Manufacturing Technique and Properties Evaluation of Ni-Coated Copper Composite Fabrics
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Abstract. 
The existence of the electromagnetic radiation may lead to diseases, which also includes cancer and cause the repellence of electrical compatibility. The textiles which have electromagnetic shielding effectiveness become more important in modern life. In the research, the PET/ Ni-coated Copper composite yarn were made by the wrapping machine, which the core yarn is Ni-coated Copper wire and the wrapped yarn is PET filament. After that, the composite yarn is fabricated by the automatic sampling loom into woven fabrics and had the tests of mechanical properties and electromagnetic shielding effectiveness. The test results revealed that the EMSE of the PET/Ni-Cu complex woven fabrics is 32.28dB, which the test frequency is 900 MHz, laminated layer number is 3 and the laminated angles are 0°/45°/90°, respectively.
Introduction
With the development of the electrical industry and the advancement of electrical equipment, electromagnetic radiation becomes the 4th public dangerous pollution which follows water pollution, noise pollution and air pollution [1]. Communication device, Internet and household appliance may lead to various diseases such as the lack of sleep, vertigo, vomit, cardiovascular diseases and cancer [2-3]. Besides, it also cause the electrical compatible problem of digital auxiliary devices like printers and modems, which applies on the domains of scientific, technical, E-administration, E-political and E-commerce[4]. Metallic materials (copper, aluminum and nickel) which have good conductivity and magnetic permeability are used as electromagnetic materials [5-6]. The conductivity of macromolecule material is worse than the metallic material. It obviously decreases the electromagnetic shielding effectiveness. In order to improve the disadvantage of macromolecule materials, metallic materials are added [7-9]. In the research, the PET/ Ni-coated Copper composite yarn, which the core yarn is Ni-coated Copper wire and the wrapped yarn is PET filament, were fabricated into flexible shielding materials. The electromagnetic shielding effectiveness and air permeability of woven fabric were estimated and the finished fabric can be applied on the civil industry.

Experimental
In the research, the PET/ Ni-coated Copper composite yarn were made by the wrapping machine, which the core yarn is Ni-coated Copper wire (Floodlit Enterprise Co., Ltd.) and the wrapped yarn is PET filament (Yi Jinn industrial Co. LTD.). After that, the composite yarn is fabricated by the automatic sampling loom (CCI TECH INC., SL7900) into composite woven fabrics and had the tests of air permeability and electromagnetic shielding effectiveness.
Electromagnetic shielding effectiveness (EMSE) is estimated by Shielding Effectiveness Test System (Shielding Effectiveness Test Sample Holder, EM-2107A) with far-field plane-wave. A washer type which has the same thickness with testing samples is regarded as a reference and estimated its electromagnetic shielding effective value (SERef) to adjust the testing machine before the test. After that, woven fabrics were under estimation to gain its electromagnetic shielding effective value (SELoad), the available value is calculated by the difference between SELoad and SERef. The air permeability was according to the ASTM D737, samples were under tests for 20 times to get the average value with air-permeability machine.
Results and Discussion
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Figure 2. EMSE of the PET/Ni-Cu complex woven fabrics at different lamination number and incident frequencies when the laminated angles are 0°/45°/90°.

From the figure 1, PET/Ni-Cu complex woven fabrics have different EMISE with different electromagnetic radiation frequency. The fabrics have higher EMISE at the lower frequency, the reason is that electromagnetic wave is longer at the lower frequency and easier to be shielded by the woven fabrics; the EMISE of high-frequency electromagnetic wave decreases obviously at the higher frequency (2-3G Hz) is because the electromagnetic wave has high energy to penetrate through the PET/Ni-Cu complex woven fabrics. The amount of metallic fibers increases as the laminated layer number increases and the EMSE of PET/Ni-Cu complex woven fabric also slightly increases and it is positive to enhance the electromagnetic shielding effectiveness [10]. 
The EMISE is influenced by the electrical conductivity and permeability of metallic materials; copper and aluminum have higher conductivity, and nickel and stainless steel have higher permeability. According to the figure 2, the EMISE of PET/Ni-Cu complex woven fabrics apparently increase as the laminated layer angle changes. The arranged density of metallic obviously improves as the laminated angle changes and laminated layer number increases, and the sheet-metal shield completes the conductive network to enhance the EMISE of PET/Ni-Cu complex woven fabrics [11]. 
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[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Figure 3. Air permeability of the PET/Ni-Cu complex woven fabrics at different lamination number and incident frequencies when the laminated angles are 0°/45°/90°.
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Figure 4. EMSE of the PET/Ni-Cu complex woven fabrics at different lamination number and incident frequencies when the laminated angles are 0°/45°/90°.

According to the result, the optimum air permeability of PET/Ni-Cu complex woven fabric with a single layer is above 100 cm3/s/cm2 and the air permeability decreases as the laminated layer number increases. The air permeability of PET/Ni-Cu complex woven fabric is not apparently affected by the laminated angles, which shows a steady status. The density of PET/Ni-Cu complex woven fabric with different laminated angles doesn’t form a barrier between fabrics and air particles.
Summary
In the research, the PET/ Ni-coated Copper composite woven fabrics were made by the wrapping machine and automatic sampling loom, which the core yarn is Ni-coated Copper wire and the wrapped yarn is PET filament.
Related to the result, the EMISE of PET/Ni-Cu complex woven fabric is higher at the low frequency. The EMISE of fabric increases as the laminated layer number of woven fabrics increases especially with the change of laminated angles. The EMISE of PET/Ni-Cu complex woven fabrics with laminated layer number is 3 and laminated angles are 0°/45°/90° which at the 900 MHz and 1800 MHz are 32.28 dB and 33.55dB. The air permeability of PET/Ni-Cu complex woven fabrics decreases as the laminated layer number increases, and the optimum value is 159.8㎝3/㎝2/s which occurs at the single layer. The result reveals that the PET/Ni-Cu complex woven fabric corresponds to the requirement for shielding fabrics and enhances the function of textiles.
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