂ’]ﬁﬂul!ﬂﬂwa@Nlﬁaj

Die
Temperature (°C)

Screw speed

Winding speed (m/min)

24 holes (diameter has 0.32 mm/hole)
180, 190, 200 (Zone Extruder)

210 (Connecter) and 210 (Die)

8 rpm

500

i

g g

gﬂﬁ 3.5 Fiber melt spinning system: (1) Extruder, (2) 1" Hot roller unit, (3) 2" Hot roller unit,

(4) 3" roller unit, and (5) winding unit [44]
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1ngU7 3.5 Junszuoumstumdulonuuvasuman Tasldnnudounuweawesnawy
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) Y A 2 o 3 9 Y 4 ) g 9 ..
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3.4 MINATBUANUANMIANNZOU NMINMEMN HazaNUAmInNa

34.1 andanuanudou

A 9 9 A a 4 = a aa 14
1) MInageUTNIANINANUIoUAEAToIANINBT T UTsaT N ULILATDI UINDS

(Differential Scanning Calorimeter, DSC)
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11 SEBSI >,
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POM/PLA
(70/30)
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Temperature {=C}
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d' o 9 a 4 A A [ a L4
MINN 4.3 TUUANNANUIDUVDINDAUNDINTN POM/PLA WL@]Nﬁ'\ﬁﬂﬂﬂﬂu‘lWﬁWﬁﬂﬂﬂ

T, AH, T, AH, X, X,
f29819 POM POM PLA PLA POM PLA
o) /g o) J/g) (%) (%)
POM 160.27  68.82 - - 20.68 -
POM PEGI1 160.57 74.27 - - 22.77 -
POM EBSI1 162.47 65.43 - - 20.07 -
PLA - - 175.40  29.17 - 35.18
PLA PEGI1 - - 174.93 2917 - 31.69
PLA EBSI1 - - 174.28 32.19 - 3497
S 159.28 5922 168.95 7.23 14.08 3.98

SPEGO.5 169.52 5.80 160.58  48.95 13.18 1.33
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Effect of Oxyethylene co-Monomer on POM/PLA
Multifilament
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Abstract— Effect of winding speed on  physical and
mechanical properties of polyoxymethylene (POM)/Poly
(lactic acid) (PLA) multifilament was studied. The ratio of
POM/PLA for fiber preparation was 70/30 by weight. The
fiber grade PLA was used for blending with 3 types of
POM that contain low, medium and high contents of
oxyethylene co-monomer. The winding speed was S00 and
1000 m/min. The blend multifilament was produced using a
fiber melt spinning system. Only the POM/PLA blend that
POM contains high co-monomer content could produce the
multifilament at winding speed 1000 m/min. Blending of
POM/PLA was not affect the Tm of polymers but the Tg of
PLA was reduced. The tenacity of POM/PLA multifilament
produced with winding speed of 1000 m/min was higher
than those prepared with 500 m/min due to the extension of
polymer molecules and well molecular orientation. Form
the morphology study of fiber fracture, PLA multifilament
shows brittle fracture but POM fiber shows ductile fracture
and POM/PLA blend shows ductile phase due high POM
content of the matrix. The phase separation of two
polymers was not clearly observed.

Keywords—; Polyoxymethylene, Poly(lactic acid). Multifilament
1. INTRODUCTION

In recent years. the increase in fossil encrgy costs and the
environmental concerns result in new opportunities for the
industrial production of biodegradable polymers based on
renewable resources. The application of these biopolymeric
materials is therefore growing very fast [1-4]. Aliphatic
polyesters represent an important family of biodegradable
polvmers [3]. Poly(lactic acid) (PLA) is the best Known
polvmer of this family [3.5.6]. PLA, a biodegradable polymer
which can also be produced from annually rencwable
resources, PLA is characterized by excellent optical propertics
and high tensile strength but unfortumately. it is nigid and bnttle
at room temperature duc to its glass transition temperature (Tg)
close to ca. 35 °C [6]. Attempts have been made to improve the
mechanical properties of PLA by copolymenization with other
monomers but none of these copolymernization processes is yet
cconomically viable and none is known to produce copolymers

on an industrial scale for packaging applications [7-10].
Blending PLA with other polymers/copolymers has also been
investigated,  however only  moderate  improvement  in
mechanical propertics was achieved [11-20].

Polvoxymethylene (POM), with [-CH-O-] as the main
chain, is onc of the typical engincenng plastics with high
mechanical strength, high crystallinity. excellent abrasion
resistance, fatigue resistance and moldability, and has wide
applications.[21]

Polyoxometalates (POMs). a large class of metal oxygen
clusters of the early transition elements, are some of the most
promising building blocks for mnocomposite materials [22].
POMs have an unmatched range of physical and chemical
properties stemming from their wide vanety of atomic
combinations, molecular structures, and  sizes  [23-25).
Poly(oxymethylene) (POM). a crystallizable engincering
thermoplastic is used to improve the fracture toughness of an
amine cured epoxy resin. POM has not been used before as a
toughness  modifier for the epoxy resin.  Various
physicochemical propertics of epoxy/POM blends have been
characterized and reported by Goossens ef al. [26].

Most of polymers used in a scine manufacturing
process are polypropyiene (PP) and Nylon 6, They have high
mechanical property and good processability for fiber
fabrication. However, PP an Nylon 6 arc non-degradable and
synthesized from petroleum-based materials. As a result wastes
of the seine are harmful to sea animals. To solve the problems
polymer blend of biodegradable polvmer, PLA. and POM is
used as an cenvironmental friendly material for scine
production, The fiber fabrication process and effect of POM
property on product property was investigated.

Il. EXPERIMENTAL

A. Materials

Poly(lactic acid) (PLA). TP400M grades was purchased
from Unitika, Japan. (Density = 1.25 g/em’). Three grades of
polvoxymethylene (POM). lupital A25-03. (Density = 1.41
glem’), Tupital V20-HE(Density = 139 giem’) and lupital
F20-03, (Density = 1.41 g/em’) were produced by Mitsubishi
Gas Chemical Corporation, Japan.

BACK TO CONTENT
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B. Mulufiber Preparation

The POM and PLA pellets were first dried in an oven at
80°C for 8 h prior to processing, Table I shows the composites
all components of the blends. Then polymers were mixed
together and processed with dry blend. The blends were melt-
spun through a 24 holes dic with diameter of 0.32 mm per hole,
using single screw extruder (ThermoHaake Polydrive)
cquipped. The spinning conditions arc as follows: temperature
at barrel were adjusted to 180, 190, 200 (Zone Extruder). 210
(Connecter) and 210 °C (Die), screw speed 8 rpm and the final
multifilament was varied winding speed at 500 and 1000

D. Thermal properties

Thermal analysis of multifilament was recorded on a
differential scanning calorimeter, Perkin Elmer, DSC 8000
under nitrogen atmosphere with a heating rate of 10 "C/min

from 30250 °C.
E. Morphology

Momphological analysis of fibers was performed using a
scanning clectron microscope (SEM) (JEOL/JJSM-5410LV) set
at 15 kV at magnification 1000X and 3000X. Gold was

sputtered onto the specimens for clectron conductivity,

m/min, The melt spun POM/PLA blends were collected, =
I Tensile properiies

The tensile strength (TS) and clongation at break (%E) of

7 ) the fiber were measured using by an INSTRON universal
=LY , testing machine (INSTRONS569) according o the ASTM
— P i standard method D3822-01. The mechanical property of the

H iber was testing with a load cell of SOKN with gauge length o

f =] fibe ing with a load cell of SOKN with fength of

Il P 4 -] 25 mm and test speed 50 mm/min.

' \—/’ =) 11l. RESULTS AND DISSCUSSION
D:L. ’4,’ /f/\‘\_\\ A Multifilament

Fig. 1 Fiber melt spinning system: (1) Extruder,
(2) 1st Hot roller unit, (3) 2nd Hot roller unit,
(4) 3rd roller umit, and (5) winding unit

TABLE 1
Ratios of POM/PLA and winding speed
Winding
SﬂNn‘ﬂc POM/PLA 3 pccd (pm)
O 70/30 500 | 1.000
1 A25.403 7 174 Fig. 2 Multifilament of POM/PLA
2 F20-03 v x Table I shows the melt spun multifilament fabricated
3 V20-HE 7 -, at winding speed of 500 and 1000 rpm, It was found that all
- 20-H samples could be spun with winding speed of 500 rpm.
4 TP4000 v x However, only ncat POM, A25-03 and POM/PLA blend (V20-
3 A2503 | TP4000 v x HE/TP4000) qouk? be prepared using winding speed of 1000
3 2003 1 TP3000 > e rpm as shown in Fig, 2.
B. Melt Elow Index
v v
7 V20-HE | TP4000 TABLE II

o i 1r Meclt flow and density of neat POM and neat PLA pellets
Note: ¥ = winding successful, X = winding not successful

C, Melt Flow Analysis f MFR Density
; - Polviner Code (2/10min) (g/cm")
Melt flow index of polymers was tested according to
ASTM DI238. The temperature tested was 210 °C and weight A25.03 19.26 1.20
load at 2.16 kg by using a melt flow tester (Time Group Inc..
XRL~00A). Samples for melt flow index expeniments were POM F20-03 12.90 LIS
prepared using polymer pellets. V20-HE 15.90 118
PLA TP4000 942 1.09

214 BACK TO CONTEN
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Melt flow of POM shows high melt flow rate while PLA
is more viscous under the conditions, Blending of POM and
PLA will be suitable for fiber processing to produce
multifilament,

C. Thermal properties

Fig. 3 shows the DSC thermogram of ncat POM. neat
PLA (A25-03, F20-03. V20-HE and TP4000) at winding speed
of 500 m/min. PLA and POM show similar melting
temperature. The glass transition temperature (7)) of PLA was
observed at 70.49 °C but 7, of POM was not found. Thermal
analysis of POM/PLA blends was shown in Fig. 4. 7,, of A25-
03/TP4000 and F20-03/TP4000 show only onc endotherm peak
o 17562 and 171,63 °C but V20-HE/TP4000 show double
peaks which may be two causes for this behavior. Few authors
have reported [27.28] this behavior as a result of lamellar
rearmangement during crystallization of PLA: low-temperature
peak is formed on the melting endotherm of the onigimal
crystallites. and the high-temperature peak is formed on the
melting endotherm of the recrystallites. In another case, the two
melting peaks may be a result of the polymorphic crystalline
transition of PLA [27]. Blending POM with PLA resulted in
decreasing of 7, of PLA from 70.49 to 54.76 °C. The results
confirmed well mixing of POM and PLA and the PLA
molecules were well  distributed in the POM  matrix.
Furthermore. POM mwlecules enhanced the mobility of PLA
molecules.

V20-ME speed500
A2503 apeeds00

12003 1peed00

Endo down

Fig. 3 DSC Thermogram of neat PLA and ncat POM fiber.
(winding speed 500 m/min)
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F20-01.TP4000 npead’00
—
AZS03-TR000 apeedsO0
g V20 HE-TRAO00 apendSO0
» “ « L o0 w0 $l 16 w

Temperature *C

Fig. 4 DSC Thermogram of POM/PLA fiber.
(winding speed 500 m/min)

TABLE Il
DSC Thermogram data of ncat POM, neat PLA and POM/PLA
fiber at winding speed 500 m/min

Sample code Tm(°C) AH (Jg) Tg (°C)
A25-03 176.63 105.03 s
F20.03 171.96 105.44 -
V20-HE 163.04 6762 -
TP4000 177.22 3342 70.49

A25-03/TP4000 175.62 9845 61.08
F20-03/TP4000 171.63 9947 5476
V20-HE/TP4000 | 161.18 [ 16986 | 53.19 [ 643 | 3540

D. Mechanical Properties

Fig. 5 shows the tenacity analysis of POM and PLA. It was
found that ncat POM grade A25-03 could be winding at 1000
m/min while other POM grades and PLA could be winding at
winding speed 300 m/min, The tenacity of POM fiber drawn at
winding speed 1000 m/min is higher than twice of the fiber
winding with speed 500 m/min due to orientation of polymer
molecules from high extension. PLA show higher than POM at
same winding speed,

BACK TO CONTENT|
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) ) Fig. 8 Elongation at break of POM/PLA blend
Fig. 5 Tenacity of ncat POM and neat PLA at winding speed 500 and 1000 m/min
at winding speed 500 and 1000 m/min

From Fig. 6 the clongation at break of POM at winding
speed 500 m/min is significantly higher than PLA duc to PLA
Oipeod Ommin  Depend 1000 wmin is rigid and brittle at room temperature while POM is more
flexible than PLA. Jianwei Lu ¢f a/. reported a high clongation
of 460% for POM fiber mat produced by clectrospun process
[29]. POM (A25-03) at winding speed 1000 m/min shows
clongation at break drop to 134 % due to its molecules had
already been stretched,

The polvmer blends show different winding ability and
tenacity. From Fig, 7 V20-HE/TP4000 blend could be winding
at speed 1000 m/min and the tenacity of the blend is 2 times
higher than the blend produced at winding speed 500 m/min
because the orientation of molecules from high winding speed.

Flongation at Break (%)

m The other POM/PLA blends with winding speed 500 m/min
. — - show similar tenacity. The results confirm that high winding
s b Tree speed and polymer molecules orientation are  important

parameters of the mechanical property of the multifilament.
Flg 6 Elongalion at break of neat POM and neat PLA The clongnllon at break of POM/PLA blends is shown in

Fig. 8. High clongation of more than 225% was found or all
POM/PLA blends. The V20-HE/TP4000 blend winding at
1000 m/min shows low clongation than the sample at winding
s speed SO0 mvmin duc to already stretching of polymer
molecules.

at winding speed 500 and 1000 m/min

Sapod s Bspoed 1000 moin

D. Morphology

Temacity (gl'd)y

ALS 80 TR0 F20 03 TP V20 HESTRsw0

Fig. 7 Temacity of POM/PLA blend
at winding speed 500 and 1000 m/min
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Fig. 9 SEM image of fiber (a) V20-HE (b) TP4000
(¢) V20-HE/TP4000 blend

The morphology of fracture structure of POM, PLA and
POM/PLA blend is shown in Fig. 9. In Fig. 9 (a) POM shows
ductile fracture while in Fig. 9 (b) the neat PLA shows brittle
fracture than neat POM and the polymer blend. The mixed
POM with PLA shows ductile fracture and miscibility phase
due to in the matrix high POM content and phase scparation of
two both polymers was not observed,

VI. CONCLUSION

The melt spun multifilament of POM/PLA blends using PLA,
TP4000 and POM, A25-30, F20-03 and V20-HE at ratio of
POM/PLA at 70/30 wi% was prepared. The effect of winding
speed at 500 and 1000 m/min to mechanical and physical
propertics was investigated. The polymer blend of POM/PLA
with high contents of oxyethylene in POM (V20-HE/TP4000)
could be winding to multifilament with high winding speed.
The thermal property analysis indicated that the 7, of PLA in
the POM/PLA blend decreased due to POM had higher melt
flow than PLA and assisted the increasing of polymer chain
mobility. Neat PLA has higher tenacity than ncat POM but
clongation at break was lower than POM in the POM/PLA
blend. The tenacity of POM/PLA blend (V20-HE/TP4000)
produced at winding speed 1000 m/min is 2 times higher than
the fiber produced from winding speed 500 m/min due to the
molecular orientation from extension. The SEM image of neat
PLA shows the typical brittle fracture with smooth fracture
surface due to inexistent or very low plastic deformation. POM
is a ductile fracture corresponding to a flexible polymer. The
blend shows ductile fracture and miscibility of both polymer
phases due to high POM content in the matnx.
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Abstract

Polymer blends of polyoxymethylene (POM) and poly(lactic acid) (PLA) exhibit excellent mechanical property
for fiber application. Structure and property of PLA affected the property of the POM/PLA blend. To investigate the
appropriate type of PLA, blending of two grades of PLA with POM in a ratio of POM/PLA 70/30 by weight were prepared
by melt spun method using a single screw extruder equipped with a multifilament spinneret. The drawing speed of
multifilament of 800 and 1,100 m/min was applied to the melt spinning to investigate the highest extension ratio. The
effect of PLA grade and extension ratio on morphology, thermal and mechanical properties of POM/PLA blend fiber was
examined. The SEM micrographs indicated that PLA was miscible with POM. Three methods of tensile test were carried
out to measure the strength of materials in different application forms. The tenacity study of POM/PLA multifilament

measured by cross type tensile methods was higher than other test methods due to the extension of polymer molecules

and well molecular orientation.

Keywords: Polyoxymethylene, Poly(lactic acid). Polymer blend, Multifilament

1. Introduction

Most of polymers used in a seine manufacturing
process are polypropylene (PP) and Nylon 6. They have
high mechanical property and good processability for fiber
fabrication. However, PP and Nylon 6 are non-degradable
and synthesized from petroleum-based materials. Huge
amount of their wastes cause serious environmental
problems in the sea. Therefore, it is needed to replace these
conventional materials with environmental friendly

polymers having similar property. Biodegradable
polymers have been considered to be promoting for
production. Poly(lactic acid) (PLA) is a biodegradable
polymer produced from renewable resources that has now
been prompt for using in plastic industries. However, there
is less information for applying PLA in textile industry due

to limitation of its physical property. PLA is generally

known as a brittle material and low crystallization polymer
[1-3].

PLA has been used for composite materials and
medical applications. Fibrous applications are preferable
for PLA development due to the higher value addition than
using it for packaging and other plastic applications.
However, PLA has some inherent disadvantages that limit
its use for fibrous applications, especially textiles [4].
Therefore, the efforts are being made to understand and
improve the properties of PLA [5-7]. The most prominent
method of property of PLA improvement is the blending
with high toughness polymer.

Polyoxymethylene (POM), is one of the typical
engineering plastics with high crystallinity, excellent
abrasion resistance, fatigue resistance and moldability, and
has wide applications [8]. Blending of POM and PLA has
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been reported to give well mixing polymers exhibited high
toughness. Therefore, the polymer blends of POM/PLA
would give possibility of fiber application to replace the
conventional petroleum-based non-degradable polymers
[9-14].

However, due to different physical property of PLA,
the appropriate PLA grade of POM/PLA blend for fiber
property has not been studied. For actual application as
fishing net, the comparison of fiber property of POM/PLA
fiber with nylon fiber is necessary.

In this research, we have studied the blending
process of POM/PLA using two grades of PLA, extrusion
and melt spinning fiber grades to produce fibers. The effect
of tensile test methods with shape of samples; normal,
cross and loop to mechanical and physical properties of

polymer blend fibers were investigated.

2. Experimental methods

2.1 Materials

Two grades of poly(lactic acid) (PLA) were used:
125 glem’) was
purchased from Unitika, Japan, and PLA 6100D, fiber melt
spinning grade (density 1.24 g/cm?). was purchased from
NatureWorks LLC, USA. Polyoxymethylene (POM),
Jupital grade V20-HE (density 1.39 g/cm?®). was produced
by Mitsubishi Gas Chemical Corporation, Japan.

TP400 extrusion grades (density

2.2 Multifiber Preparation

The pellets were first dried in an oven at 80°C for 8
h prior to processing. Table 1 shows the composition of all
components of the blends. Then, the polymers were mixed
together with dry blend and were melt-spun through 24
holes (circular shape) with diameter of 0.32 mm per hole,
using single screw extruder (ThermoHaake Polydrive). The
spinning conditions: temperature at barrel was 180, 190,
200 (extruder zone) 210 (connecter) and 210 °C (die),
screw speed of 8 rpm). The final multifilament was varied
the winding speed with 800 and 1,100 m/min, and the melt
spun of POM/PLA blends were collected.

g g

Fig.1 Fiber melt spinning system: (1) Extruder,
(2) 1st Hot roller unit, (3) 2nd Hot roller unit,
(4) 31d roller unit, and (5) winding unit

Table.1 Winding process at different speed of melt
spun of POM/PLA blends.

Sample POM/PLA Extension ratio
No. 70/30 1.98x | 2.68x

1 V20-HE ¢ v

2 TP4000 X x

3 6100D e x

4 V20-HE | TP4000 v v

5] V20-HE 6100D ¥ v

Note: v = winding successful,

% = winding not successful
Only PLA TP4000 = 1.86x

2.3 Thermal properties

Thermal analysis of multifilament was recorded on
a differential scanning calorimeter (DSC 800, Perkin
Elmer, MA) under nitrogen atmosphere with a heating rate
of 10 °C/min from 30 to 250 °C.

2.4 Morphology

Morphological analysis of fibers was performed
using a scanning electron microscope (SEM) (JEOL/JSM-
5410LV) set at 15 kV at magnification 1,000X and 3,000X.
Gold was sputtered onto the specimens for electron

conductivity.
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2.5 Tensile properties

The tensile strength (TS) and elongation at break
(%E) of fiber were measured using an INSTRON universal
testing machine (INSTRONS5569) according to the ASTM
D3822-01. The mechanical property of the fiber was tested
with a load cell of 50 kN with gauge length of 25 mm and
test speed of 50 mm/min. The tensile test consists of three

types of test samples: normal, cross and loop.

3. Results and Discussion

3.1 Thermal properties

Thermal analysis of neat PLA, neat POM and
POM/PLA blends was shown in Fig. 2. The melting
temperature (7)) of V20-HE and TP4000 show only one
endotherm peak at 163.04°C and 177.22°C while V20-
HE/TP4000 and V20-HE/TP4000 show double peaks
which can be explained by two causes for this behavior.
Few authors have reported [15-17] this behavior as a result
of lamellar rearrangement during crystallization of PLA:
the low-temperature peak is formed on the melting
endotherm of the original crystallites, and the high-
temperature peak is formed on the melting endotherm of
the recrystallizes. In another case. the two melting peaks
may be a result of the polymorphic crystalline transition of
PLA [18,19]. Blending POM with PLA resulted in
decreasing of the glass transition temperature (7%) of PLA
from 70.49 to 54.76 °C. The results confirmed well mixing
of POM and PLA and the PLA molecules were well
distributed in the POM matrix. Furthermore, POM
molecules enhanced the mobility of PLA molecules.

V20-HE (1.98X)
PLATP000 (1,980 YA
o v—
PLAG100D (1900
45; 3 ——
3 | vaore s eor0zomo
MR, e

temperature ¢

Fig.3 DSC Thermogram of neat PLA, neat POM and
POM/PLA fiber.

Table.3 DSC Thermogram data of neat POM, neat
PLA and POM/PLA fiber.
Sample code Tm (°C) AH (J/g) (Zg)
TP4000 177.22 33.42 70.49
6100D 181.63 46.83 70.96
V20-HE 163.04 67.62 »
V20-HE/TP4000
(2.68%) 161.18 | 169.86 | 53.19 | 643 | 55.40
V20-HE/6100D | 16131 | 179.28 | 5836 | 13.86 | 54.87
(2.68X)

3.2 Mechanical Properties

Fig. 4 shows the tenacity analysis of neat PLA, neat
POM and POM/PLA fiber. It was found that for the V20-
HE/TP4000 the tenacity of cross sample tended to increase
more than the normal and loop format tensile method.
However, the tenacity of V20-HE/TP4000 was higher than
V20-HE/6100D due to orientation of polymer molecules

from high extension.

Tenacity (gf/Denier)

Fig.4 Tenacity of POM/PLA fiber

at extension ratio 2.68x.

The clongation at break of POM/PLA blends is
shown in Fig. 5. V20-HE/6100D shows high elongation of
more than 225%. The loop tensile method of V20-
HE/TP4000 shows lower elongation than the cross tensile
sample method due to already stretching of polymer

molecules.
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Elongation at break (%)

Fig.5 Elongation at break of POM/PLA fiber

at extension ratio 2.68x.

3.3 Morphology

The morphology of fracture structure of V20-
HE/6100D is shown in Fig. 6 (a) V20-HE/6100D normal
tensile test method shows ductile fracture while in Fig. 6
(b) the V20-HE/6100D cross (8) tensile test shows brittle
fracture than the V20-HE/6100D normal tensile test.

(a)

(b)

(©)

Fig.6 SEM photograph of V20-HE/PLA6100D

(a) normal (b) cross and (c) loop

The morphology of fracture structure of V20-
HE/ PLATP4000 from various tensile test methods is
shown in Fig.7 The mixed POM with PLA shows
ductile fracture and miscibility phase in the POM
matrix. Phase separation of two both polymers was
not clearly observed.

(@)

(b)

(©)

Fig.7 SEM photograph of V20-HE/PLATP4000

(a) normal (b) cross and (c) loop

4. Conclusion

The melt spun multifilament of POM/PLA blends
using two types of PLA, TP4000 and 6100D, and POM,
V20-HE at ratio of POM/PLA with 70/30 wt% was
prepared. The effect of tensile test methods with shape of
samples: normal, cross and loop to mechanical and
physical properties was investigated. The polymer blend of
POM/PLA with extrusion grade PLA (V20-HE/TP4000)
could be winding to multifilament with high winding speed.
The thermal property analysis indicated that the 7, of PLA
in the POM/PLA blend decreased due to POM had higher
melt flow than PLA and assisted the increasing of polymer
chain mobility. V20-HE/6100D loop tensile method has
higher tenacity than the normal and cross tensile test
methods. The tenacity of V20-HE/TP4000 produced at
high winding process gave high cross tensile test due to the
molecular orientation from extension. The SEM image of
V20-HE/6100D from normal, cross and loop tensile test
shows the typical brittle fracture with smooth fracture,
surface due to inexistent or very low plastic deformation.
POM is a ductile fracture corresponding to a flexible
polymer. The blend shows ductile fracture and miscibility
of both polymer phases due to high POM content in the
matrix [20,21].
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