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Abstract 

Nanotechnology is becoming an essential key for special 

functions of sportswear and it has begun to be applied to 

sportswear industry for innovating performance. Impact of 

nanotechnology on the sportswear industry is getting bigger. 

Ultimate purposes of highly functional sportswear based on 

nanotechnology are to increase safety against mechanical, 

chemical, physical, optical, and thermal destruction and to 

improve water repellency, oil recovery and anti-fouling 

functions. Moreover, nanotechnology can improve functions 

sportswear such as reflection and absorption of UV and IR, 

shielding of electromagnetic waves, and etc. In addition, 

appearance, touch, and durability of color can be improved as 

well. Mostly used nanomaterials for functional sportswear are 

ZnO, TiO2, Ag, SiO2, Carbon black, and carbon nanotubes. In 

this paper, characteristics and applications of the above 

nanomaterials on textiles are reviewed. 
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APPLICATION OF NANOMATERIALS ON 

SPORTSWEAR 

Recently, nanotechnology has received great interest in a 

global sportswear industry. Nanotechnology is becoming an 

essential key for special functions of sportswear. Concept of 

'nano', a billionth of a billion, is not entirely new, but it has 

begun to be applied to sportswear industry for innovating 

performance. In other words, the nanotechnology is a future 

that allows consumers to actually get their dream sportswear. 

Impact of nanotechnology on the sportswear industry is 

getting bigger. Ultimate purposes of highly functional 

sportswear based on nanotechnology are to increase safety 

against mechanical, chemical, physical, optical, and thermal 

destruction and to improve water repellency, oil recovery and 

anti-fouling functions. Moreover, nanotechnology can 

improve functions sportswear such as reflection and 

absorption of UV and IR, shielding of electromagnetic waves, 

and etc. In addition, appearance, touch, and durability of color 

can be improved as well. Mostly used nanomaterials for 

functional sportswear are ZnO, TiO2, Ag, SiO2, Carbon black, 

and carbon nanotubes. In this paper, characteristics and 

applications of the above nanomaterials on textiles are 

reviewed. 

 

Zinc Oxide (ZnO) nanoparticles 

The main characteristics of ZnO materials in textile 

applications are bio-safe, photo-oxidizing and photo-catalytic. 

ZnO nanoparticles are very small in size so the surface 

reactivity is greatly increased. ZnO nanoparticles have been 

extensively studied for UV-protection and antibacterial 

functions, and these two functions have been focused in this 

review. 

It was experimentally demonstrated that the smaller size of 

nanoparticles can increase the efficiency of UV-protection of 

the coated textiles. [1] ZnO nanoparticles were prepared by 

reaction with 1,2-ethanediol at 150oC and water reaction at 

90oC to get the smaller size. Moreover, the smaller size of 

ZnO nanoparticles improved the antibacterial and self-

cleaning functions.[1] 

In other study, ~40 nm ZnO nanoparticles were coated on 

cotton fabrics and it was shown that 2% contents of the ZnO 

nanoparticles blocked an average of 75% UV light. Air 

permeability of the coated cotton fabrics was improved as 

well. [2] 

ZnO nanoparticles can be used to increase efficiency and 

lifetime of dye. ZnO nanoparticles were coated on polyester 

fabrics and the fading of dye on the fabrics was studied. 

However, the result showed that ZnO nanoparticles generated 

superoxide and hydroxyl radicals (Reactive Oxygen Species) 

when irradiated with UV lights. Addition of anti-oxidants to 

dyes may reduce the activity of ROS. [3] 

The antibacterial behavior of the ZnO nanoparticles was 

studied. [4] As a result, it was shown that the particle size, 

concentration and adding of dispersants affect the antibacterial 

behaviors of ZnO nanoparticles. The antibacterial activity was 

increased with smaller size of nanoparticles and/or with 

higher nanoparticle concentration. However, the type of 

dispersants didn’t show great differences in their experiments.  

The antibacterial effect of ZnO nanoparticles on 

Campylobacter jejuni was investigated. The Campylobacter 
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jejuni was destroyed after exposure to 0.5 mg/ml of ZnO 

nanoparticles for 16 hours. [5] 

The antimicrobial effect of ZnO nanoparticles (20-25 nm size) 

were tested against pathogenic bacteria such as 

Staphylococcus aureus (Gram positive) and Salmonella 

typhimurium (Gram negative) and two plant fungi. The result 

showed that ZnO nanoparticles have good antibacterial 

activity against those bacteria and fungi tested. [6] 

The antimicrobial effect of ZnO nanoparticles embedded in 

polyurethane on different bacteria such as Staphylococcus 

aureus, Escherichia coli and Pseudomonas aeruginosa were 

investigated. [7] 

 

Silver (Ag) nanoparticles 

The antibacterial properties of Ag have been well studied and 

are being used in wide applications. Likewise, as the size of 

Ag became smaller, its properties are much strengthened.  As 

other nanoparticles, the nano-size can bring significant 

improvements in the antibacterial activity of Ag. 

The antibacterial activity of Ag nanoparticles at different 

concentrations against yeast was characterized. [8] In their 

experiments, the growth of yeast and Escherichia coli was 

inhibited in Ag nanoparticles even at low concentrations. They 

studied the inhibitory behavior of Ag nanoparticles with free-

radical generation as well. 

The antibacterial activity of Ag nanoparticles against Gram-

positive Staphylococcus aureus and Gram-negative 

Escherichia coli was studied with field emission scanning 

electron microscopy. [9] They found that the minimum 

inhibitory concentration of Ag nanoparticles against 

Staphylococcus aureus and Escherichia coli was 100 µg/ml.  

More studies have been conducted for characterization of the 

antibacterial activity of Ag nanoparticles at several different 

sizes, concentration, formation, and other factors. [10-14] 

Morones et.al found that antibacterial activity of Ag 

nanoparticles is size dependent and only nanoparticles 

interacted with the bacteria have a diameter of 1-10 nm.[15] 

Super-hydrophobic property of Ag nanoparticles with 

hexadecyltrimethoxysilane treatment was experimentally 

demonstrated. [16] A super-hydrophobic surface was formed 

by coating Ag nanoparticle on textiles and it was examined by 

scanning electron microscopy. The coated cotton textiles 

showed conductive characteristic. Moreover, the coated textile 

showed a high antibacterial activity against the gram-negative 

bacteria, Escherichia coli. 

 

Titanium dioxide (TiO2) nanoparticles 

TiO2 is chemically stable and has durability against corrosion 

so it is one of the most applicable nanomaterials in textile 

industry. The band gap energy of TiO2 is 3.2 eV which causes 

a reaction with ultraviolet light near 380 nm. However, 

ultraviolet light are only 5% of the sunlight, so pure TiO2 is 

not enough for real life applications. In order to overcome the 

problem, photocatalytic materials reacting with visible light 

band such as TiO2 composites have been actively studied. 

Enzymes can improve adsorption of nanoparticles on textiles 

and its functionalities. [17] A textile was first treated with 

proteases and lipases and then coated with TiO2 nanoparticles. 

The cross-linking agent, butane tetracarboxylic acid (BTCA), 

was added in a solution and it was cured to enhance the 

adsorption and stabilization of TiO2 nanoparticles on the 

textiles. The self-cleaning, UV protection and antibacterial 

properties of the coated textiles were examined by scanning 

electron microscopy and energy dispersive X-ray spectroscopy. 

[17] 

SiO2-TiO2 core-shell nanoparticles with different sizes were 

prepared with tetraethyl orthosilicate (TEOS) and 

tetraisopropyl titanate (TIPT). [18] And antireflective and 

self-cleaning properties of the core-shell nanoparticles were 

characterized. The core-shell nanoparticles were formed as 

raspberry-like shape. The properties of nanoparticles were 

characterized with many different methods such as scanning 

electron microscopy, transmission electron microscopy, 

thermogravimetric analysis, X-ray diffraction, Fourier 

transform infrared spectroscopy, and UV–vis spectroscopy. 

The result showed that the maximum transmittance of the 

nanoparticle coated glass was very high, up to ca. 97% and the 

glass showed good super hydrophilic, antifogging, 

photocatalytic, and self-cleaning properties.  

The most efficient size of TiO2 nanoparticles for UV 

protection was characterized. [19] Based on the Monte Carlo 

simulation, the most effective size of TiO2 nanoparticles for 

UV-B protection was found to be 62 nm. 

In other study, TiO2 nanoparticles with 62 and 122 nm size 

were found to be the most effective for the protection of 310-

410 nm wavelengths light. [20]  

Poly(ethylene phthalate) (PET)/TiO2 nanoparticle composite 

was prepared and its properties were investigated. [21] As 

results, UV transmittance the nanoparticle composite was 

lower than 10% in the UV-A band and lower than 1% in the 

UV-B band. The ultraviolet protection factor (UPF) of the 

composite was greater than 50. 

In other study, polyester textile was modified with a natural 

polysaccharide alginate and colloidal TiO2 nanoparticle, and 

its UV protection, photocatalytic and antibacterial activity was 

characterized. [22] The modified polyester textile showed a 

good antibacterial activity and UV protection efficiency even 

after several washing cycles. The result indicates an excellent 

laundering durability of the TiO2 nanoparicles coated textile. 

Moreover, they showed that a photo degradation of the 

modified textiles by UV light was very slow. 
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Anatase TiO2 nanoparticles with 3-5 nm size were prepared 

and coated on cotton fabrics. [23] The study showed a good 

self-cleaning and antibacterial activities of the textile. 

 

Silica (SiO2) nanoparticles 

Many researches have been conducted on the super-

hydrophobic properties of SiO2 nanoparticles. A surface with a 

water contact angle higher than 150° is considered as a super-

hydrophobic surface. The super-hydrophobic surface on 

cotton and polyester fabrics was demonstrated with SiO2 sol 

nanoparticles. [24] The authors showed that the water contact 

angle on a coated cotton super-hydrophobic surface was as 

high as 155o and 143o for polyester super-hydrophobic surface. 

The super-hydrophobic activity was mainly due to a 

hydrolyzed hexadecyltrimethoxysilane and SiO2 sol 

nanoparticles, and a roughness of the super-hydrophobic 

surface was further increased by SiO2 sol nanoparticles. Also, 

they found that the super-hydrophobic surface was durable 

after several washing cycles. The super-hydrophobic surface 

was characterized by scanning electron microscopy.  

A super-hydrophobic surface was achieved with SiO2 nano-

spheres. [25] The authors theoretically demonstrated that too 

large spacing between the SiO2 nano-spheres can possibly 

deactivate the super-hydrophobic effects. 

Super-hydrophobic surface on cotton fabrics was prepared 

using SiO2 nanoparticles and ZnO nanorods.[26] The SiO2 

nanoparticles and ZnO nanorods coated cotton fabrics were 

subsequently modified by dodecyltrimethoxysilane (DTMS) 

to increase super-hydrophobic effects. They found that a water 

contact angle (WCA) was more than 150o for a 5 mL water 

droplet.  

The mesoporous SiO2 nanoparticles which were 

functionalized with tridecafluorooctyl-triethoxysilane were 

coated on cotton textiles. [27] The SiO2 nanoparticles were 

spherical and average size was about 45 nm. They also 

showed high surface areas and large pore volumes on the 

coated cotton textiles which resulted in super-hydrophobic 

surface. 

Amino- and epoxy-functionalized SiO2 nanoparticles were 

coated on epoxy-functionalized cotton textiles and 

demonstrated super-hydrophobic surface. [28] A static water 

contact angle was about 170° for a 5 μL droplet. 

 

Carbon nanotubes 

Carbon nanotubes are attracting many attentions due to their 

excellent chemical, mechanical and electrical properties, and 

also their application in textile industry has been actively 

studied. Depending on number of walls of carbon nanotubes, 

they are categorized into single walled carbon nanotube 

(SWCNT) and multi walled carbon nanotube (MWCNT). 

SWCNT is composed with one wall and MWCNT is 

composed with more than one wall. MWCNT is electrically 

metallic material, but SWCNT can be either semiconducting 

or metallic material based on its structures such as diameter 

and chirality. Depending on its chirality, three types of 

SWCNT structures are possible such as armchair, zigzag, and 

chiral SWCNT. It is also known that the bandgap of 

semiconducting SWCNT is inversely proportional to their 

diameter. For textile application, electrical properties of 

carbon nanotubes have been importantly studied and 

developed applications. 

MnO2 which is a pseudocapacitor material was 

electrodeposited on carbon nanotubes forming conductive 

textiles. [29] It is well known that carbon nanotubes cab 

effectively decrease ion diffusion and charge transport 

resistance. The MnO2 and carbon nanotubes composite in a 

form of textile was used as a positive electrode and it was 

reduced to be used as a negative electrode. Electrolyte was 

water containing 0.5 M of Na2SO4. The resultant electrodes 

can be used as the electrical energy storage for multifunctional 

wears. 

Carbon nanotubes itself were used as fibers.[30] Mechanical 

and electrical properties of the carbon nanotubes fiber were 

examined and they experimentally demonstrated that it is 

promising material as a mechanical reinforcement and/or 

electrical conductive source in textiles. The carbon nanotubes 

fiber was about 4 times stronger than spider dragline silk and 

about 20 times stronger than steel wires. 

An electrically conductive textile was demonstrated with 

carbon nanotubes by polyelectrolyte based coating. [31] The 

authors integrated humidity sensor in the electrically 

conductive carbon nanotubes textile and it was shown that the 

textile can be used to detect albumin and blood with high 

sensitivity and selectivity. 

Carbon nanotube-polymer composite was fabricated as a 

strain sensor for health monitoring application. [32] The 

polymer acts as the interfacial bonding between the carbon 

nanotubes. Multi walled carbon nanotubes served as 

conductive material and used for improving a repeatability 

and linearity of the sensor. The authors also developed a 

neuron sensor for detecting large strains and cracking which is 

useful for health monitoring of large structures.  

A core/sheath structured carbon nanotube fiber was 

demonstrated as a super capacitor for wearable electronics. 

[33] The carbon nanotubes were coated as thin layer onto a 

metal wires and which serves as current collector for long 

length super capacitor. The core/sheath structured composite 

showed excellent electrochemical properties. The fiber type 

super capacitor is suitable for wearable electronic applications. 

A strain sensor using a thin film of aligned single walled 

carbon nanotubes was demonstrated for motion detectable 

textile. [34] The strain sensor using the carbon nanotube films 

could measure strains up to 280% which is 50 times larger 

than a conventional metal strain sensor. Also, it showed high 
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durability, fast response and good ductility. They integrated 

the sensor on stockings, bandages and gloves and showed 

capability of detection for human motions such as movement, 

typing, and breathing. 

Single walled carbon nanotubes were coated on conventional 

textiles to demonstrate electrically conductive textile. [35] 

Due to the incorporated carbon nanotubes, the textile had 

increased conductivity by four orders of magnitude and 

doubled capacitance. Also, they showed that the textile has 

good durability and strain sensing properties. 

Aligned carbon nanotube fibers were fabricated and used as 

an electrode for super capacitor. [36] The carbon nanotube 

fibers were incorporated for a solar energy convertible wear. 

Carbon nanotubes were used for mechanical reinforcement in 

conventional fibers and cotton fibers were coated with carbon 

nanotubes. [37] The cotton textile coated with carbon 

nanotubes showed excellent mechanical properties, flame 

retardancy, UV-blocking and super-hydrophobic properties.  

Carbon nanotubes were coated on carbon fibers forming 

composite textile. [38] The composite was subsequently 

infiltrated with epoxy resin in which the carbon nanotubes 

were completely integrated into the carbon fibers. They 

showed that the carbon nanotubes and carbon fiber 

composites have ~30% enhanced interlaminar shear strength 

and significantly improved electrical conductivity. We 

summarized the applications of nanomaterials discussed in 

Table 1. 

 

Table 1: Applications of nanomaterials in textiles 

Material Application in textile 

ZnO 

nanoparticles 

UV protection 

Antibacterial application 

Additive for dye 

Ag nanoparticles Antibacterial application 

Superhydrophobic surface 

TiO2 

nanoparticles 

Self-cleaning 

UV protection 

Antibacterial application 

Antireflective application(SiO2-TiO2 core-

shell) 

Superhydrophobic surface 

Photocatalytic application 

SiO2 

nanoparticles 

Superhydrophobic surface 

Carbon 

nanotubes 

Conductive electrode 

Mechanical reinforcement 

Humidity sensor 

Strain sensor 

Super capacitor 

 

CONCLUSION 

Numerous studies have been conducted to apply 

nanomaterials to textile. Nanomaterials can be applied to 

textiles to impart antimicrobial, self-cleaning, anti-wrinkle, 

UV protection, waterproof and electrical conductivity 

functions. There have been many efforts to apply 

nanomaterials so far, but further researches and developments 

would be necessary in the future. In this paper, we have 

reviewed the major nanomaterials that have been studied for 

application to textile. Although a lot of researches have been 

conducted, more nanomaterials need to be discovered to 

realize novel functions, and it is necessary to expand its 

application for functional textiles such as sportswear, military 

wear, and etc. 

 

ACKNOWLEDGEMENT 

This research was supported by Hallym University Research 

fund, 2015(HRF-201512-015). 

 

REFERENCES 

[1] S. Kathirvelu, L. D'Souza, and B. Dhurai, "uv 

protection finishing of textiles using zno 

nanoparticles," Indian Journal of Fibre & Textile 

Research, vol. 34, pp. 267-273, 2009. 

[2] H. K. Yadav, V. Gupta, K. Sreenivas, S. P. Singh, B. 

Sundarakannan, and R. S. Katiyar, "Low frequency 

Raman scattering from acoustic phonons confined in 

ZnO nanoparticles," Phys Rev Lett, vol. 97, p. 

085502, 2006. 

[3] L. Sun, J. A. Rippon, P. G. Cookson, X. Wang, K. 

King, O. Koulaeva, et al., "Nano zinc oxide for UV 

protection of textiles," International Journal of 

Technology Transfer and Commercialisation, vol. 7, 

pp. 224-235, 2008. 

[4] L. Zhang, Y. Jiang, Y. Ding, M. Povey, and D. York, 

"Investigation into the antibacterial behaviour of 

suspensions of ZnO nanoparticles (ZnO nanofluids)," 

Journal of Nanoparticle Research, vol. 9, pp. 479-

489, 2007. 

[5] Y. Xie, Y. He, P. L. Irwin, T. Jin, and X. Shi, 

"Antibacterial Activity and Mechanism of Action of 

Zinc Oxide Nanoparticles against Campylobacter 

jejuni," Applied and Environmental Microbiology, 

vol. 77, pp. 2325-2331, 2011. 

[6] T. M. Navale GR, Late DJ, Shinde SS, " 

Antimicrobial Activity of ZnO Nanoparticles against 

Pathogenic Bacteria and Fungi," JSM Nanotechnol 

Nanomed, vol. 3, 2015. 

[7] V. V. S. Dušan Zvekić, Maja A. Karaman, Milan N. 

Matavulj, "Antimicrobial properties of ZnO 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 17 (2017) pp. 6704-6709 

© Research India Publications.  http://www.ripublication.com 

6708 

nanoparticles incorporated in polyurethane varnish," 

Processing and Application of Ceramics, vol. 5, pp. 

41-45, 2011. 

[8] J. S. Kim, E. Kuk, K. N. Yu, J.-H. Kim, S. J. Park, H. 

J. Lee, et al., "Antimicrobial effects of silver 

nanoparticles," Nanomedicine: Nanotechnology, 

Biology and Medicine, vol. 3, pp. 95-101, 2007. 

[9] S.-H. Kim, H.-S. Lee, D.-S. Ryu, S.-J. Choi, and D.-

S. Lee, "Antibacterial activity of silver-nanoparticles 

against Staphylococcus aureus and Escherichia coli," 

Korean J Microbiol Biotechnol, vol. 39, pp. 77-85, 

2011. 

[10] W.-R. Li, X.-B. Xie, Q.-S. Shi, H.-Y. Zeng, O.-Y. 

You-Sheng, and Y.-B. Chen, "Antibacterial activity 

and mechanism of silver nanoparticles on 

Escherichia coli," Applied microbiology and 

biotechnology, vol. 85, pp. 1115-1122, 2010. 

[11] C.-N. Lok, C.-M. Ho, R. Chen, Q.-Y. He, W.-Y. Yu, 

H. Sun, et al., "Silver nanoparticles: partial oxidation 

and antibacterial activities," JBIC Journal of 

Biological Inorganic Chemistry, vol. 12, pp. 527-534, 

2007. 

[12] A. R. Shahverdi, A. Fakhimi, H. R. Shahverdi, and S. 

Minaian, "Synthesis and effect of silver nanoparticles 

on the antibacterial activity of different antibiotics 

against Staphylococcus aureus and Escherichia coli," 

Nanomedicine: Nanotechnology, Biology and 

Medicine, vol. 3, pp. 168-171, 2007. 

[13] I. Sondi and B. Salopek-Sondi, "Silver nanoparticles 

as antimicrobial agent: a case study on E. coli as a 

model for Gram-negative bacteria," Journal of 

colloid and interface science, vol. 275, pp. 177-182, 

2004. 

[14] G. Martinez-Castanon, N. Nino-Martinez, F. 

Martinez-Gutierrez, J. Martinez-Mendoza, and F. 

Ruiz, "Synthesis and antibacterial activity of silver 

nanoparticles with different sizes," Journal of 

Nanoparticle Research, vol. 10, pp. 1343-1348, 2008. 

[15] J. R. Morones, J. L. Elechiguerra, A. Camacho, K. 

Holt, J. B. Kouri, J. T. Ramírez, et al., "The 

bactericidal effect of silver nanoparticles," 

Nanotechnology, vol. 16, p. 2346, 2005. 

[16] C.-H. Xue, J. Chen, W. Yin, S.-T. Jia, and J.-Z. Ma, 

"Superhydrophobic conductive textiles with 

antibacterial property by coating fibers with silver 

nanoparticles," Applied Surface Science, vol. 258, pp. 

2468-2472, 2012. 

[17] M. Montazer and S. Seifollahzadeh, "Enhanced self‐

cleaning, antibacterial and UV protection properties 

of nano TiO2 treated textile through enzymatic 

pretreatment," Photochemistry and photobiology, vol. 

87, pp. 877-883, 2011. 

[18] X. Li and J. He, "Synthesis of raspberry-like SiO2–

TiO2 nanoparticles toward antireflective and self-

cleaning coatings," ACS applied materials & 

interfaces, vol. 5, pp. 5282-5290, 2013. 

[19] A. Popov, A. Priezzhev, J. Lademann, and R. Myllylä, 

"TiO2 nanoparticles as an effective UV-B radiation 

skin-protective compound in sunscreens," Journal of 

Physics D: Applied Physics, vol. 38, p. 2564, 2005. 

[20] A. P. Popov, J. r. Lademann, A. V. Priezzhev, and R. 

MyllylÃ, "Effect of size of TiO2 nanoparticles 

embedded into stratum corneum on ultraviolet-A and 

ultraviolet-B sun-blocking properties of the skin," 

Journal of biomedical optics, vol. 10, pp. 064037-

064037-9, 2005. 

[21] K. Han and M. Yu, "Study of the preparation and 

properties of UV‐blocking fabrics of a PET/TiO2 

nanocomposite prepared by in situ 

polycondensation," Journal of applied polymer 

science, vol. 100, pp. 1588-1593, 2006. 

[22] D. Mihailović, Z. Šaponjić, M. Radoičić, T. Radetić, 

P. Jovančić, J. Nedeljković, et al., "Functionalization 

of polyester fabrics with alginates and TiO 2 

nanoparticles," Carbohydrate Polymers, vol. 79, pp. 

526-532, 2010. 

[23] D. Wu, M. Long, J. Zhou, W. Cai, X. Zhu, C. Chen, 

et al., "Synthesis and characterization of self-

cleaning cotton fabrics modified by TiO 2 through a 

facile approach," Surface and Coatings Technology, 

vol. 203, pp. 3728-3733, 2009. 

[24] Q. Gao, Q. Zhu, Y. Guo, and C. Q. Yang, "Formation 

of highly hydrophobic surfaces on cotton and 

polyester fabrics using silica sol nanoparticles and 

nonfluorinated alkylsilane," Industrial & 

Engineering Chemistry Research, vol. 48, pp. 9797-

9803, 2009. 

[25] R. J. Klein, P. M. Biesheuvel, B. C. Yu, C. D. 

Meinhart, and F. F. Lange, "Producing Super-

Hydrophobic Surfaces with Nano-Silica Spheres: 

Dedicated to Professor Dr. Dr. hc Manfred Rühle on 

the Occasion of His 65th Birthday," Zeitschrift für 

Metallkunde, vol. 94, pp. 377-380, 2003. 

[26] B. Xu, Z. Cai, W. Wang, and F. Ge, "Preparation of 

superhydrophobic cotton fabrics based on SiO2 

nanoparticles and ZnO nanorod arrays with 

subsequent hydrophobic modification," Surface and 

Coatings Technology, vol. 204, pp. 1556-1561, 2010. 

[27] C. Pereira, C. Alves, A. Monteiro, C. Magen, A. 

Pereira, A. Ibarra, et al., "Designing novel hybrid 

materials by one-pot co-condensation: from 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 17 (2017) pp. 6704-6709 

© Research India Publications.  http://www.ripublication.com 

6709 

hydrophobic mesoporous silica nanoparticles to 

superamphiphobic cotton textiles," ACS applied 

materials & interfaces, vol. 3, pp. 2289-2299, 2011. 

[28] C.-H. Xue, S.-T. Jia, J. Zhang, and L.-Q. Tian, 

"Superhydrophobic surfaces on cotton textiles by 

complex coating of silica nanoparticles and 

hydrophobization," Thin Solid Films, vol. 517, pp. 

4593-4598, 2009. 

[29] L. Hu, W. Chen, X. Xie, N. Liu, Y. Yang, H. Wu, et 

al., "Symmetrical MnO2–carbon nanotube–textile 

nanostructures for wearable pseudocapacitors with 

high mass loading," ACS nano, vol. 5, pp. 8904-8913, 

2011. 

[30] A. B. Dalton, S. Collins, J. Razal, E. Munoz, V. H. 

Ebron, B. G. Kim, et al., "Continuous carbon 

nanotube composite fibers: properties, potential 

applications, and problems," Journal of Materials 

Chemistry, vol. 14, pp. 1-3, 2004. 

[31] B. S. Shim, W. Chen, C. Doty, C. Xu, and N. A. 

Kotov, "Smart electronic yarns and wearable fabrics 

for human biomonitoring made by carbon nanotube 

coating with polyelectrolytes," Nano letters, vol. 8, 

pp. 4151-4157, 2008. 

[32] K. Inpil, J. S. Mark, H. K. Jay, S. Vesselin, and S. 

Donglu, "A carbon nanotube strain sensor for 

structural health monitoring," Smart Materials and 

Structures, vol. 15, p. 737, 2006. 

[33] D. Zhang, M. Miao, H. Niu, and Z. Wei, "Core-spun 

carbon nanotube yarn supercapacitors for wearable 

electronic textiles," ACS nano, vol. 8, pp. 4571-4579, 

2014. 

[34] T. Yamada, Y. Hayamizu, Y. Yamamoto, Y. Yomogida, 

A. Izadi-Najafabadi, D. N. Futaba, et al., "A 

stretchable carbon nanotube strain sensor for human-

motion detection," Nature nanotechnology, vol. 6, pp. 

296-301, 2011. 

[35] M. i. h. Panhuis, J. Wu, S. A. Ashraf, and G. G. 

Wallace, "Conducting textiles from single-walled 

carbon nanotubes," Synthetic Metals, vol. 157, pp. 

358-362, 2007. 

[36] S. Pan, H. Lin, J. Deng, P. Chen, X. Chen, Z. Yang, et 

al., "Novel wearable energy devices based on aligned 

carbon nanotube fiber textiles," Advanced Energy 

Materials, vol. 5, 2015. 

[37] Y. Liu, X. Wang, K. Qi, and J. H. Xin, 

"Functionalization of cotton with carbon nanotubes," 

Journal of Materials Chemistry, vol. 18, pp. 3454-

3460, 2008. 

[38] E. Bekyarova, E. Thostenson, A. Yu, H. Kim, J. Gao, 

J. Tang, et al., "Multiscale carbon nanotube-carbon 

fiber reinforcement for advanced epoxy composites," 

Langmuir, vol. 23, pp. 3970-3974, 2007. 

 

 


