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Abstract This study creates the high resilience nonwoven fabrics by using modified polyester fiber. In order to have resilience, the nonwoven fabrics are thermally bonded with various temperatures and the air permeability and mechanical properties of the nonwoven fabrics are then evaluated. The optimum tensile strength of 481 N and resiliency of 26 cm occur when the nonwoven fabrics are thermally bonded at 180 ℃, and the optimum tear strength of 276 N occurs when the nonwoven fabrics are thermally bonded at 160 ℃. 
Introduction 
Polyethylene Terephthalate (PET) is made by the condensation of terephthalic acid and ethylene glycol. Due to its good mechanical property, PET fiber is commonly used in various industries[1][2]. In order to produce valuable products, PET is chemically and physically modified to have a diversity of uses[3]. Having an easy and fast production and diverse product types, nonwoven fabrics can be formed by all sort of fibers including staple fiber and filament; therefore, nonwoven fabrics are widely used in different industries[4][5][6]. This study uses modified PET fiber to make nonwoven fabrics, which are then thermally bonded. The tensile strength, tearing strength, resiliency and air permeability of the resulting nonwoven fabrics are then evaluated. 
Experimental
Material 


The modified PET fiber (MPET, fineness: 4d, length: 51 mm, Far Eastern New Century Corporation, Taiwan, R.O.C.) has a skin core structure, the skin is the low melting point PET fiber and the core is medium denier PET fiber. 
Preparation of Resilience Nonwoven Fabric

By opening, carding, laying, and needle punching, the MPET is made into nonwoven fabrics. The nonwoven fabrics are thermally bonded at 140, 160, and 180 ℃ for 30 minutes to have resilience, after which they are evaluated in terms of tensile strength, tearing strength, resiliency, and air permeability. 
Tests
Air Permeability
A TEXTEST (FX3300, Switzerland) is used to measure air permeability. As specified in ASTM D737, samples are sized 25 cm x 25 cm. The pressure is 125 Pa and the number of the samples is 10. 
Tensile Strength
An Instron 5566 (Instron, U.S.) is used to performed tensile strength test as specified ASTM D5035-06 Standard Test Method for Breaking Force and Elongation of Textile Fabrics. Ten samples, each taken along the machine direction (MD) and cross machine direction (CD), have a size of 25.4 mm x 180 mm. The distance between the machine’s fixtures is 75 mm and the tensile speed is 300±10 mm/min
Tear Strength
This test is performed on ten samples each taken along MD or CD, based on ASTM D5587-08. The samples have a cut with a length of 25 mm in their middle part. The size of the sample should not less than 75 mm, the distance between the fixtures is 25 mm, the tearing speed is 300±10 mm/min. 
Resiliency
A vertical type of resiliency tester is used to perform the test, based on ASTM D2632. After the tester should be balanced, the impact hammer is lifted to its highest position and released to vertically impact the 10 cm x 10 cm sample, which is mounted on the platform horizontally.
Results and Discussion 
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Figure 1. The air permeability of the resilient nonwoven fabrics as related to various thermal

bonding temperatures.

Figure 1 shows the influence of the thermal bonding temperature on the air permeability of the resilient nonwoven fabrics. The level of the melting of the MPET fiber increases with the thermal bonding temperature. The surface of the MPET melts and creates bonding points between fibers; with the increase in bonding level, the size of the pores between the fibers decreases, which prevents the air from passing through and thus reduces the air permeability. 
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Figure 2. Tensile strength of the resilient nonwoven fabrics as related to various thermal bonding temperatures.
Figure 2 shows that the influence of the thermal bonding temperature on the tensile strength of the resilient nonwoven fabrics. The tensile strength along the CD and MD of the resilient nonwoven fabrics are different, which is ascribed to the fiber orientation, the direction that fibers are arranged during the production of nonwoven fabrics. Because CD has the fiber orientation, namely the majority of the fibers are arranged toward the same direction, and thus can bear a greater force, resulting a greater tensile strength along the CD. On the other hand, the tensile strength of resilient nonwoven fabrics increases with the thermal bonding temperature, creating a greater amount of thermal bonding points and thus heightening the bonding force between fibers. The tensile strength increases as a result of an increase in thermal bonding points.
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Figure 3. Tear strength of resilient nonwoven fabrics as related to various thermal bonding temperatures.
Figure 3 shows that tear strength of the resilient nonwoven fabrics increases when the thermal bonding temperature increases to 160 ℃; however it starts decreasing while the temperature is 180℃. The tear strength along the CD is greater than that along the MD because CD has a greater fiber orientation to bear a greater force. Compared to the amount of thermal bonding points, the staple fiber strength has a greater influence on the tear strength. With the thermal bonding temperature, the skin of the MPET melts and then creates thermal bonding points to increase the strength; however, with a temperature of 180 ℃, the skin of MPET fiber excessively melts, decreasing the fiber fineness and thus the tear strength. 
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Figure 4. Tear Resiliency of resilient nonwoven fabrics as related to various thermal bonding temperatures.
The influence of thermal bonding temperature is demonstrated in Figure 4. When the temperature is 180℃, the resilient nonwoven fabrics have significant resilience. This is due to the skin of the MPET fiber, which is composed of resilient polymer. As a result, the greater the amount of bonding points, the more significant the resiliency of the nonwoven fabrics.
Conclusion

This study successfully creates the resilient nonwoven fabrics with the following properties. With an increase in thermal bonding temperature, the air permeability decreases 12.4 %, the resiliency increases by 19 %, the tensile strength along the CD and the MD increases by 11114.2% and 886.2 %, and the tear strength along the CD and the MD increases by 269 % and 162 %. 
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