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Introduction
As a result of structural order and capacity to flex and comply with 

most wanted shapes, conductive textiles as fiber yarn and fabrics offer 
an awesome chance to build up another age of multifunctional and 
intuitive applications [1-4]. Textiles with wanted scope of electrical 
conductivities have been considered for electromagnetic shielding and 
electrostatic dissipative application in defence, electrical and electronic 
industries. Such fabrics have alluring properties like adaptability, 
electromagnetic interference (EMI) insurance thermal expansion 
matching, electrostatic release, radio frequency interference protection, 
and light weight [5]. Conductive textiles are the best answers for 
electromagnetic interference (EMI) issues a cost and generation point 
of view.

There are different techniques by which textile materials can be 
changed over into EMI shields. Including conductive material into the 
textiles can fill the said need. Out of conceivable methods, assembling of 
composite yarn fabrics, utilization of multilayer conductive nonwoven 
fabrics, conducting polymer composites, metal covered fabrics, 
frequency selective surfaces are a portion of the strategies by which 
electromagnetic shielding effectiveness (EMSE) can be acquired into 
the textiles. Detailed discussion on these techniques has been carried 
out in subsequent points.

What is Electromagnetic Waves/Radiation?
The form of energy generated by the motion of the electrically 

charged particles moving through the matter or vacuum or either 
by magnetic and electric disturbance which is oscillated is called as 
electromagnetic radiation. The disturbance is created by the vertical 
movement of the magnetic and electric fields to each other and the 
collaborated waves travel upright to both the electric and magnetic 
oscillating fields. This energy is classified in the electromagnetic 
spectrum based on its wavelength. Both these magnetic and electric 
waves travel at right angles to each other and have frequency, amplitude 
and wavelength as their characteristics. Electromagnetic radiations can 
travel through the empty space and other media like air [1].

Need of Electromagnetic Shielding in Textiles?
The impact of the Electromagnetic waves on living organisms is 

dangerous and severe. When an organism comes in contact with the 
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EM waves it generates heat by the vibration of molecules. Also, EM 
waves affect the smooth working of the human body by stopping the 
regeneration of the DNA and RNA cells of the human body and are 
causing problems like some skin diseases, leukaemia, depressions. They 
are also major cause of the carcinogenic diseases. Thus, looking at the 
ill impacts of the EM waves it is necessary to find a protective media 
against the EM waves [2].

The most popular and effective method to protect the human 
beings and electronic equipment from the EM waves is the shielding. 
The process of controlling the piercing of the electromagnetic fields into 
the space by obstructing them with the involvement of the conductive 
materials is known as the Electromagnetic shielding. The protecting 
media used against the EM waves is known as the Shields. Conventional 
materials for the shields comprises of the stiff metallic materials having 
good electromagnetic properties. Also metallic coated plastics are also 
used. However, the disadvantage with these kind of materials is the 
flexibility, the weight of the materials and the cost effectiveness. This 
has gained attention towards the use of textiles with conductive yarns 
for the EMI shielding applications. These textiles based shields have the 
following advantages over the conventional shields like low cost, light 
weight, durability, ease of fabrication and implementation, flexibility 
etc. [3].

Textiles as EMI Shields
Composite yarn fabrics

One of the least complex method for assembling conductive yarn is 
mixing metallic fibers like fibers of steel, copper and so on with existing 
textile staple fibres which later wound to frame constant strand [6]. 
Core-cover and plied yarns containing metallic wire like steel wire 
and textile yarns or filaments can be manufactured by twisting [7]. 
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Composite yarn can be produced by hollow spindle twisting produced 
using metallic wires with artificial yarns like polyester, nylon and so on. 
For this situation metallic wire will stay in center and textile filament 
shapes the sheath by wrapping metallic wire [4].

Not just regular yarns we can produce the composite yarn 
containing elite fibers, for example, carbon, aramid fibers and so forth 
which can be made conductive with conductive metallic fillers. These 
composite yarns have extra usefulness separated from conductivity and 
EMI shielding [8]. Comingling and air covering is another technique 
by which we can manufacture the conductive yarns [9]. Open end 
friction core spun yarn containing a mix of metallic wire as a centre 
and staple fibers as sheath can be made for having conductive yarn [10]. 
Ply yarn comprising of nonwoven selvages, metallic wires and textile 
filaments can be delivered under various states of twister, counts and 
rotor speeds. By varying manufacturing parameters, the helix angle and 
tightness of the twist wrapped yam were likewise changed to upgrade 
the mechanical and EMI shielding adequacy [11].

By using the conductive composite yarns or hybrid yarns variety 
of textile structures can be manufactured which fulfils the particular 
application need. One can go for manufacturing of woven or knitted 
fabric with different construction [6-13]. Fabrics can be woven in 
ordinary or jacquard handloom for tweaked qualities in it [14]. Also, 
one can go for modern shuttle less weaving technology. Warp and weft 
knitted structures are also possible and can give different effects than 
that of woven fabrics as far as physical characteristics are concerned. 
It is also possible to have a coating on conductive polymers on textile 
substrates. Such materials may give lesser protection against but can 
give/retail textile characteristics. Any change in structural properties 
of woven and knitted fabric like weave, end density, loop length, 
metal fraction etc. change the performance of end product. Numerous 
studies reported that. Various investigations revealed that EMSE of 
the metal composite fabrics could be custom fitted by adjusting the 
metal grid size, geometry, varying hybrid yarn structure and metal 
content [4,10,15]. With increase in metal content, EMSE increases 
[4,6]. Core yarn fabrics show higher EMSE than cover and plied yarns. 
Fabric with 1/1 plain weave demonstrated higher EMSE because of 
the arrangement electrical net than 3/1 twill and 2/2 plain weave [7]. 
The estimations demonstrated that fabrics with a tight mesh and high 
electrical conductive yarns have high reflection coefficients which are 
equivalent to metal foils [16].

Nonwoven fabrics

Apart from woven and knitted fabrics utilization of nonwoven 
structures additionally gives new field of uses. Conductive nonwovens 
can be fabricated by including conductive fibers while batt formation 
for needle punched and thermal bonded nonwovens and during 
extrusion for spun bonded nonwovens [17]. Metallic components 
have high reflectivity though carbon fiber and conductive polymers are 
known for having high absorption behavior [18]. Henceforth, blend 
of the two gives more noteworthy shielding adequacy. Nonwoven 
fabrics can be made conductive by covering conductive polymers to 
like Poly (pyrrole), metal particles or made via carbon fibers [18]. 
Nonwoven fabric created from carbon-impregnated fiber textile 
additionally indicates outstanding shielding viability [19]. With the 
coming of most recent mechanical advancements in nonwoven fabric 
manufacturing multilayer nonwoven fabric offers a more noteworthy 
level of tailorability. One can produce a nonwoven fabric with various 
layers displaying assorted usefulness.

Conducting polymer composites

EMI shielding by absorption instead of reflection is by and by more 
imperative for some applications. Electrically conducting polymers 
are fit for reflecting as well as retaining the electromagnetic waves 
and thusly show a huge favorable position over the metallic shielding 
textiles. EMI shielding system of conducting polymer composites 
contrasts from that of metals and carbon, which depends on 
reflection and it is favoured by the military for stealth and camouflage 
applications. Conducting polymer composites can be made by in situ 
polymerization of conducting polymers, for example, polyaniline 
and polypyrrole on textile substrates which can be woven, knitted or 
nonwoven fabric [20-22].

Metal coated fabrics

Another strategy to make textiles conductive is covering it with 
metallic layers. It is done from numerous ways. Vacuum evaporation, 
chemical vapor deposition, electroless plating are a portion of the 
techniques utilized for covering textile substrates with metals [23]. 
Electroless process is a technique used to deposit metal layers on 
texture surface which gives great surface conductivity. Metal powder 
covering on plastics and textiles is additionally a method honed for 
making packaging with EMI shielding [24]. Coated samples have 
stable structure with consistently appropriated metal particles on the 
textile substrates [25,26]. Thin top metallic layer chooses the reflection 
behaviour at high frequencies while metal-texture composite substrate 
begins affecting reflection at low frequencies. Metallized texture 
demonstrates a critical wave assimilation by legitimate fabric parameter 
choice and by keeping its variety of pores open which may bring about 
better EMI shielding [27].

Frequency selective surfaces

Frequency selective surfaces (FSS); otherwise called spatial filters 
are manufactured with occasional metallic components on dielectric 
substrate. An intermittent surface is essentially a get together of 
indistinguishable components organized in a maybe a couple 
dimensional limitless exhibit [28]. Textiles can be utilized as dielectric 
substrates in blend with metallic/non-metallic conducting components 
to produce spatial filters. On presentation to electromagnetic radiation, 
FSS transmits a portion of the frequency bands and mirrors some 
other frequency bands. There is a decent degree to use textiles for FSS 
since conducting components in various conductive examples can 
undoubtedly by joined to textiles by weaving, printing or embroidery 
techniques [29].

Conclusion
The shielding adequacy of metallized fabrics and textiles (woven, 

knitted and nonwoven) relies upon the geometry of the fabric (for 
instance, pore size and thickness), and the measure of metal present in 
the textiles. These materials are valuable as work force wear to shield 
individuals from EM irradiation. Additionally, they are utilized as sheet 
covers for equipment or a space to be shielded from electromagnetic 
fields.

References

1. Patel N, Vo K (2015) Mateo Hernandez. Electromagnetic Radiation. 

2. Chudasama D (2013) Protection against electromagnetic radiation with 
textile material. International Journal of Electrical and Electronics Engineering 
Research (IJEEER) 3: 293-302.

3. Maity S, Singha K, Debnath P, Singha M (2013) Textiles in electromagnetic 
radiation protection. Journal of Safety Engineering 2: 11-19.

http://www.tjprc.org/publishpapers/2-15-1386401637-30. Protection against.full.pdf
http://www.tjprc.org/publishpapers/2-15-1386401637-30. Protection against.full.pdf
http://www.tjprc.org/publishpapers/2-15-1386401637-30. Protection against.full.pdf
https://doi.org/10.1177/1528083715613628
https://doi.org/10.1177/1528083715613628


Citation: Hulle A, Powar A (2018) Textiles as EMI Shields. J Textile Sci Eng 8: 347. doi: 10.4172/2165-8064.1000347

Page 3 of 3

Volume 8 • Issue 2 • 1000347J Textile Sci Eng, an open access journal
ISSN: 2165-8064 

4. Roh SJ, Chi YS, Kang TJ, Nam SW (2008) Electromagnetic shielding 
effectiveness of multifunctional metal composite fabrics. Textile Research 
Journal 78: 825-835.

5. Toon J (1990) Metal fibers and fabrics as shielding materials for composites, 
missiles and airframes. IEEE Xpore.

6. Lin JH, Lou CW (2003) Electrical properties of laminated made from a new 
fabric with PP/stainless steel commingles yarn. Textile Res J 73: 322-326.

7. Su CL, Chern JT (2004) Effect of stainless steel containing fabrics on 
electromagnetic shielding effectiveness. Textile Res J 74: 51-54.

8. Cheng KB, Lee, ML, Ueng TH, Mou KJ (2002) Electrical and impact properties 
of the hybrid knitted inlaid fabric reinforced polypropylene composites. 
Composites: Part A 33: 1219-1226.

9. Cheng KB, Lee ML, Ramakrishna S, Ueng TH (2001) Electromagnetic shielding 
effectiveness of stainless steel/polyester woven fabrics. Textile Res J 71: 42-49.

10. Ueng TH, Cheng KB (2001) Friction core-spun yarns for electrical properties of 
woven fabrics. Composites: Part A 32: 1491-1496.

11. Lou CW, Lin JH (2004) The novel technology of the functional fabric composed 
of polypropylene non-woven selvages, polyester filaments and copper wire. 
International Journal of Materials and Product Technology 20: 335-344.

12. Soyaslan D, Comlekci S, Goktepe O (2010) Determination of electromagnetic 
shielding performance of plain knitting and 1X1 rib structures with coaxial test 
fixture relating to ASTM D4935. Journal of the Textile Institute 101: 890-897.

13. Muhl T, Obolenski B (2004) Knitted and warp knitted fabrics offering 
electromagnetic shielding”, Melliand Textilberichte 85: E88.

14. Cheng KB, Cheng TW, Nadaraj RN, GiriDev VR, Neelakandan R (2006) 
Electromagnetic shielding effectiveness of the twill copper woven fabrics. 
Journal of Reinforced Plastics and Composites 25: 699-709.

15. Ortlek HG (2010) Net curtain fabrics offering electromagnetic shielding. 
Industria Textila 61: 62-65.

16. Oxley CH, Williams J, Hopper R, Flora H, Eibeck D, et al. (2007) Measurement 
of the reflection and transmission properties of conducting fabrics at milli-metric 
wave frequencies. IET Sci Meas Technol 1: 166-169.

17. Aniolczyk H, Koprowska J, Mamrot P, Lichawska J (2004) Application of 

electrically conductive textiles as electromagnetic shields in physiotherapy. 
Fibres and Textiles in East Europe 2: 47-50.

18. Bonaldi RR, Siores E, Shah T (2010) Electromagnetic shielding characterization 
of several conductive fabrics for medical applications. Journal of Fiber 
Bioengineering and Informatics 2: 237-245.

19. Hatakeyama K (1998) Incombustible electromagnetic wave absorber made of 
nonwoven ceramic fibres. IEEE Transactions on electromagnetic compatibility 
40: 27-32.

20. Bhat NV, Seshadri DT, Ramakrishnan S (2004) Preparation, characterization 
and performance of conductive fabrics: cotton + PANi. Textile Res J 74: 155-166.

21. Avloni J, Lau R, Ouyang M, Florio L, Henn AR et al. (2008) Polypyrrole-coated 
nonwovens for electromagnetic shielding. Journal of Industrial Textiles 38: 55-68.

22. Kim SH, Jang SH, Byun SW, Lee JL, Joo JS, et al. (2003) Electrical properties 
and EMI shielding characteristics of polypyrrole–nylon 6 composite fabrics. 
Journal of Applied Polymer Science 87: 1969-1974.

23. Mallory GO (1990) The Fundamental aspects of electroless nickel plating” in 
Electroless Plating: Fundamentals and Applications. American Society of Civil 
Engineers.

24. Rajendrakumar K (2002) Design and development of metal composite fabric 
assemblies for electromagnetic shielding. PhD Thesis, Anna University, 
Chennai.

25. Afzali A, Mottaghitalab V, Motlagh MS, Haghi AK (2010) The electro-less 
plating of Cu-Ni-P alloy onto cotton fabrics. Korean J Chem Eng 27: 1145-1149.

26. Guo RH, Jiang SQ, Yuen CWM, Ng MCF (2009) Microstructure and 
electromagnetic interference shielding effectiveness of electroless Ni–P plated 
polyester fabric. Journal of Material Science: Materials in Electronics 20: 735-740.

27. Kumar R, Kumar A, Kumar D (1997) RFI/EM1 /MICROWAVE shielding 
behaviour of metallized fabric - a theoretical approach. Proceedings of the 
International Conference on Electromagnetic Interference and Compatibility.

28. Munk BA (2000) Frequency Selective Surfaces. John Wiley and Sons. New 
York.

29. Lee SE, Oh KS, Kim CG (2006) Electromagnetic characteristics of frequency 
selective fabric composites. Electronics Letters 42: 8

https://doi.org/10.1177/0040517507089748
https://doi.org/10.1177/0040517507089748
https://doi.org/10.1177/0040517507089748
http://ieeexplore.ieee.org/document/252722/
http://ieeexplore.ieee.org/document/252722/
https://doi.org/10.1177/004051750407400109
https://doi.org/10.1177/004051750407400109
https://doi.org/10.1177/004051750107100107
https://doi.org/10.1177/004051750107100107
https://www.researchgate.net/publication/248206030_Friction_core-spun_yams_for_electrical_properties_of_woven_fabrics
https://www.researchgate.net/publication/248206030_Friction_core-spun_yams_for_electrical_properties_of_woven_fabrics
https://doi.org/10.1080/00405000902945360
https://doi.org/10.1080/00405000902945360
https://doi.org/10.1080/00405000902945360
https://doi.org/10.1177/0731684406060578
https://doi.org/10.1177/0731684406060578
https://doi.org/10.1177/0731684406060578
https://www.researchgate.net/publication/261105507_Net_Curtain_Fabrics_Offering_Electromagnetic_Shielding
https://www.researchgate.net/publication/261105507_Net_Curtain_Fabrics_Offering_Electromagnetic_Shielding
https://doi.org/10.1177/004051750407400212
https://doi.org/10.1177/004051750407400212
https://doi.org/10.1177/1528083707087834
https://doi.org/10.1177/1528083707087834
https://doi.org/10.1002/app.11566
https://doi.org/10.1002/app.11566
https://doi.org/10.1002/app.11566
http://www.tau.ac.il/~chemlaba/Files/Electroless/12777_01.pdf
http://www.tau.ac.il/~chemlaba/Files/Electroless/12777_01.pdf
http://www.tau.ac.il/~chemlaba/Files/Electroless/12777_01.pdf
http://shodhganga.inflibnet.ac.in/handle/10603/15513
http://shodhganga.inflibnet.ac.in/handle/10603/15513
http://shodhganga.inflibnet.ac.in/handle/10603/15513
https://link.springer.com/article/10.1007/s11814-010-0221-8
https://link.springer.com/article/10.1007/s11814-010-0221-8
https://link.springer.com/article/10.1007/s10854-008-9795-x
https://link.springer.com/article/10.1007/s10854-008-9795-x
https://link.springer.com/article/10.1007/s10854-008-9795-x
https://doi.org/10.1002/0471723770
https://doi.org/10.1002/0471723770

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	What is Electromagnetic Waves/Radiation? 
	Need of Electromagnetic Shielding in Textiles? 
	Textiles as EMI Shields 
	Composite yarn fabrics 
	Nonwoven fabrics 
	Conducting polymer composites 
	Metal coated fabrics 
	Frequency selective surfaces 

	Conclusion 
	References 

