Optimization Process and Characteristic Evaluations of Pro-Environmental Recycled PET Composite Geotextiles
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[bookmark: _GoBack]Abstract. Recently environmental protection have been responded to by people. In this experiment, nonwoven selvages were smashed and then secondary used to prepare water-retaining geotextiles for achieving recovery effect. The geotextiles consisted of 6D recycled high-strength PET (RPET) fibers taken from nonwoven selvages. The RPET composite geotextiles were prepared after the 1000 D high-strength PET was blended with different ratios of the RPET fibers. Afterwards, their busting strength, air permeability and porosity were mainly discussed to acquire the best blending ratio. The result shows that, the bursting strength is reinforced but the air permeability is decreased with addition of high-strength PET. The optimal blending ratio of 1000 D high-strength PET and 6D RPET is 40 %/60 % on account of comparison with strength of commercially available geotextiles.
Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK6]The soil loss is originated from washout, water erosion and wind erosion in the nature. Amongst washout causes the most serious soil loss. The soil is isolated and then moved to the other position suffering from wind and rain impacts. The silts were rushed down, blocking the reservoir, lake and river even bringing more serious consequences, such as shortening service life of reservoirs, damming lakes etc. Geotextiles are known as the new type of synthetic geo-composites. They need to have better corrosion resistance, water permeability, air permeability, microorganism resistance, high strength and deformation unavailability. Furthermore, the geotextile is light and constructed conveniently, because it has functions including separation, filtration, reinforcement, drainage, and moisture barrier which elevates the civil engineering life and shortens the construction time. Also, the geotextile would be used in separation of materials, which saves the raw materials and construction cost as compared to other separation methods[1-3]. However, industrial-grade functional textile is one of the major manufacturing goals for the current textile industry in the scope of application [4-9]. From 2005 to 2011, Lin et al. have utilized fiber and nonwoven in environment protective and geotextile product [10-15]. In this study, the 1000D high-strength PET was blended with 6D recycled high-strength PET(RPET) fiber that was taken from selvages. 10 %, 20 %, 30 %, 40 %, 50 % and 60 % of RPET fiber were respectively added to form RPET composite geotextiles. Subsequently, the mechanical properties of geotextiles were measured in order to seek for the optimal parameters that the water-draining geotextiles were properly prepared. The resulting geotextiles could place on both sides of the river to avoid washing, or on foundation bed to prevent sinking. 
Experimental 
Materials
Recycled high-strength PET (RPET), Fiber fineness：6 D, Fiber length：77 mm, Supplier: Far Eastern New Century Corporation, Taiwan. High-strength PET, Fiber fineness：1000 D, Fiber length)：66mm, The number of yarns：192 f, Fiber tenacity：8 g/d.
Procedure
[bookmark: OLE_LINK7][bookmark: OLE_LINK10]In this experiment, 1000D high-strength PET and 6D RPET were blended with different ratios consisting of 90 %/10 %, 80 %/20 %, 70 %/30 %, 60 %/40 %, 50 %/50 % and 40 %/60 %. And the blends go through opening, mixing, carding and lapping process. The fiber web was formed and then needle-punched, preparing the RPET composite geotextiles. The tensile strength, tearing strength, bursting strength, air permeability and porosity of composite geotextiles were all tested in order to discuss the effect of blending ratio on physical properties. Through above tests, the optimal blending parameters of RPET composite geotextile were determined. Attractively, the remained samples after cutting and failure tests still have another chance in secondary use.  
Test
Tensile strength test
Each ten samples were measured respectively in MD and CD directions based on ASTM D5035. And then mean value and standard deviation of tensile strength were both acquired. The testing sample was in size of 180 mm × 25.4 mm. This test was carried out by Universal Tester (Hung Ta, Taiwan). The tensile rate was set as 300 mm/min, and the gauge distance between upper and lower clamp was 75 mm.
Tearing strength test
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Based on ASTM D5733, ten pieces of samples were respectively measured in CD and MD. Each piece was sized as 75 mm × 150 mm. The tearing strength was performed by Universal Tester (HungTa, Taiwan) at rate of 300 mm/min.
Bursting strength test
This test is measured by Universal Tester (HungTa, Taiwan) based on CNS 12915. The bursting speed was 508 mm/min. The samples were 150 mm × 150 mm. Ten samples were duplicated in each group.
Air permeability test
The air permeability was tested by Textest FX3300 (TEXTEST INSTRUMENT, Germany) based on ASTM D737- 04. The samples were cut into 255 mm × 255 mm and measured at 125 MPa. The air permeability was expressed as cm3/cm2/s.
Porosity test
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Firstly the sample weight was measured by microbalance, and the true volume per 1 cm × 1 cm (Vm) were calculated based on equations of density and weight. Secondly, the external volume per 1 cm × 1 cm (Vs) was also obtained by measurement of vernier. The porosity was expressed as in Equation. Porosity (%) =[(Vs-Vm)/Vs] × 100 % 
Results and Discussion
Tensile strength and tearing strength tests
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Fig.1 respectively shows the tensile strength and tearing strength of composite geotextiles with different ratios of 1000D high-strength PET and 6D RPET. It is found that the strength whatever the tensile strength or tearing strength improves with addition of 1000 D high-strength PET fibers. The longer fiber would produce higher entangled forces during needle-punching process, thus the strength would be improved. In fact, the 1000D fiber possess higher fiber tenacity than 6D RPET. Consequently, the strength increases with addition of 1000D fibers.
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Fig.1 Tensile strength (a) and tearing strength (b) of different ratios of 1000D high-strength PET/6D RPET composite geotextile (90 %/10 %, 80 %/20 %, 70 %/30 %, 60 %/40 %, 50 %/50 % and 40 %/60 %)
Bursting strength test
[image: ]
Fig.2 Bursting strength of different ratios of 1000D high-strength PET/6D RPET composite geotextile (90 %/10 %, 80 %/20 %, 70 %/30 %, 60 %/40 %, 50 %/50 % and 40 %/60 %).
Fig.2 reveals the busting strength of 1000D high-strength PET/6D RPET composite geotextile with different blending ratios. The bursting strength shows higher as 1000 D high-strength PET fiber increases. As compared to commercially available geotextiles, their minimum bursting strength reaches at least 1200 N. But it is found that all the composite geotextiles have bursting strength of lower than 1200 N. Considering the maximum recovery effect, the optimal blending ratio is chosen as 40 %/60 % of 1000D high-strength PET/6D RPET. 
Air permeability test
[image: ]
Fig.3 Air permeability of different ratios of 1000D high-strength PET/6D RPET composite geotextile (90 %/10 %, 80 %/20 %, 70 %/30 %, 60 %/40 %, 50 %/50 % and 40 %/60 %).
It is shown in Fig.3 that the air permeability tends to decrease with increase of 1000 D RPET fibers. The reason is that the 1000 D high-strength PET fiber has higher Denier, that is, coarser finer. When coarser high-strength PET is entangled with the 6D RPET, the inter-fiber space becomes smaller and the composite geotextile becomes more compact. This means that the air penetrates into  geotextiles difficultly. Therefore, the 40% variation of air permeability is generated when 6D RPET adds from 10 wt% to 60 wt%.
Porosity test
Fig.4 displays that the porosity decreases as RPET fibers increase. This is because high-strength PET have higher Denier number. In addition, the unit area of pore in composite geotextile is narrower due to coarser fiber, and composite geotextiles become more compact. Thus, with increase of 1000 D high-strength PET, the pore in geotextile becomes smaller. However, the difference of porosity is insignificant for six blending ratios of geotextiles. The optimal porosity generates when high-strength PET and RPET is blended in 40 %/60 %. 
[image: ]
Fig.4 Porosity of different ratios of 1000D high-strength PET/6D RPET composite geotextile (90 %/10 %, 80 %/20 %, 70 %/30 %, 60 %/40 %, 50 %/50 % and 40 %/60 %).
Conclusion
In this study, composite geotextiles made from recycled polyester were successfully prepared. A large amount of recycled high-strength polyester from selvages were used in manufacturing process for reducing the consumption of new materials and environmental wastes. By evaluation of recycled benefits and minimum property for water-draining geotextile, the resulting geotextiles most conform the greening concept when 1000 D high-strength polyester and 6D recycled high-strength polyester was blended in 50 %/50 %.
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