maveamsaninlulnnusisalaeenlsaliudule

a Aac Gl a d' Y o % N A
wama‘naummwmmm"lmmagwa1°uﬂ1wsm1uuuﬂmsﬂ

EFFECT OF NANO-TITANIUM DIOXIDE ADDITION IN
RECYCLED POLY(ETHYLENE TEREPHTHALATE) FIBER FOR

ANTI-BACTERIA CARPETS

3ﬂﬂ1ﬁwuﬁdﬁgﬂudmﬁﬁwmmiﬁnmmuﬂé’ngm
Ryanimnssumansumadia @133 13aINIINAN
AzININTINMENS
unInendanalWlag NrNINATYLYS
Umsfnmn 2561

dvansveariIngnaanalulagNvIINasYY3



maveamsaninlulnnusisalaeenlsaliudule

a Aac G a d' Y o % N A
wamaﬂaummwmmﬂs"lmmame“l“umwmmmnmmiﬂ

"3m|1ﬁwuﬁ§sﬂudmﬂﬁwmmﬁﬁnymmﬂé’ngm
Rayanimnssumansumiadia a1vI¥IaInssen
AzININTINAMEAS
unInendenalWadNrNINasYLYs
Umsfnmn 2561

dvansvesriIngagmnalulagNvuINat Y3



Y a a a = L 9
HIVDINYTHNUD wmjaqmimuu1Tu‘lwmmﬂullﬂaaﬂllﬁmﬁlumuﬁla
a an = a A Y o Y = A
Wf]ﬁl’f)“l/laumlﬁV‘IVﬂLﬁﬂillcﬁlﬂaLW@GlGBﬂWWiiJﬂTULmﬂﬂL ]
Effect of Nano-Titanium Dioxide Addition in Recycled

Poly(Ethylene Terephthalate) Fiber for Anti-Bacteria Carpets

¥o — wnana WeANFY gRgvus
GREFLE IRINTTUIAL

¢a 7= ¢ a
91013871301 8191383510581 #9917, D.Eng.
= =<
Umsanmn 2561

a a J
AUSNIINNIIADUINYTIUNUD

.................................................................... 15LHIUNTTUNIT
1 d o a

({B0ManT19150FeAn AT2230, I9.9.)
.................................................................... NFTUNS

o a
(599 ans1361lszney Nalwen, Ph.D.)
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll ﬂijg\lﬂ’]j

d A A [} =

(01150AATA IUNT, 17.9.)
NITUAIT

o d a
(919159335103 WITHD19, D.Eng.)

[

a 4 a @ = = wvan a 2 f
AUSIAINTTUATNT uwnmmamﬂiuimiwmm 13 ’E)HNG]’J‘V]EHHWHﬁﬂ‘UUﬁ

< U & = @ v A
Lﬂuﬁjuwmﬂlmm‘iﬁﬂ‘hlmmwaﬂqmﬂ?mﬂgmwmmmw

a 4
ﬂmﬂaﬂﬂ!gﬁﬁ'}ﬂiihﬁWﬁﬁﬁ

({8 aA319156AIN5 819M04, Ph.D.)

]
v A

IUN 29 Lﬁﬂu fAR1NN W.A. 2561



v Y A a a =~ L Y
IV INNUNUD waﬂlmmimuuﬂu"lmmmau“lﬂaeﬂ"lcmclumucla

=

Aa aa ~ a A Y o Y =
W’E]aL@Vla‘LlL‘VILai"lﬂ’]laﬂiUl“MﬂaLWfJﬁlsﬁﬂ']W'ill@l']ul!’ﬂﬂﬂl ]

¥o — wnana wenudY gaEvus
v AINTINATLAL I
¢ 7= ¢ a
9113850 9191583310581 #8019, Ph.D.
Umsanmn 2561
(%4 v
unnaege

A X o a 9 a o A Aan
wwm“lﬂummmazmummwa@mmﬁu“lﬂwaamﬁm@iﬂizmwWamamummw

nuaa (PET) Taslutgiudruluaidluwdulonawedweifihnduinldlui (RPET) ms 14

k4
A

v v 9y
NUNTVAMIFURTAVANINIAZDUAN ¢ FINNIANUAIAFUNAAVUAUNT UL TINAADNT
a dy aa 9 I o Y o g’/
nawanuanizsuudu lensunaz azauiuszoznainu Mmlvigunnveansvanad AU
Y A 19 A A 9 ' 9 ~
WagunInvesnsy lasmsiinaisaeaiunuanzeadluduls RPET vs0lvinsul
a2 A 9
AUNNNAVULAZINUTLHZIIAIVOINT IHIUNTY
Y
a o a 4
nuIseidnuImaauu Tulnnutionlaeenlod (Tio,) Tuidule RPET 163 sud0e
A v a ' 2 ) s Iz 7 v
insessasanvuangguaziughdulonuuaetesnlsznon Tasumaosuungilsznoudie
9
RPET a2 TiO, $08ay 10 lagiiniin uagwauny RPET laslidSuia Tio, Sesas 1,2 uay 3
¥ o X < < 7 g
Tagiiiin yugiluwdulenuududunaznuvaesesilsznon Tasunuveuduleilu RPET
Aa I o 1 %’ o
pazAauuenilu RPET/TIO, Tusasidau 90/10, 70/30, 50/50, 30/70 Uag 10/90 1as1iniin
9y Y <3 9 <3 1 =
rdulogniunuAIsAINIET 500 LAY 1,000 NATABUIN
g a 7 Y s ) Y A v P a
NNIUARTIEHVINAEURUgUEna1uduledamailandesganssaituvesilinea
A Y 1 = 1 A W F) a o
uaznadouauiANIIMenIv laun Anunuasusas mmssadrveudule Teia Tugaauss
Y ' < 9 < Y Y ' J Y <3 =1 o
dule wun anuEr lumsmunudulegavinardurmuguanaavoadulaanad nMsizesdd
A 3 @ a 4
Yo TuanauazANUNULTIAUNLIY AN UIUURANINNITIATIZHAE x-rays diffraction
Y I [ . ~ = 4 1Y) 3}/ a a
(XRD) naaaldiviua Tio, jduvukdneuimanazg lna msnageumsdugimsnigann
== 1 A a A 9 4
voauuanFenuNNUszansnmgeluwaulounudesesnilsenou

o o a

an ~ a = 4
amdne : win weawnaummnass lmaa wilulnnutieylasenleq

=

J o & a a =
L%uiﬂﬁ@iﬁ]ﬁﬂﬂi%ﬂ@ﬂ ﬂTﬁEJ‘]JElﬁﬂﬁlﬂii‘llumﬂiﬁ"llﬂdlmﬂﬂl ]

©))



Thesis Title Effect of Nano-Titanium Dioxide Addition in Recycled

Poly(ethylene terephthalate) Fiber for Anti-Bacteria Carpets
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ABSTRACT

Carpets used in residence and office buildings are made from poly(ethylene terephthalate)
(PET) fiber. The polymer used in the recent years is recycled PET (RPET). Carpets are used in various
conditions including damp environment which results in occurring of bacteria on the carpet. This
drawback affects the quality of carpet. Therefore, the improvement of carpet quality by addition of
anti-bacteria substance to the polymer fiber will protect the growth of bacteria on carpet.

In this research, we studied the addition of nano-titanium dioxide (TiO,) to RPET and
extruded to fiber using a bicomponent extruder fed spinning machine. The master batch of RPET and
10 wt% TiO, was firstly prepared using a twin screw extruder. Then, the master batch was blended
with RPET with the TiO, content of 1, 2 and 3 wt%. The multifilament was prepared by bicomponent
melt spinning method with a single fiber and core/shell structure in which RPET was a core part and
master batch was a shell part. The ratios of core/shell components were 90/10, 70/30, 50/50, 30/70
and 10/90 by weight. The fiber was collected with winding seed of 500 and 1,000 m/min.

The size of multifilament was measured by cutting cross section of fiber and evaluates the
diameter using an optical microscopy technique. The mechanical property include tenacity,
elongation at break and sonic modulus of multifilament was evaluated. The high draw ratio resulted
in small diameter of fiber and molecular orientation and high tenacity was achieved. From x-rays
diffraction (XRD) analysis, it is clear that these TiO, can be classified as having standard anatase and
rutile structures. The inhibition of bacterial growth is more effective with the bicomponent fibers.
Keywords : recycled poly(ethylene terephthalate) (RPET), nano titanium dioxide (TiO,),

bicomponent fiber, anti-bacteria, carpet
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Titanium dioxide 1%wt

Winding
AH, AH
Speed  Core/shell T, (°C) T.(°C) T, (°C) X, (%)
(/g (J/g)
(m/min)
10/90 86.07 135.32 -23.47 263.02 36.09 25.76
500 50/50 87.56 136.10 -29.49 263.41 37.22 26.57
90/10 86.05 136.92 -24.35 261.38 39.28 28.03
10/90 85.56 130.92 -19.79 259.86 36.71 26.20
1000 50/50 87.22 133.80 -31.60 262.21 37.67 26.89
90/10 87.24 134.12 -23.56 263.07 40.23 28.71
Titanium dioxide 2%wt
Winding
AH, AH
Speed  Core/shell T, (°C) T.(°C) T, (°C) X. (%)
(/g (J/g)
(m/min)
10/90 85.51 133.43 -25.42 262.25 37.43 26.72
500 50/50 86.29 134.34 -25.17 261.95 38.55 27.52
90/10 86.01 134.80 -25.93 262.75 40.37 28.82
10/90 86.81 133.33 -22.11 262.32 37.80 26.98
1000 50/50 85.95 133.60 -22.22 261.87 39.88 28.47
90/10 85.55 134.38 -23.89 261.43 40.59 28.97
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500 50/50 86.55 133.66 -31.51 262.54 37.35 26.66
90/10 85.04 135.54 -25.69 262.34 41.21 29.41
10/90 84.66 128.90 -22.68 263.13 39.64 28.29
1000 50/50 86.10 130.73 -26.54 260.75 38.95 27.80
90/10 86.04 130.46 -22.48 261.74 36.82 26.28
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Abstract

Multifilament of recycled poly(ethylene terephthalate) (RPET) has been significantly used for carpet production.

To improve the utilization quality of the carpet, cffcct of addition of nano titanium dioxide (TiO-) to the multifilament on

anti-bacterial property was investigated. The TiO> compounded RPET was prepared using a bicomponent extruder fed

spinning machine. The effect of winding speed (500 and 1.400 m/min) and different TiO- content (1 and 3 wt%) on

mechanical property of multifilament was investigated. The master batch of recycle poly(ethylene terephthalate) and 10

wt% nano titanium dioxide was prepared using a twin screw extruder. Size of multifilaments was mcasured using an

optical microscopy technique. The effect of winding speed on tenacity, elongation and thermal property of multifilaments

was investigated. The tenacity of fibers increased with increasing winding speed whereas the thermal property was

unchanged regardless of the TiO2 content.

Keywords: Recycled poly(ethylene terephthalate) (RPET), nano TiO., Winding speed, Multifilament.

1. Introduction

Poly(ethylene terephthalate) (PET) is a polyester
which is widely used in the various applications such as
soft drink bottles, packaging. fibers, films and textile
applications. The extensive use and non-biodegradable
PET havc led to waste disposal problems of post-consumer
products. Chemical recycling is assumed to be one of the
best approaches to solve the accumulation of PET waste
problems [1-3]. PET is reportedly the most recyclable
commodity plastic, however only a small fraction of this
polymer is practically recycled, due to relatively high cost
of the recycled product [4]. Recycled PET (R-PET) is used
for a variety of applications. The extrusion of plastic
filaments from flakes of R-PET has received particular
attention in the technical litcrature, since it has been shown

that R-PET fibers can conveniently replace virgin plastic

fibers in a variety of engineering applications [5-8]. Giraldi.

el al. reported the intention to correlate thermal properties:

mechanical propertics and processing conditions of glass

fiber reinforced recycled PET composites for extrusion |9].
For the application of carpets that always touch with
several objects including dust. dirt, dampness which will
be a source of discasc and accumulation of bacteria.
Therefore, the development of materials for carpet with
anti-bactcria property will be uscful to carpet industry and
customer requirement.

The addition of additives to RPET is one of the
practical methods to produce the anti-bacterial filaments.
Titanium dioxide (TiO-) is one of the most studied metal
oxides for its many applications, such as photo-catalysis,
solar cells, biological (anti-bacteria) coatings, and sensors
[10-12]. For different applications. TiO: has been coated
onto various substrates through different deposition
techniques, e.g. spin-coating, dip-coating, cvaporation—
deposition, and sol-gel processing [13-15]. Peng F. ef al.
studied the bamboo fibet/HDPE composites/rutile nano-
TiO- composites and the effects of rutile nano-TiO: on the

weathering resistance of the composites and its mechanism
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were evaluated and analyzed from multiple perspectives
[16]. Most of TiO- applications rcportcd were coating of
nanoparticles on the surface of fibers which had limitation
of period of utilization. However, the improvement of
mixing process of TiO, with has not been reported.

In this rescarch we studicd the preparation process of
nano-TiOo/RPET bicomponent multifilament for the
carpet manufacturing. The master batch of RPET/TiO:
was prepared and fabricated to multifilament by melt
spinning process. The ecffects of winding speed of
multifilament melt spinning and nano-TiO: contcnts on

mechanical property were evaluated.

2. Experimental
2.1 Materials

The recycled PET (RPET) pellets recycled from
PET plastic bottle were supplied by Negoro Sangyo Co.,
Litd, Japan, with IV of 0.65 dl/g and molccular weight of
12,600 g/mol. Nano-Titanium dioxide (TiO-), P25 grade,

was uscd as received.

2.2 Master Batch Preparations

The RPET and 10 wt% TiO> master batch was
compounded by Salee Colour Public Co., Ltd. The process
mixed temperatures in the range of 260-270 °C. The
characterization of master batch shows bulk density of
0.85 g/em?, density 1.4 g/em® at 23 °C.

2.3 Multifiber preparation

Master batch (10 wt% TiO-/RPET) and RPET wcrc
first dried in an oven at 150°C for 5 h prior to processing.
The master batch and the RPET were processed by melt-
spun through 24 holes with diameter 0.5 mm per hole.
using a Scale Bicomponent Extruder Fed Spinning
Machine Model LBS-100, Hills, Inc., USA. The barrel
temperature was 270, 275, 285, 275 and 270 °C. The
multifilaments of RPET/TiO- were collected at winding
speed of 500 and 1400 m/min. The ratios of TiO-/RPET
calculated after mixed with the master batch were 0, 1 and

3 wt% (total weight 300 g) as shown in Fig. 1.

Fig. 1 Multifilament of RPET with TiO- content
(@) 0 wt%. (b) 1 wt% (c) 3 wt%
(Winding speed of 500 m/min)

2.4 Optical Microscopy (OM)

The multifilament was cross section cut and
subjected to analyze by optical microscope with 10 times
magnification. The fiber diameter was measured using a

size analysis program.

2.5 Thermal property

DSC scans were recorded on a differential scanning
calorimeter (DSC800, Perkin Elmer) in inert atmosphere
(nitrogen). with a heating rate of 10 °C/min. The samples
(~10 mg) were placed into alumina crucibles. After the
first heating 30 °C to 300 °C at a rate of 10 °C/min, hold
at that temperature for 3 min, then cooled to 30 °C with
cooling rate of 10 °C/min, hold at that temperature for 3
min, then heating to 300 °C at a rate of 10 °C/min before
second step where the samples were heated again and
thermograms for second heating were recorded. Glass
(Te). cold

temperaturc (7.). melting temperature (7,,). and heat of

transition  temperature crystallization
fusion (4l7,,) were determined from the second heating

scans.

2.6 Tensile properties

The tensile strength measurement with standard
ASTM D 3822 01 was carried out. The diameter (Denier)
of fibers collected from winder with different speed of 500
and 1.400 m/min, were measured using a Fiber Fineness
by winding 9 rounds and the weighed with 4 digits. The
diameter measurement was carried out 3 times for each
sample. The values received were calculated the size of
fiber compare with weight (g) of fiber 900 m length. The

data will be parameters of tensile strength of the fibers.
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The fibers were prepared with C-Camp shape with
length of 2.3 cm. 10 Samples of each fiber were analyzed.
The samples were subjected to tensile strength test using
50 kN load ccll. The gatc Iength is 250 mm and winding
speed of 50 mm/min.

3. Results and discussion
3.1 Optical Microscopic (OM) image and Diameter of
multifilament of RPET

Xt o B
i “.ﬁZ‘i’:‘- e
gﬁ ) ‘ '&“.3}'}. &,

LT e

Sl

99892009
"’{x.")‘r"t‘"‘«

Fig. 2 OM image of multifilament of RPET with different
TiO- content and winding speed
(a) without TiO> (b) TiO> 1 wit% (c) TiO> 3 wi%

Fig. 1 shows the RPET multifilament with different
TiO: contents. The RPET multifilament without TiO- is
whitc and glossy. Addition of TiO, resulted in cloudy
filament. The fiber was winding at different speed of 500
and 1400 m/min and different TiO» content of 1 and 3 wt%.
The fiber was cut by cross section o analyze by optical
microscope. The results are shown in Fig. 2. The size of
fiber at winding speed of 500 is larger than that of 1400
m/min. The diameter of fibers from Fig. 2 was measured
and plotted as shown in Fig. 3. The RPET multifilaments
without addition of TiO- drawn at speed 500 m/min had

diameter of 27 pm. Diameter of fiber decreased when
increasing the speed to 1400 m/min. With draw ratio spced
of 1400 m/min the fiber diameter decreases to half of the
speed of draw ratio 500 m/min. Addition of TiO- to fiber
gave the higher diameter due (o the TiO- particles may

impede the extensibility of the fiber.

Fig. 4 1st heating thermogram of multifilament of
RPET/TiO:

Table 1 Thermal analysis (DSC) of multifilament of

RPET/TiO-
Speed i B T e T Aty 9%aXe
(wt%)

0 | 869 | 136z | 29 | 226 | 5 | 217

500 T 854 | 1338 | 233 | 2602 | 365 | 270

3 887 | 1330 | 204 | 2643 | 251 55

0 | 861 | 1305 | -161 | 2586 | 241 177

1400 [ 1 §58 | 1288 | 217 | 2592 | 268 | 197
3 847 | 1270 | -168 | 2637 | 215 158

DSC measurements were carried out on RPET/TiO-
prepared with drawing sped of 500 and 1400 m/min. A
heating run was performed from 30 °C to 300 °C at a ratc
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of 10 °C/min. The percent of crystallinity, Y. for all RPET
samples was calculated from Eq. 1:

AH, -AH,,

X, (%)= —Zee %100

Where AH, = 32.5 cal/g. is a heat of fusion of a 100%

crystalline PET and AH _is 0. The calculated percent of

crystallinity of all samples are shown in Table 1. It has been
reported that % crystallinity of virgin PET is 49%. From
Table 1 all RPET samples present low % crystallinity. The
results also show contrary effect of % crystallinity and the
elfect of drawing speed. With 1400 m/min drawing speed.
the crystallinity of polymer decrcased. Addition of 1 wt%
of TiO-, the crystallinity of polymer increased while the
higher content may lead to particle agglomeration.
3.3 Tensile properties

Fig. 5 shows tenacity of multifilament of RPET
without and with TiO-. The tendency of [ibers tenacity was
clearly observed. The tenacity of multifilament increased
with increasing the winding speed from 500 to 1,400
m/min as well as addition of TiO.. The drawing speed
resulted in well orientation of polymer molccules which
resulted in higher strength. Due to TiO, showed effect of
nucleating agent, small amount of TiO- will enhance the
crystallinity of the fiber molecules. However, increased
content of TiO: to 3 wt% the tenacity was not improved
due to agglomeration of high content TiO- particles. For
the winding speed of 500 m/min when increased TiO-»
contents, the tenacity reduced as a result of TiO- particles

in matrix may by agglomerated.

Winding Speed(m/min)
81400

Tenacity (cN/Otex)

o 1 3
Ti02 content (wi%)

Fig. 5 Tenacity of multifilament of RPET/TiO>

Winding Spoed(m/min)

% Elongation

TI0Z content (wt)

Fig. 6 Elongation at break of multifilament of
RPET/TiO-

Fig. 6 shows elongation at break of multifilament
of RPET/TiOx. It was found that incrcasing winding spced
to 1400 m/min the elongation of fibers decreased
regardless of without or with addition of TiO.. The %
clongation at break reduced when TiO: was added in RPET
matrix duc to TiO» is a rigid material that changed

morphology of fiber from soft phase to hard phase.

4. Conclusion

The effect of winding speed and addition of TiO»
on mechanical property of multifilament of recycled
poly(ethylene terephthalate) (RPET) was investigated. The
winding speed was varied at 500 and 1400 m/min and
addition of TiO- content on RPET matrix was 1 and 3 wt%.
The winding speed showed effect to the fiber size. The
diameter of fiber was reduced duc to orientation of fiber
molecules that extended during drawing. However,
addition of TiO- resulted in increasing of the fiber diameter
because the additive particles may obstruct the extension
of polymer molecules. Winding spced shows cffect to
tenacity of multifilament. At high winding speed. high
tenacity of fiber was observed. The elongation at break of
fibers reduced with addition of TiO- in RPET matrix due
to its rigid phase.
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Effect of nano Titanium Dioxide (TiO2) Addition on
Mechanical Property of Recycled Poly(ethylene
Terephthalate) (RPET) Fiber

Komson Sunyikhan', Nanjaporn Roungpaisan’, Natee Srisawad®, Takanori Nagoro’, Weraporn Pivsa-Art'*

'Department of Chemical and Materials Engincering,
*Department of Textile Engineering,
Faculty of Engineering, Rajamangala University of Technology Thanyaburi, Pathumthani, 12110, Thailand
*Negoro Sangyo Co., Ltd., Sakai-shi, Osaka, 592-8352, Japan
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Abstract—Multifilament  of recycled poly(ethylene
terephthalate) (RPET) with addition of nano titanium
dioxide (TiO:) was prepared using a bicomponent extruder
fed spinning machine. The effect of winding speed (500,
1000 and 1,400 m/min) and different TiO: content (1, 2, 3
wt%) on mechanical property of multifilament was
studied. The master batch of recycle poly(ethylene
terephthalate) and 10 wt% nano titanium dioxide was
prepared using a twin screw extruder. The size of
multifilament was measured by cut cross section of fiber
and evaluates the diameter using an optical microscopy
technique. The mechanical property including tenacity,
elongation at break and sonic modulus of multifilament
was evaluated. The winding speed showed effect on
tenacity of multifilament. The high draw ratio resulted in
small diameter of fiber and molecular orientation and high
tenacity was achieved.

Keywords—; Recycled PET, nano TiO,, Multifilament
I. INTRODUCTION

Recycled PET (R-PET) is used for a variety of
applications. The clear, higher grade pellets and flakes are
primarily used for the food packaging industry. But the {lakes
that cannot apply for food contact. or coloured flakes are used
for coloured applications. The recycling of PET is far from a
straight-forward process duc to contamination can result in the
downgrading of the material.[1] Research on the development
of recycled PET-based materials is of great interest in order to
maximize the exploitation of urban solid waste and to produce
materials with favorable properties and prices [2]. Fraternali, F.
et al. reported a study on mechanical properties of recycled
poly(ethylene  terephthalate)  fibre-reinforced  concrete
(RPETFRC) and its durability in an aggressive scawater
environment [3]. Santos, R.P.O. e/ al. reported a preparation
mats of ultrathin and nanoscale fibers from the electrospinning
of lignocellulosic sisal fibers and recycled PET [4]. Dehghani,
A. et al. studied a development of a recycled poly(ethylene
terephthalate) (PETT) reinforced with surface treated date palm
Ical fiber (DPLF) compositcs with enhanced mechanical
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propertics have been studied [5]. For the application of carpets
that always touch with several objects including dust. dirt,
dampness which will be a source of disecase and bacteria
accumulation. Therefore, the development of materials for
carpet with anti-bacteria property will be useful to carpet
industry and customer requirement.

The addition of additives to RPET is onc of the practical
methods to produce the anti-material filaments. Titanium
dioxide (TiO-) is one of the most studied metal oxides for its
many applications, such as photo-catalysis. solar cells,
biological (anti-bacteria) coatings, and sensors [6-9]. For
different applications, TiO. has been coated onto various
substrates through different deposition techniques, e.g. spin-
coating, dip-coating, evaporation—deposition. and sol-gel
processing [10-13]. Xia J.H. et al. studied a preparation of
cotton fibers nano-TiO> compositcs by as-asscmbly process
and reported that the photocatalytic activities (Titanium dioxide
nanoparticles (nano-TiO-) in the anatase form are an effective
type of photocatalyst. They efficiently absorb solar energy to
produce active superoxide anions and hydroxyl radicals, which
can decompose the organic and biological species. Nano-TiO-
is utilized by the textile industry to producc clothes with
excellent anti-bacteria and anti-fungus properties [14]. Most of
TiO: applications reported were coating of nanoparticles on the
surface of fibers which had limitation of period of utilization.
However, the mixing process of TiO- with fibers has not been
reported.

In this rescarch wec studicd the preparation of nano-
TiO»/RPET multifilament for the carpets. The master batch of
RPET/TiO2 was prepared and fabricated to multifilament by
melt spinning process. The effects of winding speed and nano-
TiO; contents on mechanical property were evaluated.

II. EXPERIMENTAL

A. Materials

The recycled PET (RPET) pellets recycled from PET
plastic bottle were supplied by Negoro Sangyo Co., Ltd, Japan,
with IV of 0.65 dl/g and molccular weight of 12.600 g/mol.
Nano-Titanium dioxide (TiO;). P25 gradc. was uscd as
received.
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B. Master Batch Preparations

The RPET and 10 wt% TiO- master batch was compounded
by Salee Colour Public Co., Ltd. The process mixed
temperatures in the range of 260-270 °C. The characterization
of master batch shows bulk density of 0.85 g/cm®. density 1.4
g/em? at 23 °C. Fig. 1(a) shows pellets of RPET before mixed
and Fig. 1 (b) RPET/TiO2 master batch after mixed.

C. Multifiber preparation

Master batch (10 wt% TiO-/RPET) and RPET were first
dried in an oven at 150°C for 5 h prior to processing. The
master batch and the RPET were processed by melt-spun
through 24 hole which diameter 0.5 mm per hole. using a Scale
Bicomponent Extruder Fed Spinning Machine Model LBS-
100, Hills, Inc., USA as shown in Fig. 1. The barrcl
temperature was 270, 275, 285, 275 and 270 °C. The
multifilament of RPET/TiO2 were collected at winding speed
of 500, 1000, and 1400 m/min. The ratios of TiO2/RPET
calculated after mixed with the master batch were 0, 1, 2 and 3
wi% (total weight 300 g).

Fig. 3 Multifilament of RPET with TiO- content
(@) 0wt%, (b) 1 wt% (c) 2 wt% (d) 3 wt%
(winding speed 500 m/min)
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D. Sonic Modulus

The molecular orientation analysis was carried out using a
Dynamic Modulus Tester DMT PPM-5R, LAWSON-
HEMPHILL, INC. The fiber sample was prepared with length
50 cm. The fiber was placed across a vibration detector and
measured with different lengths 200, 190. 180, 170, 160 and
150 cm. The transducer and the DMT software calculate a
sonic modulus.

F. Tensile properties

The tensile strength measurement with standard ASTM D
3822 01 was carried out. The diameter (Denier) of fibers
collected from winder with different speed of 500, 1000 and
1,400 m/min, were measured using a Fiber Fineness by
winding 9 rounds and the weighed with 4 digits. The diameter
measurement was carried out 3 times for each sample. The
values received were calculated the size of fiber compare with
weight (g) of fiber 900 m Iecngth. The data will be paramcters
of tensile strength of the fibers.

The fibers were prepared with C-Camp shape with length
2.3 cm. 10 Samples of each fiber were analyzed. The samples
were subjected to tensile strength test using 50 kN load cell.
The gate length is 250 mm and winding speed 50 mm/min.

G. Optical Microscopy (OM)

The multifilament was cross section cut and subjected to
analyze by optical microscope with 10 times magnification.
The pictures were measured the fiber diameter using a size
analysis program.

III. RESULTS AND DISCUSSION

A. Optical Microscopic (OM) image and Diameter of
Multifilament of RPET

Fig. 3 shows multifilament of RPET with different TiO»
contents. The RPET multifilament without TiO2 is white and
glossy. Addition of TiO. resulted in cloudy filament. The
multifilament was winding at different speed of 500, 1000 and
1400 m/min. The fiber was cut by cross section to analyze by
optical microscope. The results arc shown in Fig. 4. The
diameter of [ibers from Fig. 4 was measurcd and plotted as
shown in Fig. 5. It was found that the RPET multifilament
without TiO-> drawn at specd 500 m/min had diameter of 27
pm. Diameter of fiber decrease when increase the speed of
draw ratio to 1000 and 1400 m/min. With draw ratio speed of
1400 m/min the fiber diamcter decreases to half of the speed
of draw ratio 500 m/min. Addition of TiO: to fiber gave the
higher diameter due to the TiO, particles may impede the
extensibility of the fiber.

BACK TO CONTENT

137



13" Eco-Energy and Materials Science and Engineering Symposium, Udonthani, Thailand, 1-4 December 2016

: !A"“‘\:&‘ ¥ i

Fig. 4 OM image of multifilament of RPET/TiO-

500 m/min
31000 m/min
1400 m/min

Diameter (um)

TiO2 content (wi%)

Fig. 5 Diameter of multifilament of RPET/TiO
B. Sonic Modulus

Sonic modulus is determincd using the resonant
frequency in the flexural modc of vibration. The sonic modulus
indicates the arrangement of fiver molecules. Fig. 6 shows the
sonic modulus of multifilament of RPET with TiO,. It was
found that with TiO- content has no significant cffect on the
sonic modulus of fiber. With 3 wt% of TiO2 the sonic modulus
decreased due to the agglomeration of particles in matrix. The
results are in agreement with the tenacity measurement.

Fig. 6 Sonic Modulus of multifilament of RPET/TiO-

C. Tenacity properties

Fig. 7 shows tcnacity of multifilament of RPET
without and with TiO>. The tendency of fibers (enacity was
clearly observed. The tenacity of multifilament increased with
increasing the winding speed from 500 to 1,400 m/min as well
as addition of TiO.. The drawing speed resulted in well
orientation of polymer molecules which resulted in higher
strength. Duce to TiO- showed cffect of nucleating agent, small
amount of TiO2 will enhance the crystallinity of the fiber
molecules. However, increased content of TiO- to 3 wt% the
tenacity was not improved duc to agglomeration of high
content TiO- particles. For the winding speed of 500 m/min
when increased TiO: contents, the tenacity reduced as a result
of TiO» particles in matrix may by agglomerated.

25
Winding Speed(m/min)
m500 £1000 1400

20
"
§ 15 §
z \
j .
g0 §
05 §\\
§
0.0 &

TiO2 content (wt%)

Fig. 7 Tenacity of multifilament of RPET/TiO>
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Winding Speed(m/min)

TI02 content (wi%)

Fig. 8 Elongation at break of multifilament of RPET/TiO-

Fig. 8 shows Elongation at break of multifilament of
RPET/TiO-. It was found that at winding speed of 500 m/min
show clear results comparc between RPET without TiO» and
RPET with TiO.. The % elongation at break reduced when
TiO>was added in RPET matrix due to TiO: is a rigid material
that changed morphology of fiber from soft phase to hard
phase.

IV. COCLUSION

The effect of winding speed and additive on mechanical
property of multifilament of recycled poly(ethylene
terephthalate) (RPET) was investigated. The winding speed
was varied at 500, 1000 and 1400 m/min and addition of TiO,
content on RPET matrix was 1. 2 and 3 wt%. The winding
speed showed effect to the fiber size. The diameter of fiber
was reduced due to orientation of fiber molecules that
extended during drawing. However, addition of TiO- resulted
in incrcasing of the fiber diameter becausc the additive
particles may obstruct the extension of polymer molccules.
Winding speed shows effect to tenacity of multifilament. At
high winding speed. high tenacity of fiber was observed. The
elongation at break of fibers reduced with addition of TiO- in
RPET matrix due to its rigid phase.
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