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Abstract Cells may be damaged under long-term exposure

to ultraviolet (UV) rays; hence, titanium dioxide has been

used to produce polyester (PET)/titanium dioxide (TiO2)

UV-resistant fibers using the melt-spinning method. This

study employed the Taguchi method and the technique for

order preference by similarity to the ideal solution (TOPSIS)

to plan the melt-spinning process parameters in to save

experimental costs and time. Both the Taguchi method and

TOPSIS could effectively obtain the mechanical character-

ization of PET/TiO2 UV-resistant fiber and replace the ori-

ginal 19,683 groups of experiments with 27 groups. The

analysis of variance and response surface methodology found

that the key factors for the quality attributes of PET/TiO2

UV-resistant fiber are the die temperature and the winding

speed. By controlling these factors, the mechanical charac-

terization of PET/TiO2 UV-resistant fiber could be effec-

tively enhanced. The optimal conditions and quality

characteristics obtained by the proposed method are in the

95 % confidence interval, proving the reliability of this

study. The PET/TiO2 UV-resistant fiber, obtained under the

best conditions, could effectively absorb both UVA and UVB

radiations, and thus be applied in sports leisure clothing,

umbrellas, work uniforms, hats, tents, curtains and other

products. The results also proved that the method could save

experimental costs and time, which meets the world trends of

energy saving and carbon reduction.
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Introduction

The rapid development of the modern industries has led to

serious damages to the ozone layer in the atmosphere, thus

resulting in excessive ultraviolet (UV) radiation. Long-term

exposure to UV radiation can cause great harm to human

skin. UVA (320 * 400 nm) and UVB (280 * 320 nm)

radiations both contribute to the formation of melanin,

resulting in cortex aging, cataracts, skin cancer and other

diseases [1, 2]. Hence, the demand for products that provide

UV protection has been on the rise.

The UV resistance of clothing relies on the UV shel-

tering capabilities of its fabric, which are determined by the

UV-resistance characterization of the fabric fibers [3]. In

general, all textiles have some UV-blocking effects and

heavier fabrics have better UV blocking effects. However,

summer clothing is generally made of thin and light-col-

ored fabrics; hence, UV rays can easily penetrate such

clothing to damage the skin. Therefore, fabrics used for

summer clothing should be processed with UV-resistant

characterization. As the ozone layer becomes thinner

and the UV problem deteriorates, it is important to add

UV-resistant elements to fabrics.

With its simple process, large production capacity and

high efficiency, melt-spinning [4–7] is a spinning method

commonly used in the synthetic industry. The polyester

(PET)/titanium dioxide (TiO2) UV-resistant fiber that

contains TiO2 [8] in PET can absorb UV light and prevent

UV penetration of the clothing.

As there are many parameters involved in the melt-

spinning process [9–11], the processing parameter settings

are often realized by either the trial-and-error method or by

previous experience, resulting in excessive experimental

tests and the waste of costs and manpower. The Taguchi

method [12–15] can be used to improve process quality and
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