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ABSTRACT

Carpets are produced from petroleum-based synthetic polymers: polyethylene terephthalate
(PET) and polypropylene (PP). These polymers have good propertics. However, they are not
biodegradable. Based on an amount of carpet production of 4,000 tons per year, waste of used
carpet creates severe environmental problems. Therefore, an application of biodegradable polymers
for carpet part production can be the preferred method to solve the pollution from carpet wastes.

In this research, we studied the application of a biodegradable polymer which is poly lactic
acid (PLA) instead of PET and PP to produce the secondary backing part of the carpet. The non-
woven fabrication process using a spunbond compared with the cotton candy method was
examined. The improvement of toughness of PLA fibers was investigated by using various contents
of polyethylene glycol (PEG). Moreover, the physical, thermal and mechanical properties were
inspected. Addition of a plasticizer to non-woven PLA was carried out at 200 and 230 °C.

It was found that non-woven fabrics produced by a spunbond process showed good
mechanical properties and tensile strength was higher. The samples had more thickness and weight.
Although the addition of PEG did not affect the crystalline melt temperature (Tm) of PLA, the glass
transition temperature (Tg) decreased. The addition of PEG (5 wt%) to PLA for the preparation of
non-woven fabric using a cotton candy process resulted in an increase of mechanical properties of

PLA obviously. The forming process in the cotton candy process was carried out at 200 °C.

Keywords : carpet, poly lactic acid, polyethylene glycol, non-woven, spunbond process, cotton

candy process
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Physical Properties Ingeo 6100D
Specific Gravity (g/cm’) 1.24
Relative Viscositym 3.1
Melt Index (g/10 min at 210°C) 24
Melt Density (g/cm3 at 230°C) 1.08
Glass Transition Temperature (°C) 55-60
Crystalline Melt Temperature (°C) 165-180
Denier per Filament (g/9000m) >0.5

Typical Fiber Properties

Tenacity (g/d) 3.0-6.0
Elongation (%) 10-70
Modulus (g/d) 55-65
Boiling Water Shrinkage (%) 3-10
Hot Air Shrinkage (% at 130°C,10 ) 3-10
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a 4 A 9 9 ~ a 4 =~ a aa 14
3.42 Msnsizraudaniaanuioualaaiosaiesisudsadunutinaosnos
Y Y
(Differential Scanning Calorimeter, DSC) HUupouAal
1) MSA3ENAIBENNATOL
@ ] A FY o o ao} Y] 3 1 Y g @
f10819N 1% lumsnagey imssaiminasalealdiiimind seuna
5-10 AAanTy V3TPAITA06 NI IUMBULUTTIA1TAI0619 (Pan) TIMIDAUUUIUDINIA |3
annson 1118

2) ANMEMINATOULAAIAIAITIN 3.3

52



d' o A A a 14 = a aa 4
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31 4.1 dnvagTassadnduginevesd lianline PLA Mfu PEG NfSmaa1ag 91n

ndogansseninuulfuas (a) 1iidn PEG (b) 0.5 Wt% (c) 1 Wt (d) 1.5 Wt% (e) 2

Wit% (f) 3 Wt% (g) 4 Wt%

30

25

Diameter of Fiber {micron)

20

15

10 -

ot
«n

=
AN
N
w
AN
IS

1.5
PEG content (wt%)

51 42 vinaduriuguinaraduleve i lidnline PLA Mdn PEG MfSunmaie

55



¥ LY 1 $ =)
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) Y
Tauua 1x 15U NMIIAANNHUIAI8IATBIIAANUM UL Dial Haz¥i1NITIATT 10
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(Differential Scanning Calorimeter, DSC)
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d' LV 9 9 [ N9 1 d' a d' ]
M99N 4.1 ﬁﬂJ“]J@I“I/INﬂ’JHJﬁfJWU@QW']thE]ﬂubJ“I/I’éJ PLA N9y PEG VITJ%?J']’EIM'NG]

%Xc =

PEG content (wt%) T, (°C)  AH,(Jg) T,C) (AH/AH,)

x 100
0 174.1 51.12 63.9 54.56
1 172.9 51.43 63.1 54.89
2 173.4 49.38 62.1 52.70
3 172.8 48.62 63.6 51.89
4 171.9 47.48 57.8 50.67
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g R \\
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5 —— \
} \
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-\ - - - - - - =
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20 50 80 110 140 170 200
Temperature(°C)

3 4 VN "o T { a 1
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4.1.3 manasevaviamanar lidn lune PLA Midu PEG USunaanag

4.1.3.1 HANINATOUNTNUNTUADLTIA (Tensile Strength)
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< ~ = @ a a
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ANATOUUUUFDINT 1A (Scanning Electron Microscope, SEM)
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PEG Winauaue 1 84 5 Sosaz Tagiimiin TaoNgaungil 200 o3rsaidea 11y 1.137, 0.881,
a a a I
0.606 Lag 0.543 waaluag HAS RN 230 ’E]\?ﬁ““lfﬁl@ﬂﬁ !ﬂu 1.224, 1.054, 0.970, ez 0.372
a A A o o < a A < Y o ' 9 "o '
UDALUAT LIBINYUND Polyester 1Wu 1.1375 Haawas mu”lﬂ%ﬂmmm’mmuwmm”luaﬂ"lu'na
A L X4 P} A g Yy ¢ Y
anaulel/sua PEG tiuay Lu@ﬁ%WﬂeUu']ﬂ"llflﬂlﬁuiﬂﬂlaﬂﬁ\‘l mumuﬁuﬂﬂmwmmu%aﬂm

A A da! &2 9/%’ @ Y ' o !
maﬂ?mm PEG !,Wll"llu“]ixi’d\iW’ﬁal,ﬁu1°ﬂuﬂ"ll’t]\1WWllilflﬂulilﬂ’t]ﬁﬂﬁﬂ
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422 wanmIsnadovuaulaneanuiouvesdlionlune PLA M@y PEG USua

A9
Y Y A a 4 ~ a A
4221 WAMINAFOUNIANLToUAATRIAYN 0T IS UTsaaUNUIAaDT

TGET (Differential Scanning Calorimeter, DSC)

a =

Y v
1) vugiigamgi 200 o uraiHod

U

i
@

[ ] { A 90’
111 lne PLA M@y PEG USuna 1, 3 ua 5 $evaz Tassimiin f

2

v 2y A d ' . . =
ugﬂﬂjﬂﬂﬁgﬂ'JUﬂ'ﬁﬂﬂﬁ@]ﬂu LAURA ﬂ?ﬂlﬂﬁ'ﬂ\‘]ﬂuwaﬂul!ﬂﬂwu (Melt jet spmmng) ‘V]GUL!T]J‘V]

U

De
2

2De

A = Y o wa Y Y 4 A s =
gutifil 200 osrwaFad udni lnagevauianaNuFeutsnsosaleTITuFoadINY
Haunaesimed uaaimsimiziamianiennuiou demsnei 43 wagzli 411 wudien
guUMINaeNINAI (Melting temperature, Tm) Y0971 1idnliine PLA ogh 181.65 osuasaiGod

a

Aa a ~ 9 g o 1 [l = A
uazhiima@uSunm PEG 9 1, 3 uaz 5 Jovaz Taerimin a1 Tm liwl@eunilas vaz i g
i v .. '
asuaaIuzAdIoun) (Glass transition temperature, Tg) V04 PLA A1 67.87 aernisaifed was
{ a 1 I o w
PLA NUMSIAN PEG UA1 Tg 111 65.10, 63.03 11ag 62.03 oA UsAFId MUY HANINAADY
(=1 Y o 1 Y 43‘ 1 o ¥ A g a s A a
WU UANVUADAARBINVTIBNUADUNIIHAYBY PEG it unaiadn lases iio@nag
1 1 a d o [ o
TuprLa sz liunsnegszninaTuanaveswedmesinli ldnasamlumsnyusouiusz o
' Y [ v
Tuanatiosas il PLA Undu iuanuamnsolumssuusanazunn [30, 32] M3AN PEG 0
Y 4 @ I = I
USuae 1, 3 wag 5 Sevaz laerimiin wwannnulunanves PLA 910 54.12 11U 53.92, 4674182
J o w o I = A A ds! A w0
40.85 Wosidu mua1ny szauanuilunanaraudlelsuia PEG iindy nan1snaaodgugu

a a J 1 A ' @ 1
mimuwam@m"lcmcmimmwummmmmmmmﬂqﬂu PLA [33]

d' [V 9 9 [ B9 ] d' a 1 a é?
13191 4.3 fﬁJ‘U@]ﬂ?ﬁﬂ??ﬂﬁ@uﬂ]@\mﬂ‘hﬂﬂ%ﬂﬂ PLA N0 PEG Y51an9 9 Qmwau‘lumimu

31 200 AT

\ Xc=(AH /AH_)
T,(0)  AH,(g) T, (O

x 100

Polyester 270 - 65 -
PLA 6100D 181.65 52.66 67.87 54.12
1 178.84 52.47 65.10 53.92

PEG content
3 180.18 4548 63.03 46.74
(Wt%)
5 180.76 39.75 62.13 40.85
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)}

fwes uagaimsiniziavianiinnuiou dwn1i1an 44 uazgii 412 woliA1guugd
¥aOUIHA2 (Melting temperature, Tm) ¥99A1 115610 13m0 PLA g7 184.37 seruasaiFod uazniinig
a 1 %’ ) [ [l { 1 a {
@S PEG 1, 3 naz 5 Sevazlaoinmin a1 Tm lunlasunlas vazhinguugiin/asu
A01ULARBUND (Glass transition temperature, Tg) Y04 PLA 11 64.96 oaruzaiFed 1ag PLA A3l
a 1 I o w '
M3AN PEG 1A Tg 11U 63.06, 62.09 1 61.34 09pailod AUa1AY HAN1SNAADINLIINAVDY
o Y A a s A a ) 1 1 A 4
PEG iihnidlunaradn laweiieduaslu PLA sz ldunsnegszninaTuanavesnoamos

o Yq ¥ o ) ] ° 9 2 2 A
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o a = ¥ ¥ o < =
JULUIINTLUND [29, 31] MIwU PEG ‘mﬁmm 1,305 5@8631ﬂ8u1ﬂuﬂ ﬂ%ﬁﬂﬂ’ﬂlllﬂuﬂaﬂ"l]f]ﬂ

3 < o w o I = A
PLA 910 46.13 111 45.99, 45.21 tag 45.15 nlosisu awa1ay szauanuiluranasaaulonsum

A 2 YAl a a g A 1 o 1
PEG L‘Wllﬁu Nams‘n@amﬁuﬂummimuwmﬁmﬂ”lcmcmimmwumwmammmmmai«ﬂu PLA

(32]

d’ o 9 9 [5-] 1 A A 1 a da!
919N 4.4 ﬁiliJGW]Nﬂ’J"IlIS@u"U@\‘]PﬂlliJﬂﬂllll‘V]E] PLA Ny PEG ‘]EZJ"I‘EI!G]N‘”] 'QillﬁgﬂJl‘l&ﬂ'lisllu

31 230 oernraTYd

%Xc =
T_(°C) An,(0ghH  T,(0) (AHmM/AHMO)
x 100
Polyester 270 - 65 -
PLA 6100D 184.37 44.89 64.96 46.13
183.08 44.75 63.06 45.99
PEG content
183.59 43.99 62.09 45.21
(Wt%)
181.91 43.93 61.34 45.15
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4.2.3 wamsnageuauiamanar lisn line PLA Miay PEG 151naia199)
4.2.3.1 HAMINATOUMINUNIUABLTIAY (Tensile Strength)
MIMINATOUMINUMUABLTIAY AIATTIU ASTM D 3822 01 V99
LY ] d‘ a 9y %’ Y 9 a da!
Tlaien line PLA M@y PEG 15unm 1, 3 uag 5 $ovaz Taorimiin ldgamgiilunmsvugi 200 uay
= [ d‘ 1 1 = Y LY ] d' a
230 peruraFoa awaaslugli 4.13 Amsnumuasussaavesdn lion line PLA Ay PEG
9 %’ o " Y [ ] a A= 1 =
YT 1, 3 uag 5 $evaz Tasrimin wundlusn linewedeaned JIAANUNUMUABLTIA
I A a dﬂ! =y Y (Y] ] a0
v 1731 wnzihana Aguugilumstugy 200 esaaidod flidnline PLA ianaw
' = & A a A P ¥ o g
NUMUADNTIAAY 59.11 wnzahama uazfi@y PEG 1 1, 3 uaz 5 Sesaz Tagrnimin 1y 50.40,
d‘ a 49( = 9 | Y] 1 s
5730 uaz 63.68 wnzihania uazhguugi lumsyugal 230 essusaFod /1 lidn lune PLA fia
1 =2 d A A ~ Y %} Y] I
ANUNUMUABLIIAUTY 34.53 wnzihama waz@y PEG 91 1, 3 uaz 5 Fewsaz lagrimin 1l
a o wa A Q‘ g ) 4 §
37.70, 31.64 az 43.45 wnzalhama Mm@y PEG mldaniadanaved PLA miuvued1asanun

a

a ~ 9 % @ d' é’ ~ =3 ]
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Y

wa a [l Y A A o a X A = ] <
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4232 HANMSNATOUNIAIUITINUNEY (Bursting Strength Test, BT)
mmsnageumsduussaunzguesi ludnline PLA Mi@u PEG @
Y 3 Y 9y a 2 = @ A~
s 1,3 uay 5 Sesaz Tagrwinin lagamgiTunmsyugl 200 tag 230 esrisased A3 4.14
) (XY ] a [ 2= 9 [y I ¢ A Y a
wamsnagounyA bidn lunewedeaaestisimadunssaunzqitlu 1082 115 Nldgamgily
é! = = Y o I 4 Aq ¥
M3vug 200 ornarad NAMIAUITIAUNZQEIU 63.44, 37.55, 43.36 LAz 43.36 115 LAz 1Y
a X = A 9 o |
gaungiilumsuugil 230 esrusaied A IMIAIUIRUNEQElu 4345, 3.514,2.558 L 3.507
s A = A X = ¥ a ¥ o 1 a 4
115 tesnnigamg i lumsungil 200 sesrnmam e UUTANIMENINATTIUGINI BT AINDS
9 (Y] 1 A A ~ A da! = = A o J
uazdn lidn lune PLA i@y PEG Ngamgi Tumsvuga 230 ossniwaied uazlinnuminiidini
= 1 Y Y [ Y] 1 d' a z:; a dﬂg = =\ 1
vaaawalid luanline PLA i PEG figainigii lumsaug) 200 sssnaaioa Tanuvuuiy
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5.1 ajUwaminaans
9 (Y] [ a a a . . A A a an
5.1.1 i ludnlineweduandnueda (Polylactic acid, PLA) Miduneaefiau lnanea
2 ) P
(Polyethylene glycol, PEG) Yu3ienenszunumsailuvoud
1) MAraMInaasUdnyazmMImenmvedn lidnlune PLA M@y PEG Wy
1 g o Y [} (] d‘ a d‘ 9 %’ Y] [ 9
MANNHULAZ I NNATTINUeIR lin line PLA iau PEG 11 1 $esas Taetimiin dewald

Jaa

1 aol Y] 1 ¥ 'Q 1 1 Y a a 4
Anihminaenuiriingege denaliiinsnizaiendves PEG lu PLA mmindna uazingizy

4 9

1 J [ -9 ] 1 a ) 1
Wuruguanaradulevesd bidnldne nudinsidy PEG vhldvinadurugudnaisvesdn
To oy 44 2
lsign luine PLA anasaudfSunaves PEG Niiuay
wa 9 DRRES ' A a Y a
2) NARaMINageUaNAn1eaNsouvead lidn line PLA M PEG aeatl
14 a Aaa J 1 [
MoS IS UFEAAUNUTILADDS UINDT (Differential Scanning Calorimeter, DSC)WU21 A1 Tm U84 PLA
z:; l-ﬂ' =4 9 %’ [} 1 ] d' 1 a0
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a d A [ @ ]
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b4 Lg% 1 d' =) d' g 74
nuwaziiminveadn lidn line PLA nay PEG Tasd/3una PEG 01 1 $ewaz Tasriminduled
[ % ) 1 ]
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5.1.2 flignlineneduanfnueda (Polylactic acid, PLA) Niauwedenau lnanea
Y Y

(Polyethylene glycol, PEG) ¥131/818n32101UM3In0AADY LAUA
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a 4 a aa J 1 1
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Effect of Air Jet Pressure on Carpet Backing Fabrication Process
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Abstract

This research studied the process of carpets production from the non-woven fabrication process
using a spun bonded technique. Biodegradable plastic, poly(lactic acid), PLA, was use as material to
replace the poly(ethylene terephthalate), PET. The toughness of PLA was improved by addition of
poly(ethylene glycol), PEG, with amount of 1 weight percent. In the spun bonded process the effect of air
jet power was studied for the non-woven fabrication with 15, 20 and 25 psi. The fiber products were

subjected to mechanical and thermal property analysis of the carpet backing as synthesized. It was found
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that PEG addition the fiber showed good mechanical property with high tensile strength. Due to high

thickness and weight of samples prepared, addition of PEG showed no effect to the crystalline melting

temperature (Tm) of PLA but the glass transition temperature (Tg) of PLA decreased. The effect of air jet

pressure to the non-woven spun bonded process showed the with 15 psi resulted in higher thickness and

weight than 20 and 25 psi and the tensile strength of the non-woven increased.

Keywords: Poly (lactic acid) (PLA), Polyethylene glycol (PEG), nonwoven, carpet backings
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Abstract— The melt spinning process to produce
a secondary backing of carpet using poly(lactic acid)
(PLA) was studied. To reduce the fiber size for
improvement of the surface area of the fiber, the
application of high pressure spinning process, the
cotton candy process, to produce PLA nonwoven was
investigated. However, due to brittleness of PLA the
melt spinning process was not smoothly performed
and small fibers were not produced. In this research
we studied the effect of addition of poly(ethylene
glycol) (PEG) as plasticizer to overcome the
limitation of fiber processing of PLA. The amount of
PEG addition was 1, 3 and 5 wt%. The condition
controlled for the cotton candy process was set up
with barrel temperature 230 °C, screw speed 5 rpm
and air pressure 0.5 MPa. The collector for the
fibers and the extrusion die was placed with distance
of 60 cm with collection time for 5 min. The fiber
sheet from a collector was compressed using a
compression molding process at room temperature.
The morphology of PLA fiber was analyzed and the
diameter of fiber was measured. The diameter of
PLA without addition of PEG was 16 pm whereas
addition of PEG to PLA for 1, 3 and 5 wt% the
diameter of fiber reduced to 12.5, 11.7, 2.5 pm,
respectively. The microfiber nonwoven PLA showed
higher tensile strength than the commercial
polyester.

Keywords—Poly(lactic acid), poly(ethylene glycol),
cotton candy process, carpet secondary backing

[. INTRODUCTION

At present. the amount of carpet used has increased
significantly. With versatile utilization, carpet has
potential to be applied to architecture within automotive
and aircraft industries [1]. The structure of carpet
comprises of primary backing, secondary backing and
tuft. The structural element of the carpet is primary
backing follows by the secondary backing. The structure
of the primary and secondary backing of carpet is jute
fiber, knitted fiber. The materials for layer fabrication
are made of jute, Kraft cord, cotton and polypropylene.
The secondary backing supports the whole carpet
structure and helps to prevent carpet from moisture and

bacteria. It is mostly made from the same material as
primary backing. In carpet structure fabrication, the
primary backing is attached to the secondary backing
using a bonding agent. The commonly used adhesives
for binding the two backings are synthetic rubber,
styrene-butadiene-rubber or polyamide [2].
Polypropylene and poly(ethylene terephthalate), are
common polymers used for primary backing and
secondary backing. They are non-degradable materials.
From the increasing of carpet production their garbage
is increasing rapidly and causing environmental
problems. Carpets are mostly applied that more than
50% of all floor coverings are carpet. The amount of
waste is related to the production, processing and the
equipment, including the cutting and decoration of the
carpet. The amount of used carpets treated in the British
landfill was more than 400,000 tones [3]. Recycle of
used nylon carpets is the effective method to save new
petroleum-based  polymers  and  reduce  the
environmental ~ pollution of waste treatment.
Furthermore, the application of environmental friendly
material or "green product" as a substitute material has
been studied. Poly(lactic acid) (PLA) is an eco-friendly,
biodegradable polymer. PLA has high mechanical
property but the PLA is a brittle and rigid polymer.
These restrictions limit its applicability. To improve the
flexibility and impact property of PLA for fiber, film
and packaging applications, addition of plasticizers has
been reported [4-10]. Mixing of high molecular weight
plasticizers for PLA such as poly (ethylene glycol)
(PEG) [12—14]. poly(propylene glycol) (PPG) [15] have
been reported. PEG has shown good plasticity for PLA.
But the amount of PEG used in PLA must be equal or
less than 20% due to the potential impact of PEG on
glass transition temperature (Tg) of PLA.

Furthermore. the process of melt spinning is an
important factor to the fiber size. In this research we
studied the preparation of the secondary backing of
carpet using PLA as a matrix material. The effect of
PEG plasticizer on improvement of ductility of PLA
using a melt jet spinning process was reported.
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€— Tuft

Primary Backing
g Bonding Agent
e~ Secondary Backing

Fig. 1. Carpet component

II.  EXPERIMENTAL

A. Materials

Poly (lactic acid) (PLA: Ingeo biopolymer grade 6100D,
melt flow index (MFT) 24 g/10 min, density 1.24 g/cm’)
used in this research was obtained from Nature Works
LLC. Polyethylene glycol (PEG, Mw ~ 20,000 Da) was
produced by Sanyo Chemical Industries Co. Ltd.

B. Methodology

The PLA pellets and PEG were dried in an oven at 80°C
for 8 hours before used. PEG plasticizer (1. 3, and 5
wit%) was mixed with PLA using a twin screw extruder
and cut to pellets. The compounded pellets dried at the
same conditions and subjected to a melt jet spinning
(cotton candy method) process through a 3 holes die
with diameter of 0.4 mm per hole and a hot air outlet in
the center of the nozzle. The polymer melt is moved to
the nozzle and to the spinneret. The spinning conditions
are: barrel temperature 170, 200, 230 (extruder zone)
230 (connecter) and 230 C (die). screw speed of 5 rpm.
The conditions of nonwoven fibers preparation are
shown in Table 1. The sample was melted by melt
extrusion of screw rotating with small diameter
spinneret nozzle. To process small size fibers, the
melted polymer was blown out at the nozzle by hot air
blower as shown in Fig. 2.

Table I. Condition of a cotton candy process

Detail Value
Collection time (min) 5
Screw speed (rpm) 5
Air Pressure (MPa) 0.5
Collector distance (cm) 60
Nozzle
Hot o\
ir outhet o |
( T A
S I A
Hot — - 5
air inlet | s
it
temperature
i 0 o I
-
L 4 E Control
] air pressure
- — o

Fig. 2. Melt jet spinning machine

C. Physical Propertied

1) Thickness

The non-woven sheet prepared was cut to size 1 x 1
cm for 10 pieces of each samples. The sample thickness
was measured using a Telclock Dial thickness gauge
SM 112P.

2) Weight of nonwoven

Weight of nonwoven samples was measured using
analytical balance in the unit of gram per square meter
using an Ohaus model Adventurer AR2140.

3) Scanning electron microscope (SEM)

The nonwoven samples were cut to 0.5 x 1 cm for
each products. Morphology of PLA fibers was observed
using SEM (JSM-6510) at accelerated voltage of 15 kV.
The sample was coated with gold for 15 min before
analysis. The diameter of fibers was measured using
image analysis software (Image J).

4) Burst test

The nonwoven sheet prepared was cut to size 10 x
10 cm for 5 picces of cach samples. The sample burst
test was measured using a M229P PnuBurst Bursting
Strength Tester.

D. Thermal property

Thermal analysis of the microfiber nonwoven
was recorded using a differential scanning calorimeter
(DSC200 F3, NETZSCH) under nitrogen gas flow, with
a heating rate of 10 °C min". The sample (~10 mg) was
placed into an alumina crucible. After the first heating
from 30 °C to 250 °C at a rate of 10 °C min™, heat was
maintained at 250 °C for 3 min, then cooled to 0 °C
with cooling rate of 10 °C min™ before the second step
heating. The thermograms of the second heating were
recorded. Glass transition temperature (T,). cold
crystallization temperature (T.), melting temperature
(T.), and heat of fusion (AH,,) were determined from
the second heating scans.

III. RERULTS aND DISCUSSION
A. Physical property
The physical property was measured for the samples of
PLA/PEG by measured the thickness, weight, and

diameter of nonwoven fiber. The results are shown in
Fig. 3 and Fig. 4.

1) Thickness and standard weight (gram per square
meter, GSM)

The thickness of samples prepared from nonwoven
fiber of PLA with PEG addition at different ratios as
shown in Fig. 3.
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Thinckness (mm)
-

Polyester  PLA 6100D 1wt% 3wt 5wt

k—r—}
PEG
Fig. 3. Thickness of PLA/PEG nonwoven fiber

Weight of non-woven (GSM)
o o
o O

Polyester  PLA 6100D 1wt% 3wt% 5 wtd
L
PEG

Fig. 4. Weight of nonwoven fiber PLA/PEG

It was found that thickness of nonwoven sheets
prepared decreased when the content of PEG increased
from 1 to 5 wt%. However, when the content of PEG
was more than 5 wt%. The thickness was extremely
decreased as shown in Fig. 3.

The effect of PEG on thickness and weight (gram
per square meter, GSM) of nonwoven was investigated.
It was found that thickness of all nonwoven sheets
prepared decreased with increasing content of PEG
from 1 to 5 wt%. The diameter of fibers decreased with
increasing content of PEG which resulted in decreasing
of sheets weight.

2) Morphology

The morphology analysis of PLA/PEG nonwoven
was shown in Fig. 5. The diameter analysis from SEM
image using the software (Image J) was shown in Fig, 6.
It was found that the diameter of nonwoven of
commercial polyester and PLA was 22.63 and 16.11
micron, respectively. Addition of PEG to PLA of 1, 3
and 5 wt%. the diameter of nonwoven PLA reduced to
12.43, 11.73 and 2.51 micron, respectively. The reasons
that the diameter of non-woven of PLA decreases may
duec to 1) the effect of air pressure that pulled the
multifilament from the air pressure point to the collector
resulted in stretching of the filaments before falling on
the collector, and 2) the polymer temperature decreased

from the die until reach room temperature and the state
of fiber changed from melt state to rubber state and to
glassy state (7, of PLA is 64.2°C which is higher than
room temperature). The results confirmed that PEG
acted as a plasticizer and decreased 7, of PLA [14.15].
PEG assisted more time of the fibers to be extended.

Fig. 5. SEM Image of nonwoven fiber of PLA with
different PEG content (a) Polyester (b) PLA6100D

Diameter (um)
- - ~
s & S

w

(c) 1 wt% (d) 3 wt% and (e) 5 wt%

0
1wt% 3wtk 5 wt%

Polyester PLA 6100D
L J

I
PEG

Fig. 6. Diameter of PLA/PEG fiber

B. Thermal property
1) DSC

Fig. 7 and Table II show thermal analysis of PLA
nonwoven with different PEG content. It was found that
T,, of PLA was not changed whereas T, decreased
obviously with addition of PEG. The results were in
agreement with the previous reports for the plasticizer
effect of PEG on PLA [16. 17].
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3% PEG

1% PEG

Endo down

/ = PLA 61000 A X

20 50 80 110 140 170 200
Temperature(°C)

Fig. 7. DSC Thermogram of the 2™ heating scan of
nonwoven of PLA with different PEG content.

Table II. Thermal Analysis of PLA/PEG nonwoven

7,0) | g | 7o)
Commercial
Polyester 270 B R
PLA 181.89 36.04 67.43
PEG 1 182.99 44.77 67.23
content | 3 182.90 43.99 62.88
(Wt%) |5 181.91 43.93 61.34

C. Mechanical property
1) Tensile strength

Fig. 8. shows results of tensile test of nonwoven of
PLA with different PEG content. Addition of PEG
reduced the mechanical property of PLA. However,
compared with commercial polyester the tensile strength
of PLA/PEG nonwoven is higher than the commercial
standard.

Tensile strenght (Mpa)
@
8

Polyester PLA 61000 1 wt% 3 wtd 5wt%

1
PEG

Fig. 8. Tensile strength of PLA/PEG nonwoven

2) Burst test

The results from Fig. 9, the nonwoven sheets of
PLA and PLA/PEG showed lower bursting strength
than commercial polyester. PLA/PEG nonwoven sheets

thickness was thinner than a polyester sheet which due
to smaller diameter of the cotton candy process fibers.

10
8
6
4 I

PLA 61000 1wtk 3wtk 5wt¥%

ﬁ—J

PEG

Pressure (bar)

~

=)

Polyester

Fig. 9. Bursting strength of PLA/PEG nonwoven

IV. CONCLUSION

The melt jet spinning or a cotton candy process has
been applied to produce the secondary backing part of
carpet using PLA as polymer material. PEG was added
to PLA to improve the potential of melt spinning
process and property of the non-woven. Addition of
PEG for 1, 3 and 5 wt% to PLA showed that the size of
the prepared nonwoven fiber was significantly reduced.
With 5 wt% PEG the tensile strength of PLA/PEG
nonwoven was higher than the commercial polyester.
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