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Abstract

Hot stretching focused on the improvement of properties of poly(L-lactic acid) fiver.
Some aliphatic polyesters are biodegradable under microbial attack and the new unique
applicadons are expected. Gezerally, these materials have a somewhat low melting
temperature and low mechanical properties compared with the aromatic polyesters. In this
study, melt-spinning of poly(L-lactic acid) was conducted.

Wa mvestigated effects of the stretching and the molecular orientation of akphanc
polyester fibers on the change of fine-structure. Giass transition temperarurs, molecular
orizntation and crystallinity increased according to the increase of stretching ratio.

Introduction

An aliphatic polyester, poly(L-lactc acid)(PLLA) produced by fermentation of glucose
or sucros2 h s been used as resorbable materials in medical pracrice. PLLA has besn
currently recognized as a suitable material for packaging and consumer goods, due to its
several preferable properties. such as mechanical strength, transparency, safety, and
degradability in compost. Especially, the biodegradable feature has received much
attantion from the environmental viewpoimnt. In the point of view of clothing and texrila
mdustry, aliphatic polyester fibers don’t occur environmental probiems, such poisonous
gases after destruction by fire, air-pollution and acid rain as synthedc polyester fibers.

Even as superior properties, melting temperature and mechanical properties of PLLA
is lower than aromatic polvestars, such as polvethylene terephthalate and polybutylene
terephthalate. In this study, we focused on thz improvement of properties of aliphatic
polyester fiber by the melecular orientation. At first, melt-spinning of PLLA was
conducted and effects of the stretching and the molecular orientarion of PLLA fiber on the

change of fme-structurz were nvestigated.
Experimental

Materials
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Aliphatic polyester, poly(L-lactic acid)(PLLA) offered fom Shimazu(Japan) Co. was
used. Glass transition and melting temperarure of PLLA pellets were §7° and 175 °C,
respectively.

Fiber preparation

Melt-spinning of PLLA was done by an single screw extruder and spinneret,
Temperature of spinneret was 210 °C and the extruded fibers were cooled with 15°C
cooling water and winded.

Stretching

Hot stretching of the unorientad fibers were conducted by a streching machine(Japan,
Orientec TOYO). Stretching temperature, speed and torc were 75°C, $0mm/min and 8
+0.1kgf, raspectively.

We used A as strerching ratio, and was calculated from fibers length before, L1 and
after strerching, L:. by the following equation.

A =L/L

Analysis of Structure and physical properties

Differential scanning calorimetry(Japan, Rigaku, DSC 8230) was used in measuring
thermal property of the stretched PLLA fiber. Wide angle X-ray Scattering(WAXS) test
was conducted on processed PLLA fivers to investigate molecular orientation of
crystalline regions. Density measurements were done with a density ¢olumn made of
aquous NaBr and TPA as a wetting agent at 25°C.

Dyramic viscoelast:c measurement(Rheovitron DDV-I-EA) and Tensiion(Japan,
Orientec) were used for measurement of mechanical properties.

Result and Discussion

Stretching behavior of PLLA fiber

From WAXS vhotographs, the axtruded PLLA fibers turned out to be non-orieated.
Befors stretching, stress-strain curves of PLLA fiber were given from tensile testing in
50-80°C. The yisld was seen to the temperature, 70°C. As seen m Fig. 1, yield stress and
yield strain changed with increase of stretching temperature, We decided on a stretching
temperature of 73°C from results of tensile test. The limit of stretching ratio at 75°C was
A~45

Orientation and crystallinity of molecular chain
The orientation of crystalline region turned out more and more higher along stretching

ratio from X-ray diffractometer photographs of PLLA(Fig. 2). Also in density test, densiry
and oriearation degras of PLLA fiber increased along stretching ratio(Fig. 3).
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But distnguishabie differsnce of melting terperaturs was oot e in DSC
thermographs(Fig. 4).
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Mechanical properties

Strass-strain curve of the stretched PLLA was shown in Fig. 6 and 7. Yield phenomenon

eom at lower siretched ratio disappearsd abeve A=3.2. Tensile strezgth(both break and
yield) showz distinguishatle increase along stretching ratio. It was considerad that
randomiy oriezted crystals sransformed mto crystals oriented along the sretching
direction.
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Dynami. viscoelastic measurement

Time dependence of dynamic viscoelastic measurement by Raeovibron on stretched fiver
was mvestigatad. a-disperse peak temperature based on glass transition mcreasad with
sirecching ratio, and tension of amorphous region of molecular chain by stretching was
founded. Ir dvmamic storage modulus, distinguishable differenca was shown in Fig. 8.
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Conclusion

Efects of the stretching and the molecular orientation of
change of fne-structure are as follow

(1) Stretchicg temperarurz, 73°C was affactive to change fine-structurs of PLLA fibers.

(2) With increase of stretching ratio, crystalline degree almaost decrsased more and more.

(3) From X-ray photographs, higher orientation of crystalline region was showa with
strerching ratio.

(4) Stretched foers shown improvemesn
fiber.

(S) It was comsicerad that str

aliphatic polyester fibers on the

t of tensile strength compared with unstrarched

etched fibers had consideratle storage modulus until melting
texperatur: Tom dynamic viscoelastic measursment of temperature change.
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