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Abstract. Soilless culture mediums are able to increase the greening areas and decrease the amount of carbon dioxide (CO2), which reduces the global temperature and the green house effect. The aim of this study is to explore effects of the content of low melting point polyester (LPET) fibers on the physical properties of the polyester (PET)/LPET nonwoven fabrics. PET fibers and LPET fibers are blended with various ratios, and made into PET/LPET nonwoven fabrics with a nonwoven process. The air permeability, water content, water retention, and pH value tests are performed on the resulting fabrics. The experiment results show that increasing LPET fiber content increases the air permeability and water content, but decreases the water retention. The LPET content does not have an influence on the pH value. 
Introduction 
Soilless culture mediums allow plants to grow without soil, and are commonly made of coconut fiber, polypropylene fibers, and PP fibers. When being used in cities, soilless culture mediums can effectively reduce the heat island phenomenon and increase the greening areas [1]; when used on roofs and walls of buildings, soilless culture mediums are able to reduce the temperature of the buildings and absorb sounds. There are many methods to stabilize nonwoven fabrics, and except for needle punch and spunlacing, thermal bonding is another common method. The principle of thermal bonding is to add low melting point fibers to nonwoven fabrics or to use skin-core fibers, after which the fabrics are thermally treated to melt the fibers or the skins of fibers for bonding. This method is easily processed, has diverse varieties, and does not pollute environment; therefore, thermal bonding is commonly used for geotextiles, protective nonwoven fabrics, and complex nonwoven fabrics [2-5]. This study aims to produce PET/LPET nonwoven fabrics as soilless culture mediums, and the content of LPET fibers is changed to justify its influence on the physical properties of the resulting nonwoven fabrics. Tests for soilless culture mediums like water content, air permeability, water retention, and pH value are then performed on the PET/LPET nonwoven fabrics. 
Experimental
Material
PET (Far Eastern New Century Corporation, Taiwan, R.O.C.) has a fineness of 6 D and a length of 51 mm. LPET (Far Eastern New Century Corporation, Taiwan, R.O.C.) with a fineness of 4D and a length of 51 mm, and is composed of a skin-core structure. The core is normal PET and the skin is modified low-melting point PET. Cyber Scan pH510 is purchased from Eutech Instruments Pte Ltd, Singapore.
Preparation of PET/LPET nonwoven fabrics 
PET and LPET are blended and undergo opening, mixing, carding, laying, and needle-punching to form PET/LPET nonwoven fabrics. The fabrics are then thermally treated at 130 °C for 30 min, which results in the thermal bonding points between fibers, making the fabrics’ structure more stable and mechanically strong. Table 1 reports the blending ratio and the properties of the various resulting fabrics. 
Table 1. Properties of PET/LPET nonwoven fabrics made with various blending ratios.
	PET/LPET
	Properties

	
	Weight (kg/m2)
	Thickness (mm)

	10/90
	250
	2.6±0.17

	30/70
	250
	3.0±0.21

	60/40
	250
	3.2±0.11


Test
Air Permeability
The PET/LPET nonwoven fabrics are prepared as specified in ASTM D737-04. The nets measuring 25 cm×25 cm are evaluated with an air permeability tester (Textest FX3300, Switzerland) under a pressure of 125 Pa, and the number of samples is 12. 
Water Content
PET/LPET nonwoven fabrics are weighed (W0) and immersed in water. After immersion of 60, 120, or 240 minutes, samples are removed and weighed (Wt). Water content is yielded in accord with equation (1). 
Water Content = (Wt-W0)/Wt× 100 % ………………………………………………………… (1),
where W0 is the sample weight before immersion, and Wt is sample weight after immersion for different lengths of time (t). 
Water Retention
PET/LPET nonwoven fabrics are immersed in water for 24 hours, weighed as Ww, after which they are heated in an oven at 37 ˚C for 1, 2, 3, and 4 hours and then weighed as Wt, where t refers to the heating time. The number of samples is 5. The water retention is calculated as the following formula.
Water retention= (Ww-Wt)/Ww× 100 %   (2) 
pH Value 
1 g of PET/LPET nonwoven fabrics is soaked in 20 ml of sulfuric acid (H2SO4) with a pH value of 4 for 10 and 20 days. Cyber Scan pH510 is then used to measure the pH value of the solution. 
Result and Discussion
Air Permeability
Figure 1 shows that the air permeability of the PET/LPET nonwoven fabrics increases as a result of a decrease in LPET content. The fineness of 6 D PET fiber is greater than that of 4 D LPET fiber; therefore, when at the same weight, the amount of LPET fibers is greater than that of PET; as a result, the porosity of the resulting fabrics has a lower porosity.  In addition, thermal treatment causes thermal bonding points, which decreases the porosity of the resulting fabrics. When there is a greater amount of LPET fiber, thermal treatment also creates a greater shrinkage of the resulting fabrics, decreasing the pore size and thus preventing the air from penetrating. 
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Figure 1. The air permeability of PET/LPET nonwoven fabrics composed of a LPET content of 90, 70, and 40 %. 
Water Content
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Figure 2. The water content of PET/LPET nonwoven fabrics containing 90, 70, and 40 % LPET fiber.
Figure 2 shows that water content of PET/LPET nonwoven fabrics with various immersion periods. When the samples are immersed for 60 and 240 minutes, the greater the LPET content, the greater the water content of the PET/LPET nonwoven fabrics. When they are composed of a smaller amount of LPET fiber, the PET/LPET nonwoven fabrics have a larger pore size and greater porosity, and thus, water easily drains from the pores. With a smaller amount of PET fiber, the resulting PET/LPET nonwoven fabrics have small-sized porosity, which causes water to easily create surface tension over the pores and not easily drip. The water content increases with an increase in immersion time, because water causes a reduction in the fabrics’ thickness, and thus a smaller pore size. As a result, water cannot easily drain from the fabrics, the water content thus increases with the increasing immersion duration.
Water Retention
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Figure 3. The water retention of PET/LPET nonwoven fabrics containing 90, 70, and 40 % LPET fiber. 
Figure 3 illustrates that in the first hour, the water retention of PET/LPET nonwoven fabrics decreases the most. This is due to the fact that in the first hour, water that drains from the samples are from the surface and pores, and it does not have a high bonding force between fibers, thus is easily removed when heated. In addition, with a 90 % of LPET fibers, the nonwoven fabrics have the lowest water retention. Although a higher LPET content results in a low porosity and an increase in water content, the skin of LPET fibers do not exhibit the fiber formation after heating, which mitigates the capillary action of fibers, with a subsequent decrease in absorbed water.
pH value
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Figure 4. The pH value of PET/LPET nonwoven fabrics containing 90, 70, and 40 % LPET fiber. 
	The purpose to conduct a pH value test is to simulate that with acid rain, whether PET/LPET nonwoven fabrics and their constituent fibers are damaged by acid. Figure 4 shows that with a 4-day immersion in H2SO4, the pH value increases slightly. This phenomenon indicates that PET does not create a hydrolysis that can be steadily observed, and thus does not vary the pH value. With a 20-day immersion, the pH value increases from 4 to 4.7. This is because PET with short molecules and side groups of PET are damaged by acid, and thus these small molecules are melted in the H2SO4 solution and increase the pH value. 
Conclusion
This study successfully creates PET/LPET nonwoven fabrics and explores effects of the LPET content on the nonwoven fabrics. The experiment results show that an increasing LPET content causes a decrease in both porosity and air permeability, and an increase in both water content and water retention. When the nonwoven fabrics contain a higher LPET content or are immersed for 20 days, the pH value does not significantly change. 
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