MONOFILAMENTS OF THERMOPLASTIC POLYURETHANE
ELASTOMER REINFORCED WITH THERMOTROPIC
LIQUID CRYSTALLINE POLYMER

SUWAT NANAN

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF SCIENCE
(PHYSICAL CHEMISTRY)
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY
2003

ISBN 974-04-4084-3
COPYRIGHT OF MAHIDOL UNIVERSITY



Fac. of Grad. Studies, Mahidol Univ. Thesis / v

9 A o a a A a a L=
LﬁuiﬂlﬂEJ'JGU’ENEJNL‘V]’E)ﬁilfJWﬂﬁWIﬂWfJﬁgﬁLWULﬁiﬁJLLiQIﬂﬂW@ﬁLN@iWﬁﬂLﬁﬁ?

(MONOFILAMENTS OF THERMOPLASTIC POLYURETHANE ELASTOMER
REINFORCED WITH THERMOTROPIC LIQUID CRYSTALLINE POLYMER)

aing uniud 4436213 SCPC/M

a J.

.. (IAIFIAAN)

E4

a a 4 d a a A o @ Q(w
AUSATIUMIAIVANINYIUNUS : 1812308 auasw, Drrer.nat,, NI¥Y susAnA¥y, Ph.D.,
a o & an 4
WUANA ASATUNS, Ph.D.

UNAAED
18w5on su-ay aeulwdn MnvedmesNauszHINeUNDVONMIEANNEALTINY (TPU) MU Mo

a s S a s a A o a A
ﬁ!ilﬂiWﬁﬂWm'J (TLCP) “?QL‘]J‘L!Iﬂ‘WE]miJ@i‘U@Q w757-"lamaﬂ¢§!,uu1%ﬂua%ﬂ (HBA) ﬂuwamwwﬁummswmmw

v
Aas

o | 3 & o { . o
(PET)  (@asdmTnelua 60/40) Tasvugihilududase (extruded strand) nazidwlendon (monofilament) Maii3s
~ = ~ A M H V2 a o
wssudulaon aewuude nuudw@ed (one-step) tazuUAITU (two-step) IdAnbIMgAnTIUNTEIE, daigiu
Fnen, auiaFana tazauianuieuvesnenIndn
o A A as a s " A a = ' =
NIM3IanNunia laain3ed3 1oMos D UIAUGUUIUNQUNYY 223 odfisaIbad TUF1AN 0.6-200

a a a

" a ' a s ' a 7 o a
Lilaﬂuﬁ@')u?ﬁ NWUN WaammNﬁﬂmmﬁmmwﬁﬂqammaagimu ﬂ']imlle]ﬁLllﬂﬁWﬁﬂlﬁﬂﬂﬂﬂﬁ’ﬂ'ﬂnﬁﬁﬂﬂlﬂQW@ﬁ
v s Y ! '
Lﬂﬂ{WﬁNﬁﬂaQ LLﬁzﬁﬂWi"lﬂ'J"lﬂ'ﬂllWﬁﬂﬂlﬂQW@amﬂ{Uiq‘ﬂﬁ‘ﬂﬂﬁﬂﬂ ﬂamwﬁﬂmmwaama‘fwﬁﬂmmaﬂauﬁmwu
4 o < A A a a ¢ [ S 4 o A
ANUDUBINIIIA Iummz‘nﬂamwuﬂEuaawaagimuuazwaamaswammmz"lmuﬂummmnsumm‘nﬂ I‘Hﬂ'ﬂiJI‘Wﬁ“V]
A A Y oA o ' a s = ST Aa Y s 1 a 1
NIATINUVUNTUDATAUUNDIN ‘Wf]mllEliWﬁﬂﬂ’iﬁ’Jﬂi3ﬂ1‘(’JL‘]Ju!MﬂﬂﬁMﬂNﬂluTﬂLﬁuWTﬂuﬂﬂﬂ'N |lillﬂ“hl 3 'lﬂmmm alu
9 A A a b ' a s = ' IR 9 o a s = '
Lﬁuiﬂ!ﬂﬂ’)ﬂmiﬂﬂllﬂ“ﬂﬁﬂﬂﬂlu wmmﬂamaswaﬂmaamu“lﬂq;tﬂumﬂﬂamm:wuLauslﬂﬁuc]mmwaammwaﬂmmag
9 5 9 A A a o a a s = Ao ' ' 9 .
UN ﬁmi’uLﬁulmﬂmmmﬂmmmummwuLﬁulﬂwaammwaﬂmmwmmmaummmmammmN (aspect ratlo)
a A ¢ 9= Vo 99 o N { ' o & o s oA
’GIQ ﬂﬁmll‘l/‘lf]mil?]iNﬁﬂn’iﬁ’)"lf’ifl‘lﬂﬂ‘l"illﬂ@'ﬂﬁﬂ]f)Qﬂ?]iJIWﬁ‘IﬂL‘WlIGUHIﬂﬂLﬂW1$ﬂ1§Jﬁ)@'a’d1ﬂﬂWﬂ’JHJLﬂSEJﬂ (stram) AMUUND
1a H Y v A 9% A A A a v o = 1 wa a
|hJ!.‘fTL.! 100% m’LutﬁuammaMn’Lﬂmm LN@LWN’QNWQNINT“TJW‘]JH 50 1ag 80 DI UYALIFYT WUNTNUABING

A Aa a s = g o ' a A A q o A o wa et A
Yeeneu InanmuneamesHanvan NEIANNAIFINNUINDAYITINU wWaldaeu Inan densauiinvesenaniinsau

€

' X ' a H a a s { a ' a
714 fAelimmsAuglanmsaa (tension set) iy 30% 1u  USinmwedweswammaiidy linasiu 20% Tag
S W s ]y ~ ' a wa a s S A A ' Y oA
Wminuazegnialdnnueiealiny 200%  auidadnaveudula@eiviounuuduReilingainveudusaia
o A A a S A o~ o 1 A o a ¢
wazidula@enwssunnuae sty ienlssuiieu a daau@erfuusanoamesHay

o wa a wa G o {
WaINMIIaauliamanatuunada (DMA) uandliiiiuinwegdaazan (storage modulus) vodiduleide)

a

A o S a ' a = =~ o 2 A a a s = d o
NATYNLLVVUVULAYD Iuﬁﬁﬁﬂqmﬁﬂuﬂ -80 D9 150 DA UFQLHEN Nﬂ']!WlJ’LIQﬂ]HLNE]LG]NW@ﬁHJ@iWﬁﬂlﬁﬁ'} 10% Iﬂﬂu']ﬂuﬂ

o an 4 , S PV o "o ) , a ¢ <
'E]uV]Sﬂiﬂ1ﬁ§@ﬂﬁﬂ§$ﬂ?1ﬂﬁuwgﬂﬂullJaWﬂ !Lagﬂ1@Gl51ﬁ?uﬂ31ﬂﬂ13ﬁﬂﬂ31ﬂﬂ'g1\1mﬂﬁLguiﬂW@aLNﬂiWﬁﬂ!waqﬂﬁﬂ’nﬂ

T A A ' ' v
1Nﬁﬂ1lﬁﬂﬂﬂﬂﬂﬂ1iﬂ5$%1ﬂﬂ11u%’3\1ﬂ31\3

188 wih . ISBN 974-04-4084-3




Fac. of Grad. Studies, Mahidol Univ. Thesis / iv

MONOFILAMENTS OF THERMOPLASTIC POLYURETHANE ELASTOMER
REINFORCED WITH THERMOTROPIC LIQUID CRYSTALLINE POLYMER

SUWAT NANAN 4436213 SCPC/M

M.Sc. (PHYSICAL CHEMISTRY)

THESIS ADVISORS : SAUVAROP LIMCHAROEN, Dr.rer.nat.,
TAWEECHAI AMORNSAKCHALI Ph.D., TOEMSAK SRIKHIRIN, Ph.D.

ABSTRACT

In-situ composites were produced from an immiscible blend of a thermoplastic liquid
crystalline polymer (TLCP), a copolyester of 60/40 mole ratio of p-hydroxybenzoic acid
(HBA) and polyethylene terephthalate (PET), and a thermoplastic polyurethane elastomer
(TPU) in the form of extruded strands and melt spun as monofilaments. The composite
monofilaments were prepared by one-step and two-step methods. Rheological behaviors,
morphology, mechanical and thermal properties of the composites were investigated.

Rheological measurements performed on a plate-and-plate theometer at 223 °C with a
frequency sweep mode from 0.6 to 200 rads™ revealed that TLCP had higher viscosity than
TPU. Incorporation of TLCP caused a drop in viscosity to values lower than those of the two
neat components. The flow curve of TLCP exhibited relatively strong shear-thinning behavior
while those of neat TPU and the blends were almost independent of the shear frequency. In all
composite strands, the TLCP phase mostly appeared as droplets with the diameters up to 3
pm. Composite monofilaments prepared by two-step method showed TLCP droplets with
some short TLCP fibers, while fibrillar structure of TLCP dispersed phase with high aspect
ratio (length-to-width) were observed in composite monofilaments prepared by one-step
method. Addition of TLCP into TPU could improve the tensile modulus especially in the
low-strain region (< 100% strain) in all composite strands and monofilaments. Measurements
of tensile properties at 50 and 80 °C also revealed that the moduli of the composite strands and
monofilaments (one-step) were higher than that of neat TPU. To maintain the elastic
properties of the composites, i.e. the set value < 30%, the amount of TLCP should not exceed
20 wt% under the applied deformation < 200%. The tensile properties of monofilaments
prepared by one-step method were higher than those of strands and monofilaments prepared
by two-step method when compared at the same blend composition.

The result from dynamic mechanical analysis (DMA) revealed that the storage
modulus (E’) of monofilaments (prepared by one-step method), in the temperature range from
-80 to 150 °C, increased when 10 wt% TLCP was added. The improvement in storage
modulus of 10 wt% TLCP monofilament at 25 °C was about 82% over that of TPU
monofilament. The composite modulus, calculated by Halpin-Tsai equation, of 10 wt% TLCP
composite was much higher than the measured value. This difference might be due to the
imperfect interaction at the interface and the broad distribution of fiber aspect ratio values in
the real system.

KEY WORDS : IN-SITU COMPOSITE/ MONOFILAMENTS/ THERMOPLASTIC
POLYURETHANE ELASTOMER/ THERMOTROPIC LIQUID
CRYSTALLINE POLYMER

188 P. ISBN 974-04-4084-3




