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ABSTRACT
The uses of nanotechnologies in textiles are strategic and allow textiles to become multifunctional. There 
is an ever-increasing demand for new functionalities, like flame retardancy, radiation shielding, improved 
mechanical strength etc., for highly specific applications. There is no industrial supply for the above-mentioned 
functionalities. Keeping in view of this background, surface treatment becomes one of the most important 
methods to create new textile properties. Polymer nanocomposites based on coatings for textiles have a 
huge potential for innovative modifications of surface properties like flame retardancy, radiation shielding 
and improved mechanical properties, which can be applied with a comparatively low technical effort and 
at moderate temperatures. This review compiles recent research on polymer nanocomposites for functional 
finishing of textiles to understand the theoretical and experimental tools on polymer nanocomposites and 
their applications in textiles.
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INTRODUCTION 

Functionalization of textiles is very important in view of improving their properties. The first commercial 
application of nanofinishing materials is found in textiles in the form of nanoparticles through finishing 
processes. But these finishes do not withstand subsequent washing due to poor fixing of these nanoparti-
cles on the textile surface. Polymer nanocomposites are materials with high potential for developing a new 
class of coating system for textiles to overcome the above problem. Polymer nanocomposites are poly-
mers usually filled with less than 10% of nanometre sized inorganic particles. They are superior in prop-
erties when compared to the conventional polymer composites [1-4]. The current research on textiles is 
focused on exploitation of the unique characteristics of polymer nanocomposites in textile industry. There 
are many synthetic methods followed to prepare polymer nanocomposites [5-7]. But the common theme 
of these approaches is intermingling the nanometre scale inorganic particles with properties not available 
from either of the pure component materials integrated in nanocomposites.
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Multifunctional finishing of textiles

The uses of nanotechnologies in textiles are strategic and allow textiles to become multifunctional. The 
application of polymer nanocomposite coatings on textiles imparts various functionalities, like UV protec-
tion, antibacterial properties, flame retardancy, antistatic properties and radiation shielding. The addi-
tion of nanoparticles to the hydrophobic/hydrophilic functional polymers will improve the properties of 
the polymer with the additional incorporation of the functional properties of nanoparticles. Hydrophilic 
finishes on textiles are very important to impart absorbency in the applications of sportswear. The inor-
ganic UV blockers are non-toxic compared to the organic UV blockers and they are chemically stable at a 
high temperature and exposure to UV. TiO2, SiO2, ZnO and Al2O3 are the certain inorganic oxides used as 
UV blockers [8,9]. In another work, zinc oxide nanoparticles were prepared by a wet chemical method and 
ZnO–PMMA nanocomposites were prepared by dispersing the ZnO nanoparticles in the solution of poly 
(methyl methacrylate) (PMMA) and applied on polyamide fabrics by padding. The results also showed that 
the impregnation of fabrics with ZnO–PMMA nanofinishings also enhanced the protection of polyamide 
fabrics against the UV radiation [10]. For imparting antibacterial properties, nanosilver, titanium dioxide 
and zinc oxide are used [11-14]. Textiles treated with nano TiO2 could provide effective protection against 
bacteria and discoloration or stains due to the photo catalysis effect [15,16]. Nano ZnO has photo catalytic 
properties when illuminated by light and it imparts antibacterial properties to textiles [17-19]. 
Raza et al. studied the fabrication of chitosan/zinc oxide nanocomposites (CZNCs) by using a facile prepa-
ration method. The nanocomposite-coated cotton fabric exhibited durable antibacterial, UV-blocking and 
textile properties with a fair whiteness index [20].
Ulfiqar et al. developed an antibacterial viscose fabric via a clean, easy and reproducible approach. Silver 
nanoparticles (SNPs) were prepared using chitosan both as a reducing and as well as a stabilizing agent to 
promote a green synthesis of SNPs. The developed treated viscose fabric showed good antibacterial proper-
ties, with fair textile characteristics. This is the first report on in situ fabrication and the impregnation of SNPs 
using chitosan as both a reducing and a stabilizing agent on a regenerated cellulose fabric like viscose [21].
Xiaoning et al. produced a knit polyester fabric simultaneously with remarkable electrical conductivity, water-
repelling and photocatalytic activity properties through the aid of chitosan and polyaniline nanocomposite 
polymer. A facile fabrication of multifunctional knit polyester fabric was based on chitosan and polyaniline 
polymer nanocomposite [22]. For almost two decades, the nanofinishing of cellulose textile material while 
using copper and copper oxide nanoparticles has been in the focus of science and textile industries [23].
Textile surfaces need to be pre-treated making certain functional groups available for bonding with the 
polymer nanocomposite finishing. Hydroxylamine treatment and plasma discharges are the treatments used 
for the fabric surface pre-treatment of [24,25]. Studies on plasma treatment of cotton and linen, wool and 
synthetic fibres proved that this treatment improves the whiteness degree, removal of waxes and sizing 
agents, absorption and fixation of dyes and finishing agents, increases the durability of functional effects 
and is able to provide certain functional groups available to bind with polymer nanocomposites [26-30].
Multi-functional finishing of cotton fabrics by plasma with nano TiO2/SiO2 via pad dry method was studied 
by Palaskar et al. and it was observed that the textile surface modification by the plasma treatment reduced 
the concentration of chemicals by 20-25%, thereby reducing environmental pollution and proving to be 
cost effective in comparison to the conventional finishing technique [31]. Research work has been carried 
out on atmospheric pressure dielectric barrier discharge plasma treatment for fabric surface activation to 
facilitate deposition of nano silicon oxide and nano-titanium dioxide onto cotton fabric. It has been found 
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that the flame retardancy, UPF, antibacterial activity, wash fastness and thermal stability of the treated 
samples were improved compared to the untreated samples [32].

APPLICATION OF POLYMER NANOCOMPOSITES FOR DESIRED FUNCTIONAL PROPERTIES 
IN TEXTILES

Out of the many possible applications of polymer nanocomposites for functional properties other than 
surface properties (Figure1) some of the most successful ones are antimicrobial, UV protection, flame retar-
dancy, radiation shielding and improvement of mechanical properties of textiles. Our earlier review paper 
on polymer nanocomposite-based multifunctional coatings on textile, covered various properties like UV 
resistance, hydrophilicity, hydrophobicity and antimicrobial properties [33]. Focus of this review will be 
on the application of polymer nanocomposite finishings on textiles to impart fire retardancy, enhanced 
mechanical properties and radiation shielding properties.

Figure 1. Some possibilities of textile functionalization using PNC

Dispersion of nanoparticles to get a homogeneous solution is very difficult, since there is a strong tendency 
of the nanoparticles to aggregate. However, in polymer nanocomposites the polymers inhibit the aggrega-
tion and significantly increase the stability of the composite making their application in many fields easier. 
Sorna Gowri et al. [34] synthesized a new copolymer epoxy poly (dimethyl acrylamide) to disperse the SiO2 
nanoparticles and developed a new method for the dispersion of nanoparticles. The results showed that 
the nanoparticles are well dispersed in epoxy poly (dimethyl acrylamide) as evidenced by the SEM analysis. 
Our recent unpublished results on polyvinyl alcohol-based polymer nanocomposites show that it is a good 
functional polymer system, which can be used for the dispersion of many inorganic nanoparticles (Figures 
2, 3, 4, 5) since it is compatible with a number of inorganic nanoparticles. 
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There are two principal ways for the application of polymer nanocomposites on textiles. One is melt spin-
ning of PA-6 yarns, which can be knitted or woven [7]. Another approach is coating the textile surface by 
polymer nanocomposites formulations. Application of these polymer nanocomposites coatings can be done 
by simple techniques such as pad application dip coating, spray coating, or exhaust process. One interesting 
method of polymer nanocomposite synthesis is in situ polymerization in which polymer nanocomposites 
are developed from nanoparticles.

Application of Polymer Nanocomposites as Flame Retardants in Textiles

To inhibit or suppress the combustion of fabrics, flame retardants are applied to fabrics. Many flame-
retardant approaches have been developed and are used today by the textile industry [35]. If typical flame 
retardant finish is applied to the fabric, it adversely affects the fabric properties, such as drape and hand 
[36]. Also, some of the flame-retardant additives release toxic products during combustion, which is of 
concern regarding the environment [37]. 
Polymer nanocomposites are a new class of organic/inorganic hybrid material showing impressive perfor-
mance for fire retardant application. Polymer-layered silicate nanocomposites are being investigated widely 
for their flame retardant effect. It is found that the addition of 2-5 wt% of layered silicates like montmoril-
lonite (MMT) reduce the peak heat release rate (PHRR) during the burning of polymers by about 50-60% 
[38-44]. While the addition of conventional flame retardants deteriorates the mechanical properties of 

Figure 2. SEM image of PVA film with Al2O3 Figure 3. SEM image of PVA film with SiO2

Figure 4. SEM image of PVA film with TiO2 Figure 5. SEM image of PVA film with Fe2O3
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polymers in most cases, tensile strength and the modulus of nano components with above 5 wt% of nano-
fillers are enhanced by 30-40% when compared with neat polymers [45-48]. Kadhiravan et al. investigated 
the flame-retardant properties of nylon 6/organically modified montmorillonite (DMMT) fibres and fabrics, 
and they found that with a higher concentration level of 8-10% DMMT, the fabrics burned without any drip-
ping [49]. The flame spread rate was reduced by 30-40% compared to the nylon 6 films and the peak heat-
release rate of nylon 6 was reduced by 65-67% with this content. 
Devaux et al. studied the addition of two kinds of additives to PU in order to provide flame retardancy to 
the coated textile structure, namely montmorillonite clay and polyhedral oligomeric silsesquioxanes (POSS) 
[50]. Polypropylene (PP) is one of the most widely used thermoplastic polymers for application in textiles 
and plastics. This is attributed to its low density, low cost, easy processing, high tensile strength and excel-
lent chemical stability [51-54]. Consequently, similar to other polymeric materials, the properties such 
as flame retardancy, UV resistance, crystallization behaviour, strength, hygienic behaviour and electrical 
resistance of PP fibres have been modified by compounding them with very small amounts of nanoparti-
cles. Some examples of these attempts are observed in products like PP/silver [55], PP/SiO2 [53,56-59], PP/
Ba Fe[60-62], PP/TiO2 [63,64]. Nilufer et al. produced slow burning or flame-retardant polypropylene fila-
ments for carpet pile yarns by incorporating SiO2 nanoparticles into polypropylene [65]. The oxygen index 
test was used in their studies to evaluate the flammability of polymers, because this test is a useful method 
to get single numerical value of relative flammability of polymeric fibres. Materials between the thresholds 
20.95% < LOI <28% can be considered as slow burning materials in the oxygen index test. It has been found 
that filaments containing 1 and 3% of SiO2 nanoparticles reach the limit value of slow burning materials in 
the oxygen index test, thus obtaining a fire-resistant filament for the carpet pile yarn.
Gillain et al. reported the burning behaviour of knitted fabrics produced from PP fibres comprising of several 
dispersed nanoclays and compatibilizing copolymers in the presence of ammonium polyphosphate (APP) 
as a model conventional fire retardant with regard to flammability when present alone [66]. Polylactic acid 
(PLA) is a biodegradable polymer which can be spun to produce textile fibres. In order to disperse the clay 
in PLA, two techniques are used: the solution-intercalation process [67,68] and the melt-blending process 
[69-73]. The interaction between the carbonyl functions of PLA chains and hydroxyl functions of alkyl ammo-
nium surfactants surface–covering MMT nano platelets seem to improve the dispersion of this organoclayin 
a PLA matrix contrary to the other kinds of MMT without hydroxyl functions on the surfactants. [67,69-
72]. An original way to obtain a good dispersion of clay in PLA matrix is the in-situ coordination–insertion 
polymerization [74]. The PLA nanocomposites are characterized by an increase of the crystallization rate 
but also by a decrease of the activity to crystallize, so by a lower melting enthalpy compared to pristine PLA 
[67,70,74]. But the clay does not seem to influence the glass transition temperature of second order of PLA 
[67,70,74]. An improvement of the thermal stability of PLA can be obtained, especially when MMT Cloisite 
is used [67,75].The above studies show that the flame retardancy of neat polymers like poly urethane, poly-
propylene and PLA, can be improved by the addition of inert nanoparticles to the polymer system.
In2002, for the first time, Bourbigot et al. described the use of a polymer matrix to produce a nanocomposite 
multifilament yarn [76].The matrix they used was a polyamide 6 polymer (PA6) reinforced with commercial 
MMT Cloisite 30B (C30B). The flammability of a knitted structure made with PA6 and PA6/C30B yarns was 
compared using a cone calorimeter and a strong decrease of the heat release was observed in the last case. 
A method to produce PLA organoclay nanocomposites was proposed by Samuel et al. [77]. They prepared 
PLA organoclay nanocomposites by melt-blending and particularly by twin-screw co-rotating extrusion. It 
was shown that C30B increases the crystallization rate and improves the thermal stability, especially for 
PLA/4%C30B. 
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These polymer nanocomposite-coated textile fabrics showed excellent fire-retardant property evaluated by 
45° flame test as per ASTM D1230-94 [78]. The flame-retardant cotton fabric was also developed by elec-
trospinning polyamide/boric acid nanocomposites [79]. A one–pot approach base on coatings of sodium 
carboxymethylcellulose (CMC)/montmorillonite (MTM) polymer nanocomposites of bio-inspired brick-wall 
nanostructure on textiles was demonstrated by Paramita Das et al. Fire retardancy tests of these textile 
coatings elucidated the increasing fire barrier and the retardancy properties with the increasing coating 
thickness [80]. 
Yu-Chui Li et al. demonstrated a layer-by-layer assembly of branched polyethylenimine (BPEI) and sodium 
montmorillonite (MMT) clay nanocomposite coatings on cotton fabrics for imparting flame retardant prop-
erties. The treatments showed that all coated fabrics reduced the total heat releasing capacity of the fabric. 
These coatings are expected to be useful on a variety of substrates, like foam, fibre etc., as flame retardants 
[81]. In a research work, cotton fabric was coated with polypyrrole–zinc oxide–carbon nanotube (PPY-ZnO-
CNT) composites prepared by an in situ chemical polymerization method. The composite-coated cotton was 
found to have better flame retardant properties than the uncoated cotton [82]. A polymer nanocomposite 
was developed from carbon nanotubes and different phosphorous flame retardants, like ammonium phos-
phate, or melamine phosphate resin. The fabrics were coated by these composites. The fabric flammability 
tests were carried out and it was found that the coatings effectively reduced flammability and improved 
the thermal stability of the fabric. It has been observed that there was a synergistic effect between carbon 
nanotubes and phosphorous compounds [83]. A facile coating method for imparting flame retardancy to a 
silk fabric was developed, which involved montmorillonite (MMT) and graphene oxide (GO) hydrosol being 
added to polyvinyl alcohol, which was then coated onto the silk fabric by a simple coating machine. The 
analysis of the coated silk fabric showed excellent flame retardancy, thermal stability and smoke suspension 
properties [84]. Ihor et al. studied the effect of styrene acrylate and urethane polymer coatings filled with 
titanium dioxide on the thermophysical properties of a cotton fabric surface and found that the presence 
of polymer nanocomposite coating leads to the formation of coke residue on the fabric under the influence 
of the flame, which allows the fabric surface structure to be preserved after ignition [85]. The above results 
show that treating various fabrics, like cotton, nylon and silk, by various polymer nanocomposite finishings, 
dramatically improves their fire resistance. 

Influence of Polymer Nanocomposites Finishes on Mechanical Properties of Textiles

The application of polymer nanocomposites may affect fabric properties, like strength and bending rigidity. 
The addition of certain nanoparticles to neat polymers imparts improved mechanical strength to polymer 
nanocomposites and these polymer nanocomposites, applied as finishings on textiles, influence the mechan-
ical strength of textiles. Polypropylene (PP)/organic-layered silica nanocomposites are attractive systems 
which impart improved mechanical properties, while simultaneously increasing dimensional stability, stiff-
ness, strength and impact resistance [86-88]. By preparing PP nanocomposites in situ, with in situ forma-
tion of silicate nanoparticles by using an interlayer silicate modified by n-alkyl primary amine and PP-g-MA 
compatibilizer, an improved exfoliation of uniformly dispersed anisotropic nanoparticles was achieved [89]. 
The exfoliation of organoclay affords the in situ nano filler, which behaves as clay building bricks, to be 
uniformly dispersed into the PP matrix. The storage modulus was found to be three times that of the pure PP 
[88]. The improved mechanical properties of PP nanocomposites were attained by using SiO2-g-PS nanopar-
ticles, obtained by the modification of SiO2 through the irradiation-grafting polymerization of styrene[90].
The elastic modulus of the syndiotactic polypropylene (SPP) nanocomposites, based on organophilic layered 



166    www.textile-leather.com

GOWRI S, et al. Textile Finishing Using Polymer Nanocomposites for… TLR 4 (3) 2021 160-180.

silicates and grafted PP as compatibilizer, was higher over a wider temperature range than that of the 
unfilled SPP [91]. Zita Mlynarcikova et al. studied the influence of the spinning process on the properties 
and morphology of the SPP nanocomposite fibres [92]. From the mechanical and morphological study of 
the above nanocomposites, it has been found that the filler and the compatibilizer highly influenced the 
spinning process. In their work, the extruded sPP nanocomposite fibres were drawn on a vertical elongation 
device (at 708⁰C). The values obtained from the measurement of the tensile strength of the fibres of both 
the non-filled sPP and the sPP nanocomposite fibres showed that the non-filled sPP fibres have relatively 
high tensile strength values in comparison with the iPP nanocomposite fibres at the same drawing ratio.
It is known that porous materials are better assimilated by living organisms, considering their similar struc-
ture to that of hard tissues [93]. Therefore, it is important that the precursor fibres for biomedical appli-
cations should be characterized by an increased porosity [94]. On the other hand, typical, highly porous 
precursor fibres are characterized by having an inadequate level of tensile strength. It is also known that the 
tensile strength of carbon fibres directly depends on the strength of the precursor fibres [95]. Therefore, 
in the case of manufacturing PAN fibres dedicated for the production of carbon fibres for medical applica-
tions, it is important to select process parameters in such ways that the fibres obtained would have a rela-
tively high porosity and, at the same time, tensile strength that would allow for carrying out the carboniza-
tion process without any problems. The tensile strength of textile fibres also significantly depends on the 
type and the amounts of nano additives added to the fibre matrix which in term influences the interactions 
with the polymer matrix [96-98]. If carbon nanotubes are added to the fibre matrix, an increase in the fibre 
tensile strength is observed depending on the nanotube type and amount [99,100]. T. Mikolajczyk et al. 
examined how the addition of silver nanoparticles to polyacrylonitrile spinning solutions influences their 
rheological properties as well as the structure and properties of the fibres produced [101]. Consequently, 
tensile strength properties were only a little lower than those of the fibres without silver nanoparticles, 
although there was a significant increase in porosity.
Ceyhan Celik et al. studied the mechanical and electrical properties of the polymer blend of a tactic poly-
styrene and poly(phenylene ether) containing 5.0 wt% of graphite nanoparticles [102]. It was observed that 
the lack of bonding between the polymer and the nanoparticles resulted in reduced extrinsic mechanical 
properties. Both the tensile strength and elongation of the fibre were 20-25% less than those of the neat 
fibres. The modulus of the oriented fibre was unchanged by the addition of the graphite nanoparticles. The 
dip coating of the nanocomposite solution of organosilanes was done on textiles and it has been found 
that these super hydrophobic coatings showed good mechanical properties in terms of abrasion, scratch 
resistance and adhesion on the textiles. In addition to these properties, the coatings improved the tensile 
strength and elongation at break of the textiles [103].
Yadav et al. prepared ZnO nanoparticles and applied them on cotton fabrics using acrylic polymer as a matrix 
[104]. Along with the UV-blocking property, they studied and evaluated the friction and the mechanical 
properties of the treated fabrics. The friction was significantly lower in the case of nano ZnO-coated fabric 
than in bulk ZnO-coated fabric, due to the nano size and distribution. CNT–polyacrylate composites and CNT 
polybutacrylate composites were applied onto cotton fabrics using a simple surface coating method. The 
coated cotton textiles exhibited enhanced mechanical properties, flame retardancy, improved UV blocking 
and super hydrophobic properties [105].
A novel polyester fabric, with enhanced mechanical properties and photo-, bio- and magneto-activated by 
the in situ synthesis of TiO2/Fe3O4/Ag nanocomposites, which were coated onto the fabric surface, was 
developed by Tina et al. It has been shown that the tensile strength properties of the treated sample were 
enhanced when compared to the untreated fabric. The bending rigidity of the treated sample was reduced 
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by 76% in comparison to the untreated fabric, indicating a softer handle of the fabric [106]. The cotton fabric 
was finished with the PPMACC-AGE/MMT composite prepared by the polymer intercalation method. The 
tensile strength of the treated fabric was superior to that of the untreated fabric. It has been observed that 
the presence of montmorillonite in the composite was responsible for the improvement of thermal and 
flammability properties of the treated fabric [107].
In another research work, polymer nanocomposites were prepared from mixers of resin / clay, with various 
percentages of clay, and applied onto cotton fabrics. The mechanical properties were enhanced by the coat-
ings and the maximum clay percentage to enhance the mechanical performance was from 4% to 5% [108].
The tensile strength of the woven fabric coated with the MWCNTPP polymer composite showed optimum 
increase in tensile strength at 2 wt% of MWCNT added to the composite. The tensile strength of knitted 
fabric is higher in the wale direction than along the course direction [109].
Preetam et al. [110] prepared cotton fabric coated with graphite nano platelets filled polyaniline-gum Arabic 
nanocomposites and analysed the mechanical properties of the coated fabric. It has been observed that fabric 
coated with 3wt% Gnp/PANI-GA nanocomposites showed enhanced tensile strength of 145 N in the weft 
direction. The effect of polymer nanocomposite finishings on various types of textiles is indicated in Table 1.

Table 1. Effect of the polymer nanocomposite finishing on mechanical properties of some of the textile samples

S.No. Textile 
sample Nanofiller Polymer Impact on the mechanical properties of textiles Reference

1. Cotton Zinc Oxide Acrylic polymer The nano-ZnO coating was found to reduce the tensile 
strength of the fabric in the warp direction, with no 
significant change in the weft direction. The strain reduced 
significantly in both warp and weft directions.

(Yadav
et al. 2006)

104

2. Cotton CNT Polybutacrylate The tensile strength improvement of the CNTs-coated 
cotton fabrics along the warp direction, indicating 
that after being coated with the CNTs both the loading 
capability and flexibility (displacement) have been 
improved.

(Liu et al. 
2008)
105

3. Cotton MMT PPMACC-AGE The breaking strength of the fabrics finished with 
PDMDAAC-AGE/ MMT was superior to those of 
the unfinished fabric and the fabric finished with 
PDMDAACAGE. The bending length of finished fabrics was 
slightly higher than that of unfinished fabrics.

(Gao 
et al.2016)

107

4. Cotton Clay PU & PAC The mechanical performance of the fabric is globally 
increased versus the amount of clay in the two used resins. 
The maximum clay percentage to enhance the mechanical 
performance of a fabric is between 4% and 5%.

(Elamin
et al. 2015)

108

5. Woven 
fabric

MWCNT Polypropylene The maximum tensile strength along the weft direction of 
conductive woven fabrics is present when 2 wt% MWCNT 
is added. When the MWCNT content exceeds 2 wt% the 
tensile strength along the weft direction decreases,the 
agglomerated MWCNT forms stress concentration sites, 
thereby decreasing the tensile strength of conductive 
woven fabrics at higher concentration of3 wt% of MWCNT.

(Zheng-Ian 
et al. 2017)

109

6. Cotton Graphite 
nanoplatelets

Polyamide-gum 
Arabic

In another study the authors carried out In –situ 
polymerization to prepare GnP (Graphene nanoparticles) 
filled polyaniline–gum arabic (GnP/PANI–GA) 
nanocomposites. It has been observed that cotton fabric 
coated with 3 wt% GnP/PANI–GA nanocomposite showed 
enriched tensile strength of (145 N) in weft direction

(Preetam
et al. 2019)

110
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Polymer Nanocomposites for Radiation Shielding Fabrics

X-Ray Shielding Textiles

Lead-based material is generally used as a radiation-shielding material but due to its toxicity and severe 
health concerns its use poses, it is advisable to avoid these materials for such applications. Recently, X-ray 
protective materials based on lightweight nanoparticles have been gaining in importance. Nanoparticles can 
be successfully included in polymer matrices of X-ray and gamma ray shielding materials. Polymer nanocom-
posites proved to be an alternate solution for lead-based materials due to the properties like light weight, 
cost-effectiveness and a high potential for significantly attenuating X-rays. To shield from the high energy 
radiation, high density of the polymer is the main criteria. The following Table 2 gives density and theoret-
ical value of linear attenuation coefficient of some commercially available polymers.

Table 2. Polymers and their density and linear attenuation coefficient at 276 keV [111]

S.No. Polymer Density (in g/cc) Linear attenuation 
coefficient (cm-1)

1. Polyamide (Nylon 6) (PA-6) 1.13 0.1362

2. Polyacrylonitrile (PAN) 1.18 0.1370

3. Polyvinylidene chloride (PVDC) 1.63 0.1819

4. Polyaniline (PANI) 1.36 0.1576

5. Polyethylene terephthalate (PET) 1.38 0.1581

6. Polyphenylenesulfide (PPS) 1.35 0.1550

7. Polypyrrole (PPy) 1.48 0.1701

8. Polytetrafluoroethylene (PTFE) 2.20 0.2330

The radiation-barrier effects of polymer nanocomposites are attributable to the increased number of parti-
cles dispersed per unit of mass and also to the size effects at the nanometric dimension. Therefore, the use 
of polymer nanocomposites as a finishing on textiles with the purpose of radiation protection may have 
important advantages in terms of effective radiation shielding, lightweight and to replace the toxic lead 
and lead composites. A lot of work has been carried outon the use of polymer nanocomposites for X-ray 
and gamma ray shielding applications [112-114]. PDMS nanocomposites containing different weight (%) of 
bismuth oxide were studied by Nambiar et al. for the radiation attenuating properties, and they concluded 
that PDMS composites can be used as protective coatings [115]. To avoid lead aprons, Huda Ahmad et al. 
explored the suitability of bismuth oxide coating on textiles as an alternative to lead. It is evident from 
their study that bismuth oxide in a suitable resin matrix can be coated onto fabrics and that it is an effec-
tive method of providing flexible, wearable and lead-free aprons [116].
Aprons made of lead are being widely used to protect X-ray technicians and patients from harmful radia-
tions, with lead oxide being widely used as a protective material since the beginning of making protec-
tive aprons, but the weight and toxicity of lead are important limitations [116,117]. In all these aprons, 
nylon/polyester fabrics are used as the casing for lead sheets [118]. There are some examples of radiation 
shielding materials without lead as well as those lighter than lead-based materials that are available. [119-
122]. Polymer nanocomposites used for fabricating radiation shielding fabrics have been tested by many 
researchers [123,124]. An exploratory research was carried out at CSIR-AMPRI, Bhopal to develop X- ray 
shielding cotton fabrics based on the MWCNT (multi wall carbon nanotubes) nanocomposites. The cotton 
fabric was treated with plasma and the MWCNT coating in sodium dodecyl sulfate (SDS) was applied by dip 
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coating. The SDS-treated MWCNT and the coated fabric were studied under SEM (Figures 6(a), 6(b), 7(a) 
and 7(b)). As seen from Figure 6(a), the raw MWCNTs are in the form of agglomerated bundles and have a 
more fibre-like structure. These bundles were broken down into separate tubes and became shorter due 
to the sonication during the SDS (surfactant) treatment (Figure 6 (b)), since the treatment of MWCNTs with 
surfactants shortens the length of the MWCNTs. 
The FE (field emission)-SEM microscopy image of the MWCNT-coated fabric at different magnifications 
shows a microfibril structure. The FE-SEM figures show the pores of cotton fabric without the coating, being 
the pore walls formed from fibre bundles, and thus feature an interstice structure as shown in Figure 7(a). 
Figures 7(a) and 7(b) show that the MWCNT coating can effectively fill the pores and enwrap the walls of 
the pores i.e., the interstices of fibre bundles, thereby forming a shielding layer on the cotton fabric. Studies 
on evaluation of these MWCNT-coated cotton fabrics for X-ray shielding are in progress.

a) b)

Figure 7. (a) Uncoated cotton fabric (b) MWCNT-coated cotton fabric

Figure 6. (a) SEM image of untreated MWCNT and (b) SEM image of MWCNT treated with SDS

a) b)
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EMI/Microwave Shielding Fabrics

In recent years there has been a demand for using treated textiles for electromagnetic shielding applica-
tions. Textiles can be used for EMI shielding in protective garments [125,126]. EM shielding depends on 
electrical conductivity of the material, but textile materials are insulators and they can be made conductive 
by being treated with electrically conductive materials [127-130]. Shalu et al. synthesized the electrically 
conductive polypropylene (PP) and jute nonwoven fabrics by a chemical oxidative polymerization process 
[131]. The surface resistivity of PPy-coated PP nonwoven fabric was found to be superior to that of the jute 
nonwoven fabric.
Carbon nanotubes are potential materials for EMI shielding due to their electrical properties, high surface 
area, lightweight and mechanical properties. Carbon nanotubes have cylindrical nanostructure and they 
are allotropes of carbon. The cylindrical carbon molecules have unique electrical, thermal and mechanical 
properties, which are valuable for nanotechnology and other fields of material science and technology. Due 
to the simplicity of process and ease of handling, coating the textile surface with polymer nanocomposites 
is a suitable method among various textile treatment methods [132-134]. 
Electrically conductive polymer composites have received much attention recently compared to the conven-
tional metal-based EMI shielding materials [135]. They are corrosion resistant, flexible and easy to process 
due to their lightweight. Carbon nanotubes are one of the effective candidates for EMI shielding as the filler 
in polymer composites [136,137]. Nargis and Ismail have investigated cotton fabrics coated withpolyamide 
6 (PA6)/multiwalled carbon nanotubes with varying amount of MWCNT for electromagnetic shielding prop-
erties and the effects of MWCNT loading on electrical resistivity, shielding effectiveness, shielding mecha-
nism and also electromagnetic interference. They found that the highest electromagnetic shielding effec-
tiveness value was obtained at 20wt%MWCNT [138].
Durable electromagnetic interference-shielding cotton fabric was prepared by Lihua Zou et al. with Nafion-
MWCNT coatings. It has been shown that, in addition to the satisfactory shielding ability, the treated fabric 
exhibited good durability and superhydrophobicity [139]. Personal protective garments with high perfor-
mance in EMI-shielding properties were prepared by Mingweietet al. via layer-by-layer self-assembly 
approach. In this work poly(sodium 4-styrene sulphonate) PSS was used as a polyanion and chitosan was 
adopted as a polycation with graphene added by solution mixing. The resultant fabric exhibited EMI-shielding 
ability with the maximum SE value of 30.04 dB [140].
In a study by Sundaramoorthy et al. different conducting and non-conducting fabrics were taken for an 
analysis of the EMI-shielding ability. It was found that the surface resistivity can be used to predict the EMI 
shielding ability of the fabric due to a string inverse relationship between these parameters [141]. Tellakula 
et al. carried out the fabrication of impedance-graded composites containing polyurethane, carbon nano-
tubes, carbon fibres, and micro balloons. Polypyrrole (PPy) fabrics with different surface resistances were 
used along with these composites, and experiments were carried out to find the effect of the PPy fabric. 
It was found that both the surface resistance of the fabric and its location in the composite are critical for 
the reflection property of the electromagnetic absorber [142]. 
A methodology and a material for the production of flexible, lightweight and porous conductive fabric for 
EMI shielding was reported by Renata et al. These novel shielding fabrics were fabricated by coating with 
the carbon-nanotube composite consisting of polymers and metal nanoparticles. The EMI shielding of the 
fabric was 95-99.99% (40 dB) and CNT was found to be the most effective shielding material [143]. It has 
been shown by MazeyarGashtiet al. that nano zircon can be used in various polymer nanocomposites and 
textile coatings to increase the EM reflection properties. In this work, nano ZrO2 particles were stabilized 
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on wool surface by using citric acid as a cross-linking agent and sodium hypo phosphate (SHP) as a catalyst 
under the UV radiation. The results indicated that stabilized nano zirconia enhanced the flame retardancy 
and electromagnetic reflection of wool [144].
It has been reported that the fabric preforms made from multiwalled carbon nanotubes and carbon fibres, 
which were reinforced in epoxy resin to make composites, produced significant electromagnetic shielding 
effectiveness of -51.1 dB for CF-MWCNT/epoxy composites with the thickness of 2 mm [145]. Mazeyar 
Gashti et al. developed a method for the production of polypyrrole-based nanocomposites which can be 
applied as high electromagnetic shielding on textiles. In this methodpolypyrrole was prepared by a one-step 
UV-inducing polymerization by using AgNo3 as a catalyst for the oxidation of pyrrole monomers [146]. A 
simple and convenient approach for the fabrication of EMI-shielding textiles was developed by Lihua et al. In 
their work polyaniline-coated (PANI) carbon nanotube (CNTs) coating has been deposited onto a commercial 
fabric. The coated fabric had an exception EMI SE of 23.0dB. Simultaneously, the polymer nanocomposite-
coated fabric exhibited a high adsorption ratio of the incident electromagnetic energy with distinguished 
EMI-shielding performance [147].
In a recent research work, phase separated PEDDT-PSS, ornamented with reduced graphene oxide (rGo) 
nano sheets, was deposited on the newly fabricated ultra-lightweight superhydrophobic merino wool/
nylon (W-N) composite textile by a dipping and drying method. The coated textile showed electromagnetic 
shielding efficiency of 73.8dB (in the X-band) and the hydrophobicity of the coating lead to an excellent 
EMI-protective cloth, combined with an excellent performance under high mechanical or chemical toler-
ance [148]. Recently Shivam et al. reported zinc oxide and reduced graphene oxide-coated cotton fabric for 
the application of EMI shielding in the X-band (8.2-12.4GHZ). The coated cotton achieved highest total EMI-
shielding effectiveness of - 99.999%. Such high EMI shielding is attributed to highly dielectric ZnO nanopar-
ticles, highly conductive rGo sheets and the core shell structure of the coated cotton fabric [149].
Mengwei et al. reported a facile approach with excellent EMI-shielding performance using polyurethane 
and a filler consisting of 80% of CNT and 20% of graphene nanoparticles applied onto the textile by a 
dipping method. The electromagnetic interference shielding effectiveness (EMISE) of the coated textile 
could achieve 35dB with the thickness of 0.35mm and the reflectivity of ca.41.4% [150]. The comparison of 
the above results show that the EM properties and the EM absorption properties of polymer nanocompos-
ites are increased with the increase in percentage by weight (wt%) of nanofiller materials like CNT, carbon 
fibres and graphene oxide. 
Polypyrrole PPY/Al2O3 nanocomposites were prepared by the polymerization of pyrrole by using iron trichlo-
ride (FeCl3) as an oxidant in the presence of Al2O3 nanoparticles. The obtained nanocomposites absorbed 
more than 53% of the incident microwave radiation after passing through a thick composite-coated textile 
[151]. Research work has been carried out to load amine functionalized multiwalled carbon nanotubes 
(NH2-MWCNT) onto the polyester-fabric surface to obtain microwave shielding fabrics. The best microwave 
shielding properties were obtained from the fabric treated with plasma, which was then coated with 10% 
of NH2-MWCNT in the presence of acrylic acid [152].

CONCLUSION

Polymer nanocomposites are a promising material with a potential for various applications in the textile 
industry, with regard to imparting various functional properties to textiles. In this review we have discussed 
radiation shielding, flame retardancy and enhanced mechanical properties of the textiles treated with 
polymer nanocomposites. It is evident from the earlier extensive research work that polymer nanocompos-
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ites are a new class of organic/inorganic hybrid material showing impressive performance for fire retardant 
application. Earlier research studies also show it is possible to improve some of the mechanical properties 
such as tensile strength and stiffness of the textiles by the application of certain polymer nanocomposite 
finishings. Recent research works on radiation shielding textiles suggest carbon nanotubes are a good candi-
date for imparting radiation-shielding property to the polymer nanocomposite finishing.
Polymer nanocomposite finishings open up a new area of textile finishing by which a wide range of technical 
textiles can be produced. Multifunctional textiles finished with polymer nanocomposites, which are manu-
factured by environmentally friendly processes, are highly efficient. Textile products finished with polymer 
nanocomposites have wide applications in the handloom industry, the manufacturing industry and textile 
industries. Keeping in view the industrial application of polymer nanocomposites the further research work 
must be carried out to develop simple techniques which can be easily adopted by the industries.
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