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 This paper aims at exploring the revolutionary filed of nanotechnology and some of its promising aspects in the 

innovative filed of polymer nanocomposites because they shows substantially improved physical properties as compared to 

neat polymers. The polymer layers silicate nanocomposites are an important class of hybrid organic inorganic materials 

with improved mechanical, thermo and thermomechanical properties. They also show superior UV and chemical resistance 

and are widely being investigated for improving the gas barrier and flame retardant properties. The common synthesis 

techniques to produce polymeric layered silicate nanocomposites and their feasibility as coatings for textiles to improve the 

property mix have been discussed along with the improved properties of these materials. Polymer nanocomposite based 

coatings for enhanced gas barrier properties have also been reviewed. A feasibility study on polymer/clay     

nanocomposite based coating for inflatable has been done and it is found that the polyurethane/clay nanocomposite based 

coated fabric shows an encouraging result on improving the gas barrier property for inflatables. 
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1. Introduction 

 

Polymer nanocomposites (PNC‟s) are a new class of 

composites for which at least one dimensions of the 

dispersed particles is in the nano range ~ 10-100 nm. 

They combine two concepts i.e. composites and 

nanometer size materials. Since, nanometer size grains, 

fibers and plates have dramatically increased surface 

area compared to their conventional size materials, the 

properties of these nanosized materials is altered 

compared to conventional materials. They often have 

properties that are superior to conventional microscale 

composites because of strong interaction between 

components and can be synthesized using simple and 

inexpensive techniques. As compared to neat resins, 

these composites have a number of significantly 

improved properties including tensile strength, 

modulus, heat distortion temperature, gas barrier 

properties, flame retardant property etc. This aspect of 

nanotechnology giving having dramatically improved 

material properties has the potential of finding 

applications as engineering plastics, polymer products, 

rubbers, adhesives and coatings 
[1,2]

. 
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The hybrid organic- inorganic nanocomposites have 

attracted a great interest since they frequently exhibit 

unexpected hybrid properties synergistically derived 

from two components. One of the most promising 

candidates is based on organic polymers and inorganic 

clay minerals consisting of silicate layers 
[3,4]

. Polymer 

layered silicate nanocomposites show superior 

mechanical properties (e.g. 40% increase in room 

temperature tensile strength), heat resistance (e.g. 100% 

increase in heat distortion temperature), improved 

abrasion resistance, chemical resistance and gas barrier 

(100 fold decrease in 02 & H20 permeability) compared 

to neat polymers, just by addition of 0.1-10-volume % 

of nanoclays. Coatings and films based on these 

organic-inorganic hybrid materials are endowed with 

exceptional mechanical and thermal stability, allowing 

small thickness and making them very interesting for 

various applications. The organic component in the 

matrix offers the advantages of mechanical toughness 

and flexibility while the inorganic component provides 

hardness, thermal stability and gas barrier properties. 

  

Coated fabrics find an important place as technical 

textiles and are used extensively in defence, 

transportation industry, health care, architecture, space, 

and sports and in control of environmental pollution. 



 

Particularly, the impermeable coated fabrics find a very 

large application in aerospace/aeronautics/defence as 

inflatable, which include balloons for passive air 

defense and surveillance, floatation systems for 

recovery of missiles, space payload and emergency 

landing of helicopters on sea etc. The use of polymer 

coatings in these applications is limited because of low 

scratch resistance, poor weathering resistance, poor 

adhesion to substrate or high coating permeability to 

air/gas. Further enhancements in properties like gas 

barrier, chemical and environmental resistance, scratch 

and abrasion resistance, adhesion, thermal resistance 

and flame retardance is desirable for advanced 

applications in the field of Defense and Aerospace etc. 

An innovation used to overcome these limitations is the 

incorporation of nanosized particle/fillers into polymer 

base. Polymer nanocomposites have recently attracted 

attention of coating industry because they show 

substantial improvement in physical properties as 

compared to pure polymers 
[5-7]

. 

 

This paper describes the synthesis and properties of 

polymer layered silicate nanocomposites and their 

feasibility as coatings for textiles for enhanced gas 

barrier and other physical properties as reported in 

literature. The investigations on polyurethane-clay 

based nanocomposite coatings for inflatable ongoing 

under a sponsored research project are also discussed. 

 

2. Polymer layered silicate nanocomposites 

 

In the late 1980s, Toyota Central Research Labs in 

Japan teamed up with Ube Industries Ltd., a Japanese 

resin supplier to produce a new composite polymer 

consisting of nylon-6 interphased with layers of 

montmorillonite, layered silicate clay. The clay greatly 

improved the mechanical properties of the nylon with 

very small filler loading (less than 50% by wt). Toyota 

subsequently used the material for timing belt cover and 

other under the load automotive applications, 

capitalizing on the materials heat resistance and 

dimensional stability. The work was significant, 

because clay platelets, which are just 10 Ao thick, are 

dispersed homogenously in the polymer matrix at the 

nanometer level. The prospect of dramatic weight 

savings and improvement in properties set off research 

activity for applying this technology to wide variety of 

polymers, both thermoplastics and thermosets. Over the 

last decade, polymer layered nanocomposites have been 

a hot topic of research among researchers from both 

academics as well as industry 
[8,9]

. 

2.1. Layered silicates 

 

Layered Silicates (alternatively referred to as 2:1 

layered aluminosilicates, phyllosilicates, clay minerals 

and smectites ) are the most commonly used inorganic 

nanoelements in PNC research to date 
[1-3]

. The 

Chemical Structure is: 

 

Montmorillonite  - M x (Al4- x Mg x) Si8 O20 (OH)4 

M = monovalent cation; x = degree of isomorphous 

substitution (between 0.5 and 1.3). 

 

Their crystal lattice consists of two-dimensional layers 

where a central octahedral sheet of alumina or magnesia 

is fused to two external silicate layers.  Depending on 

the precise chemical composition of the clay, the sheets 

bear a charge on the surface and edges, this charge 

being balanced by counter ions, which reside in part in 

the interlayer spacing of the clay. Stacking of the layers 

by weak dipolar or Van der Waal forces lead to 

interlayer or galleries between the layers. 

 

The galleries are normally occupied by inorganic 

cations (Na
+
, Ca

++) 
balancing the charge of the oxide 

layers. These cations are readily ion-exchanged with a 

wide variety of positively charged species .The number 

of exchangeable interlayer cations is also referred to as 

the cation exchange capacity (CEC). This is generally 

expressed as milliequivalents/100g and ranges between 

60 and 120 for relevant smectites . Thus, in short (as 

shown in Figure 1) in layered silicates, the Van der 

waals interlayer or gallery containing charge 

compensating cations (M
+
) separates covalently bonded 

oxide layers, 0.96 nm thick, formed by fusing two silica 

tetrahedral sheets with an edge shared octahedral sheet 

of either alumina or magnesia. 

 

Pristine layered silicates usually contain hydrated Na+ 

or K
+
 ions. One important consequence of the charged 

nature of the clays is that they are generally highly 

hydrophilic species and therefore naturally 

incompatible with a wide range of polymer types. 

Therefore clay often must be chemically treated in 

order to make it organophilic. When the inorganic 

cations are exchanged by the organic cations, these are 

called organically modified layered silicates (OMLS). 

Generally this can be done by ion exchange reactions 

with cationic surfactants including primary, secondary, 

tertiary and quaternary alky ammonium or alky 

phosphonium cations. These cations in the 

organosilicate lower the surface energy of the inorganic  
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Fig. 1.   Structure of  2:1 phyllosilicates and dimension of clay 

particle. 

 

host and improve wetting characteristics of the polymer 

matrix or in some cases initiate the polymerization of 

monomers to improve the strength of the interface 

between the inorganic and polymer matrix 
[10]

. 

 

2.2. Structure  

 

The complete dispersion of clay into the polymer 

involves reducing the micron size clay particles to 

nanosize and dispersing them throughout the polymeric 

resin. The dispersion of clay tactoids in a polymer 

matrix can result in the formation of three types of 

nanocomposites 
[8,9]

 as shown in Figure 2. 

 

  
 

 

 

 
 

Fig. 2.   Scheme of different types of composite arising from the 

interaction of layered silicates and   polymers: (a) phase separated 

microcomposite; (b) intercalated nano composite and (c) exfoliated 

nanocomposite. 

 

 

The first one is q conventional microcomposite, where 

polymer is unable to intercalate between the silicate 

sheets, a phase-separated composite is obtained (Figure 

2a), and whose properties stay in same range as 

traditional composites. The second one is intercalated  

structure (Figure 2b) in which a single (and sometimes 

more than one) extended polymer chain is intercalated 

between the silicate layers resulting in well ordered 

multilayer morphology built up with alternating 

polymeric and inorganic layers. In case of 

intercalations, the organic component is inserted 

between layers of clay such that interlayer spacing is 

expanded but the layers still bear a well- defined spatial 

relationship to each other. The third type is formed 

when the silicate layers completely separated and the 

individual layers are distributed throughout the resin 

matrix (Figure 2c) and ensure complete random 

dispersion of layers within the polymer matrix. 

Normally a nanocomposite may be partially intercalated 

or exfoliated or a combination of two structures. 

 

The dispersion of clay in the polymer matrix to form 

intercalated or exfoliated structure is often investigated 

using X-Ray Diffraction (XRD) and Transmission 

Electron Microscopy (TEM) techniques. 
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2.3. Synthesis  

 

Complete dispersion of clay tarpoids in a monomer or 

polymer matrix involves three steps. The first is wetting 

the surface of clay tactoids by monomer or polymer 

molecules. The second step in intercalation of the 

monomer into the clay gallaries and third step is 

exfoliation of clay layers. In polymer nanocomposites, 

following routes ensure incorporation of clay into the 

polymer matrix at nanolevel- 

 

2.3.1. Direct Intercalation 

 
This method consists of the spontaneous penetration of 

the polymer in the two-dimensional interlayer space by 

mixing the silicate and the polymer 
[1]

. Example: poly 

(ethylene oxide). Most polymers are incompatible with 

the silicate making this method unsuitable. 

 

2.3.2. In situ Intercalative polymerization  

 
This method consists of the insertion of molecules or 

ions acting as monomers, which could be included to 

polymerize within the intracrystalline region of the two-

dimensional solid. The presence of transition metal ions 

either as exchangeable cations are included in the 

structure of the layered solids to obtain the composites. 

This is the most successful approach to date, although it 

probably limits the ultimate applicability of these 

systems 
[10]

. Example: Polyamide 6 – clay 

Nanocomposite. In a typical synthesis modified clay is 

dispersed in the monomer caprolactum , which is 

polymerized to form Polyamide 6 – clay  hybrid as an 

exfoliated composite .Complete exfoliation may be 

preceded by intercalation of the monomer in the clay. 

 

2.3.3. Ultrasound Irradiation 

 
Ultrasound irradiation, as a new technology, has been 

widely used in chemical synthesis. When ultrasonic 

waves pass through a liquid medium, a large number of 

micro bubbles form, grow, and collapse in a very short 

time, about a few microseconds, which is called 

ultrasonic cavitations. These ultrasonic cavitations can 

generate a local temperature as high as 5000K and local 

pressure as high as 500 atm, a heating and cooling rate 

greater than 109 K/s, which is a very rigorous 

environment. Therefore, ultrasound has been 

extensively applied in the dispersing, emulsifying, 

crushing, and activating of particles 
[10]

. Ex:  

Polyaniline/ Nano-SiO2  

 
2.3.4. Solution Polymerisation 

 
The layered silicate is exfoliated into single layers using 

a solvent in which the polymer (or a prepolymer in case 

of insoluble polymers such as polyimide) is soluble.  It 

is well known that such layered silicates, owing to the 

weak forces that stack the layers together can be easily 

dispersed in an adequate solvent. The polymer then 

adsorbs onto the delaminated sheets and when the 

solvent is evaporated (or the mixture precipitated), the 

sheets reassemble, sandwiching the polymer to form, in 

the best case, an ordered multilayer structure 
[8]

. Polar 

solvent can be used to synthesize intercalated polymer-

clay nanocomposites as 
[10]

. The organoclay at first is 

dispersed in a non-polar solvent such as toluene. 

Alkylammonium treated clays swell considerably in 

non-polar organic solvents, forming gel structures. The 

polymer, dissolved in the solvent, is added to the 

solution and intercalates between the clay layers. The 

last step consists in removing the solvent by 

evaporation. Ex: Polyurethane clay nanocomposite 
[11]

, 

gelatin/MMT. 

 

2.3.5. Emulsion Polymerisation 

 
It is a new method to synthesize polymer 

nanocomposites. Synthesis is based on one step 

emulsion polymerisation. It eliminates the 

environmental problems associated with the solution 

polymerisation process; and involves addition of 

surfactants with unmodified silicate clay under stirring 

conditions. Monomer is fed with the initiator. Emulsion 

proceeds under vigorous agitation conditions. The 

reaction mixture is cooled to room temperature. The 

final product is obtained after filtration and washing 

several times with water. It is then dried under reduced 

pressure. 
[8,12]

 Ex: Poly (methyl methacrylate/MMT). 

 

2.3.6. Melt Blending (Compounding) 

 

Intercalation with the aid of an extruder has been 

achieved by mixing the modified silicate with polymers 

in the melt 
[13]

, Example: Poly (propylene) 

nanocomposites by melt compounding organophilic 

clays with maleic anhydride grafted PP 
[14]

. The layered 

silicate is mixed with the polymer matrix in the molten 

state. Under these conditions and if the layer surfaces 
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are sufficiently compatible with the chosen polymer, 

the polymer can crawl into the interlayer space and 

form either an intercalated or an exfoliated 

nanocomposite. In this technique, no solvent is 

required. Melt blending (compounding) depends on 

shear to help delaminate the clay and can be less 

effective than in situ polymerization in producing an 

exfoliated nanocomposite. 

 

2.4. Properties  

 
The polymer layered silicate nanocomposites possess a 

unique combination of properties at very low volume 

fractions of the filler, not achievable by conventional 

composites. The properties of interest for its application 

as coatings for various substrates i.e. textiles, plastics, 

metal and wood etc. are as given below- 

 

In conventional polymer clay composites, fillers form 

aggregates, which remain undisturbed   when, mixed 

into the polymer. Thus increased tensile and other 

properties may be achieved by using higher 

conventional filler loading at the expense of increased 

weight and decreased gloss. By contrast in Polymer 

nanocomposites, uniform dispersion of these nanosized 

filler particles produces an ultra large interfacial area 

/unit volume between the nanoparticle and host 

polymer. These nanoelements are characterized by very 

high aspect ratio (often up to 2000) 
[8,9]

. Thus their 

effective dispersion in polymer matrix in combination 

with adequate interfacial adhesion between filler and 

polymer and nanoscopic dimensions between 

nanoelements can account for same effects at lower 

loadings than with conventional filler thereby achieving 

weight reduction.  

 

 Polymer layered Silicates nanocomposites exhibit 

superior mechanical characteristics (e.g 40% increase 

of room temperature tensile strength), heat resistance 

(e.g 100% increases in heat distortion temperature), 

chemical resistance (e.g~ 10 fold decrease in O2 & H2O 

permeability) and improved abrasion resistance 

compared to the neat resin, just by addition of 0.1-10-

vol% of nanofiller 
[1,2]

. For example: In nylon 

nanocomposites, where addition of 4-wt% alumino 

silicate creates a substantial increase in strength and 

modulus due to increase in interfacial interactions 

between the silicate layer and polymer chains. 

 

Nanofillers like layered silicates have the potential to 

reduce the permeability of polymers. It is believed that 

these nanoelements present a torturous path (due to 

large aspect ratio of the silicate layers) for the 

gases/liquids thereby slowing lower their rate of 

passage. Relatively low filler concentrations are 

required (2%)
[2]

. For example: as a result of nanoscale 

dispersion, water vapour permeability is reduced by 

about five fold in polyurethane nanocomposites for 

biomedical applications 
[11]

. 

 

These nanocomposites show superior physical 

properties such as thermal and mechanical without 

adversely affecting the optical properties (translucency) 

of the sample. The reason is that the size of the 

dispersed particles is very small (in nano range) < 100 

nm and does not scatter light, maintaining the optical 

clarity of the sample.  

 

Improved flame retardance shown by these 

nanocomposites can be of be of advantage. Most flame 

safe coatings protect the substrate by forming an 

insulation layer during combustion. In the same 

manner, nanoelements like multi-layered silicate 

appears to act as an excellent insulator and thus 

improve flame retardance 
[1,2]

. 

 

3. Polymer nanocomposite based gas barrier 

coatings  

 

Properties of traditional materials change and the 

behaviour of surfaces start to dominate the behaviour of 

bulk materials at nanoscale. Such effects include 

ultraviolet (UV) blocking, antistatic and conduction 

capabilities, which have been taken advantage of to 

improve the properties of paints and coatings. It has 

been reported that by incorporation of nanoparticles, the 

thin film coatings have stronger bonds and better 

flexibility with little cost difference. These coatings are 

smoother, stronger and more durable. When used on 

products, the results range from scratch resistant and 

self-cleaning surfaces to moisture absorbing clothing 
[5,7,15]

. Many companies around the world are using the 

properties of nanoparticles and are incorporating them 

within their coatings. Organic-inorganic hybrid coatings 

are of increasing interest in industry due to their 

widespread applications. 

 

The improved gas barrier property is of significance to 

applications where retention of gases or air is very 

critical e.g. packaging, inflatables such as balls, tyres 

etc and specialty applications like hot air balloons, 

stratospheric balloons, floatation system and other 
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aerial delivery systems used in defense. Although 

polymeric materials in the form of films or coated 

fabrics are attractive candidates for each of these and 

many other applications, the issue, which concerns the 

manufactures, is minimization of gas permeability.  

 

The migration of gases through polymeric materials has 

become a critical factor in the ability of food packagers 

to increase the shelf life of products or retention of 

gases i.e H2 or He in hot air balloons or retention of air 

in tennis balls. The migration of CO2 out of soda bottles 

can reduce shelf life by allowing the soda to become 

flat; O2 migrating into beer bottles react with the beer to 

make it stale. The migration of oxygen through auto 

and truck tires causes steel belt to rust reducing tyre‟s 

life. In other words, maximizing the gas barrier 

properties of the polymers is highly desirable for such 

applications. 

 

The research on the introduction of clay and clay like 

nano particles, both natural and synthetic into polymers 

is centered on the maximization of these barrier 

properties. The four factors that is important to 

maximize the barrier properties of polymer/clay 

nanocomposites are–  

 

Exfoliation: 

 

The aspect ratio of the particles must be such that they 

are very thin in cross-section, but present a large 

surface area in its flat dimensions, with the objective of 

maximizing gas barrier properties while minimizing the 

effect of the particle on material density, weight, color 

etc. The structures, where clay particles are completely 

exfoliated into individual platelet have a thickness of 

order of one nanometer with lengths and widths of 

order of 500nm. 

 

Compatibilization: 

 

The natural „aluminium silicate‟ have to be 

functionalized to make it compatible with organic   

polymer matrix.  

 

Orientation:  

 

The dispersed particles must be oriented, so that the flat 

surface of clay is parallel to surface of film, which 

helps in maximizing the barrier properties. 

 

 

Reaggregation: 

 

During final processing, these particles have to be 

prevented from reaggregating or clumping. 

A glance at the literature available shows interesting 

applications of polymer nanocomposites as coatings 

with attractive combinations of properties not 

achievable by neat polymeric conventional coatings. 

Both scientists as well as industry are actively engaged 

in exploring the potential applications of polymer 

nanocomposites as advanced coating options and some 

of the developments in this area are described in this 

paper. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3.  Formation of tortuous path in PLS nano-composites 

 

 

Research on a novel nanocomposite approach for 

reducing gas permeability through biomedical 

polyurethane membranes have been described 
[11]

. 

Nanocomposites were prepared using commercially 

available poly (urethane urea) (PUU) and two 

organically modified layered silicates (OLS). Wide-

angle X-ray diffraction experiments showed that the 

silicate layer spacing in the nanocomposites increased 

significantly compared with the neat OLS, signifying 

the formation of intercalated PUU/OLS structures. The 

nanocomposite materials exhibit increased modulus 

with increasing OLS content, while maintaining 

polymer strength and ductility. Water vapor 

permeability was reduced by about fivefold at the 

highest OLS contents, as a result of PUU/inorganic 

composite formation Clays are believed to increase the 

barrier properties by creating a maze or „tortuous path‟ 

(Figure 3) that retards the progress of the gas molecules 

through the matrix resin 
[9]

. 
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The H2O-vapor permeability for the PUU/OMLS 

nanocomposites is presented in Figure 4 in terms of 

Pc/Po; the ratio of the permeability coefficient of the 

nanocomposite (Pc) to that of the neat PUU (Po). The 

nanocomposite formation results in a dramatic decrease 

in H2O-vapor transmission through the PUU sheet. The 

solid lines in Figure 4 are based on the tortuosity model 

for aspect ratios of 300 and 1000. The comparison 

between the experimental values and the theoretical 

model suggests a gradual change in the effective aspect 

ratio of the filler. 

 

Polyurethane/clay nanocomposites have been prepared 

by both in situ polymerization and solution intercalation 
[16]

. Exfoliation of nanocomposites was indicated by 

XRD and TEM. The X-ray analysis showed that 

exfoliation occurred for low montmorillonite content, 

whereas for higher contents the intercalated clay 

rearranged to a minor extent. The mechanical and 

dynamic–mechanical analysis showed an improvement 

of the elastic modulus and yield stress, but a decrease of 

the stress and strain at breaking on increasing the clay 

content. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4.  Relative H2O vapor permeability for the PUU 

nanocomposites. The nanocomposit formation results in a dramatic 

decrease in H2O vapor transmission through the PUU membrane. 

The solid lines represent the theoretical value for aspect ratios= 300 

and 1000 [16] 

 

 

The transport properties were investigated by the author 
[16]

 using water vapor as a hydrophilic solvent and 

dichloromethane as a hydrophobic one. In fact, in this 

way the barrier and the physical properties of a 

multiphase system composed of hydrophilic regions 

(OMont) and dispersed hydrophobic phase (PU) were 

studied. In figure 5 the logarithm of permeability to 

water vapor, as a function of OMont content in NPUs is 

reported. The permeability decreases linearly up to 20% 

of OMont, and then a plateau value is reached. Since 

D0, zero conc. diffusion coefficient and S, sorption 

parameter of the NPUs has opposite trends it is 

concluded that the permeability behavior, at low 

activities, is largely dominated by the diffusion 

phenomenon. 

 

For hydrophobic vapour the logarithm of permeability 

of the nanocomposites to dichloromethane as a function 

of the OMont content in NPUs is shown in Figure 6. As 

observed for the water vapor, a higher content of 

OMont in the hybrids gives rise to lower values of the 

permeability, and the improvement of the barrier 

properties, also in this case, is significant up to 20% of 

OMont. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5.  Log of permeability (P) of all the samples to the water vapor 

at 300C as a function of OMont content [16] 

 

 Polyester nanocomposites for high barrier applications 

has been reported: the polyester having dispersed 

therein at least one layered clay material which has 

been cation exchanged with an organic cation salts for 

high barrier applications for use in packaging 

applications 
[17]

. The US patent 6,486,253 
[18]

 claims an 

invention, which relates to a polymer-clay 

nanocomposite having an improved gas permeability 

comprising a melt-processible matrix polymer, and 

incorporated therein, a layered clay material 

intercalated with a mixture of at least two organic 

cations. Dispersion of organophilic montmorillonite for 

organic solvents in solvent-based nanocomposite 

coatings has been studied 
[19]

. This study aims to 

determine the relevant parameters controlling the 
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organophilic montmorillonite dispersion in various 

organic solvents, which can be used as dispersion 

media for polymer coatings. 

 

Recently Wilson Sporting Goods have introduced the 

Wilson Double Core Tennis Ball. The manufacturers 

claim that these balls retain their pressure and bounce 

for twice as long as conventional tennis balls 
[20]

. The 

reason that these balls last twice as long is the inner 

core of the balls, coated with a narrow composite 

coating that inhibits the permeation of air by 200% 

from the inside of ball. The coating was developed by 

InMat and utilizes aligned vermiculite platelets to 

impede path of air from escaping. The platelets have an 

aspect ratio of 10000 to 1 and significantly increase the 

path/ travel distance for the air. The patented coating is 

known as Air D-fense® and is mixed at low viscosity 

and hence low shear stress. The techonology is being 

extended to tire industry, where these coatings would 

inhibit the migration of oxygen inside the tire, which 

affects the life of the steel tire cord. This further offers 

the opportunity to reduce weights, improve fuel 

efficiency and improve pressure retention and reduce 

recycling and incineration costs. InMat inc. plans to 

continue development of soccer balls, footballs bicycle 

tires, automobile tires and truck tires based on this 

technology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Fig. 6 Log of permeability P of all the samples to the 

dichloromethane vapour at 250C as a function of OMont content [16] 

 

Another interesting European Patent 
[21]

, reports an 

invention called Tubeless Tire in which air permeability 

is significantly decreased. It relates to a Tubeless Tire 

wherein an air chamber is formed between the inner 

face of a tire body and a resin. A gas barrier layer, 

compromising an inorganic layered compound having a 

particle size of atmost 5 mµ m and an aspect ratio of 50 

to 5000 and a resin is formed on the inner face of the 

Tire body. 

 

A series of polymer-clay nanocomposites was prepared 

by dispersing the inorganic MMT clay into organic 

matrix polystyrene – acrylonitrile (PSAN) by in-situ 

thermal polymerization 
[22]

 and used as coatings on cold 

rolled steel. The PSAN-clay nanocomposite coatings 

showed superior anticorrosion properties as compared 

to bulk PASN. This has been attributed to about 30 and 

72% reduction in H2O and O2 permeability 

respectively, by addition of low clay loadings of 3-wt%. 

These nanocomposite coatings also had improved 

thermal stability. 

 

Another US patent 2003 01 8 7120 
[23]

 describes 

coatings and films based on wax/clay nanocomposites 

having applications as protective packaging and 

industrial coatings with improved chemical resistance 

and gas barrier properties 

 

Nanocor  
[24]

 have developed nanoclay based polymer 

nanocomposites for use in packaging like beer bottles, 

which act as a barrier allowing for thinner material with 

a subsequently lighter weight and greater shelf life. It is 

estimated that these containers will gain an extra 60 

days of shelf life, reducing spoilage and decreasing 

overall costs to end user. 

 

Nanolok 
TM

 
[25]

 technology for coating was pioneered 

by In Mat Inc, and provide extremely efficient gas 

barrier to elastomeric substrates while retaining a high 

degree of flexibility. These coatings are aqueous 

suspensions of nanodispersed silicates and elastomers 

and can be applied by spray, dip or roll coating 

processes to a variety of substrates. These coatings have 

reduced weight, high gas barrier, flexibility and are 

environment friendly. 

 

Nanocomposite coatings 
[6]

 based on UV curing of clay 

or colloidal silica filled acrylic or epoxy resins is also 

being studied. The coating had improved impact 

resistance, tensile strength, and hydrophobicity. Clay 

also imparts surface roughness and makes it an efficient 

matting agent. Nylon 11 coatings filled with nano sized 

silica and carbon black has been reported to give an 
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improvement of 35% in scratch, 67% in wear resistance 

and 50% decrease in water vapour transmission rate 

through nano reinforced coatings compared to pure 

polymer coatings 
[7]

. 

 

Research on silicon oxide thin films developed as gas-

barrier protection for polymer-based components is 

reviewed, with attention paid to the relations between 

(i) coating defects, cohesive strength and internal stress 

state, and (ii) interfacial interactions and related 

adhesion to the substrate have been discussed 
[26]

.  

  

High luster, flexible multilayered film with a polyamide 

outer layer containing nanodispersed filling material 

and utilization of said film for packaging foodstuffs are 

also reported 
[27]

. Composition for adhesion of 

polyurethane-coated nylon fabrics: aromatic mono-, di, 

or trihydroxy compounds are used alone or containing 

peel strength-improving additives, in association with a 

polyurethane adhesive, for adhering a polyurethane-

coated nylon fabric to another polyurethane-coated 

nylon fabric to form a polyurethane-coated nylon 

composite 
[28]

. 

 

The properties of polymer nanocomposite based 

coatings can be further enhanced by surface 

engineering of nanoparticles to ideally suit the needs of 

specific applications. The chemistry of polymer 

nanocomposite formulations can be optimized to 

achieve coatings with best performance. The synthesis 

of these nanoparticles in larger quantities is also being 

attempted 
[29]

. 

 

4. Polyurethane/clay based coatings for inflatables- 

An investigation 

 

Most commonly used materials for inflatables include 

coated fabrics based on nylon, polyester or Kevlar as 

base material and polyurethane and rubbers such as 

neoprene, butyl rubber, hypalon, nitrile, EPDM 

(Ethylene Propylene Terpolymer) etc. as polymeric 

coatings. Films of polyester (Mylar) and polyvinyl 

fluoride (Tedlar) are also used 
[30,31]

. The coating 

materials must meet the important criteria of high 

strength to weight ratio, maximum impermeability to 

gases, high resistance to degradation due to UV rays, 

hydrolysis, abrasion and other environmental factors 

and ease of fabrication i.e. RF, thermal and adhesive 

sealability. Polyurethane qualifies as an excellent 

coating material for inflatable owing to inherent 

properties like RF sealability, good adhesion property, 

abrasion resistance, suitable for frequent – flex 

application (packing – unpacking cyclic), flexibility at 

low temperature, resistance to ozone, U V radiation, 

mold, mildew /fungus and other environmental factors 
[32]

. 

  

However it has contains drawbacks such as lower 

thermal stability and poor barrier properties. To 

overcome the above drawbacks, novel 

Polyurethane/MMT (clay) based nanocomposites as 

coatings for inflatables has been explored in an ongoing 

research project at Department of Textile Technology, 

Indian Institute of Technology, Delhi. A brief report on 

the above investigation is described here. 

 

4.1. Materials and Methods 

 

4.1.1. Materials 

 

The fabric used was Nylon 6,6 procured from M/S. 

Kusumgar, Mumbai. The specifications for the fabric 

are 80 GSM, Ends/inch=40, Picks/inch=40 and 

Breaking strength 75 kgf (warp & weft). The polymer 

used for coatings was thermoplastic Polyurethane 

(Estane-T-54620) from Noveon Inc.USA. The cross 

linking agent used was Imprafix-TH from Bayer. The 

modified organophillic MMT clay Closite® 30   was 

procured from Southern Clay Products Inc. USA. N-N-

Dimethyl Formaldehyde (DMF) and Toluene (GR) 

from Merck were used as solvent. 

 

The laboratory coating machine from Benz, which is a 

knife-over-roller type, consisting of rollers, doctors 

blade, rubber blanket and pin frame was used for 

coating. 

 

4.1.2. Characterization 

 

4.1.2.1. XRD Analysis 

 

PU/clay nanocomposites were scanned for X-Ray 

diffraction analysis on Phillips X-Ray system, X‟ Pert 

Pro Console, PANanlytical at following experimental 

conditions (40 kV, 30 mA, scanning rate 0.04°/sec) 

with nickel filter. 

 

4.1.2.2TEM 

 

TEM was carried on a Philips CM-12 operating at 80 

kV. The TEM grids were mounted in sample holder and 

the brightness of the electron beam was minimized. 
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Precautions were taken to minimize motion and beam 

damage of the sample. 

 

4.1.2.3. TGA 

 

The thermogravimeric analysis (TGA) for the PU/clay 

nanocomposites was performed on Perkin-Elmer TGA 

7 under N2 atmosphere. The samples were heated at 20 

°C/min from room temperature to 850 °C. 

 

4.1.3. Testing 

 

The breaking force of coated fabrics was tested on 

Instron 4202 using strain rate of 120 mm/min and a 

gauge length of 15 cm. The width of the samples was 5 

cm.  An average of five test readings of sample 

specimens is reported. The tearing strength of coated 

fabric was tested on Instron 4202 using strain rate of 

100mm/min and a gauge length of 10 cm. The thickness 

of the fibers and coated fabric was tested on Essedial 

Thickness Tester. Ten readings were taken and an 

average is reported. 

 

The hydrogen (H2) gas permeability of coated fabric 

sample was tested as per test method ASTM-D-1434. 

For this a test set up located at ADRDE, Agra, India 

was used. In this the fabric sample is clamped across a 

gas cell/chamber and the gas is allowed to diffuse 

through the fabric for fixed time (24 & 48 hrs). The 

volume of gas escaped during this period is measured 

and converted into standard units of permeability. 

 

4.1.4. Preparation of PU/clay nanocomposites 

 

4.1.4.1. Preparation of clay dispersion 

 

Closite® 30 was taken in DMF solvent in a beaker and 

subjected to ultrasonic vibration in an ultrasonicator for 

about 25 hrs. This resulted in breaking of the clay 

particles to very fine size and very uniform dispersion 

of the clay in DMF. A 2.5-wt % dispersion of the clay 

in DMF was prepared. This dispersion was used as 

stock solution for preparing different PU-clay 

nanocomposites of varying clay concentrations. 

 

4.1.4.2. Preparation of PU solution 

 

A uniform 15-weight % PU solution was prepared in 

DMF: Toluene (60:40) solvent mixture, using 

mechanical stirring for 4 hrs at 70 °C 

 

4.1.4.3. Preparation of PU/clay nanocomposite 

 

PU/clay nanocomposite was synthesized by solution 

intercalation/exfoliation route. The required quantity of 

PU resin and clay dispersion in DMF: Toluene (60:40) 

solvent mixture was taken and subjected to mechanical 

stirring at 80
o
 C for about 5 hrs so as to obtain 15 wt % 

nanocomposite solution. The clay content was varied in 

the range 0.5, 1, 2, 3,4,5,7 & 10 weight %. The 

nanocomposite solutions were coated on glass plates 

and then dried under controlled conditions to get thin 

films. These films were used for characterization of 

different nanocomposites by X ray, TEM and TGA 

analysis. 

 

4.1.4.4. Preparation of coated Nylon Fabrics 

 

The neat PU and PU/clay nanocomposite solutions 

prepared as above were used to coat the nylon 6,6, 

fabric on the knife over roller type coating machine 

from Benz (UK). The outer side was given two tie coats 

of 15 gsm each with ester grade PU solution and 5 wt % 

crosslinker and dried at temperature around 100 °C. 

The subsequent coats were given with PU-nanoclay 

composite solution each of approx. 15 gsm without 

crosslinker and finally cured at 130
o
 C for 1-2 minutes. 

The inner side was coated similarly but with ether grade 

PU, as ether grade PU has better gas barrier properties. 

The total add-on on the fabric was in the range of 150-

170 gsm and thickness of coated fabrics was in the 

range of 0.19-0.25 mm at 200 gf/sq. cm pressure for 

different nanocomposite samples with varying clay 

weight %. 

 

4.2. Results and Discussion 

 

4.2.1. Characterization of PU/clay nanocomposites 

The X-Ray diffraction of MMT clay spectrum shows a 

diffraction peak at 2Ө = 6.2°, corresponding to a basal 

spacing of the clay platelets of 14 A° (Figure 7). XRD 

analysis is being popularly used to identify intercalated 

and exfoliated structures 
[8,9]

. The intercalation of the 

polymer chains increases the interlayer spacing in 

comparison to the spacing of organoclay used, leading 

to shift in diffraction peak to lower angle values. As far 

as exfoliated structures are concerned diffraction peak 

due to clay is generally diminished or no more visible 

in XRD because of a too large spacing between layers 

or because the ordering of clay structure is no more 

present. 
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The absence of any diffraction peak in the 2Ө range 1.5 

to 10° for all nanocomposite samples indicates a 

exfoliated structure although other factors such as clay 

dilution, preferred orientation and peak broadening 

need to be considered as well 
[33]

. 

4.2.2. TEM Analysis 

 

TEM allows a qualitative understanding of the internal 

structure, spatial distribution of the various constituents 

and defects through direct visualization 
[8,9]

. The TEM 

micrographs of PU/clay nanocomposite are shown in 

Figure 8. The silicate layers of the organoclay are seen 

as dark lines of about 1 nm in exfoliated layers and as 

thicker lines for intercalated structures dispersed in PU 

matrix. The clay appears to be dispersed in the matrix 

both as intercalated and exfoliated structures. Although, 

TEM qualitative analysis is sometimes considered 

insufficient to describe clay dispersion and may be 

misleading for several reasons. First the small areas 

examined by TEM may not be representative of the 

overall microstructure; secondly it can have multiple 

structures and also can have a range of sizes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7    X ray diffractograms for neat clay (Cloisite 30B) and 

PU/clay nanocomposites  with 1, 3 and 10% clay. 

 

4.2.3. TGA Analysis 

 

The TGA curves of PU & PU/clay nanocomposites are 

shown in Figure 9. It is clear that PU/clay 

nanocomposites start degrading at higher temperature 

and 5 wt % loss temperatures are substantially higher 

than the pristine polymer. The char yield at near 850
o
 C 

in N2 atmosphere also increases substantially in 

pressure of clay (Table 1).  The increased char yield 

leads to reduced flammability of samples. The flame 

retardant mechanism involves a higher performance 

carbonaceous silicate char, which builds up on surface 

during burning. This insulates the underlying material 

and slows the mass loss rate of decomposition products 
[34]

. The improved thermal stability of PU/clay 

nanocomposites as coatings give an added advantage of 

superior thermal and flame retardant properties to the 

coated fabric. 

 
Fig. 8.  TEM of Polyurethane filled with 2 wt.% of nanoclay. 

 

 

4.2.4. Breaking force and tearing strength of coated 

fabrics 

 

The nanoclay reinforced PU coated fabrics show higher 

breaking force as compared to neat PU coated ones. 

The force increases with increase in clay content and 

2θ scale (degree) 
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shows a maxima around 3-4 wt %, beyond which poor 

dispersion and agglomeration does not contribute to the 

breaking force (Figure 10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9.  TGA curves of pure PU and PU-clay nanocomposites 

 

 

The PU/ clay nanocomposite coating of around 5 wt % 

shows a maximum value of tearing stress at break, 

which is 42% higher than pristine PU coated fabrics 

(Figure 11). The resistance to growth of fracture 

measured in terms of stress at break indicates that clay 

tethering and uniform dispersion of clay particles 

inhibit the stress concentration and delayed crack 

propagation as also reported by Patnaik & coworkers 
[35]

. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 10.   Plot of variation of breaking force (warp and weft) with 

clay wt% 

 

Table 1.   5% Wt. loss temperature and char yield at 850°C in N2 atm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 11.  Plot of variation of tearing force (warp) with clay wt%  

 

4.2.5. Gas Permeability 

 

The PU/ clay nanocomposite coated fabrics with 

varying clay percentages 1,3,5,7 &10 wt % were 

initially tested for air permeability and it was observed 

that the about 3-4-wt % clay could reduce the air 

permeability significantly. Hence the coated fabric with 

3-wt% nanocomposite was tested for H2 gas 

permeability as shown in Figure 12. It is observed that 

the permeability to hydrogen reduces by about 36 % at 

clay content of 3-wt % as compared to neat PU coating 

at the same thickness. The process needs to be 

optimized to further improve the gas barrier property of 

nanocomposite coated fabrics. 

 

The permeability of coated fabrics depends strongly on 

fabric thickness and decrease with increasing thickness. 

The clays are believed to increase the barrier properties 

by creating a tortuous path that retards the progress of 

gas molecules i.e. gas diffusion through the matrix resin 

as reported by several authors 
[8,9,36]

. 

Clay 

content 

(wt%) 

5% wt. loss temp (0C) 
Char yield at 850 0C 

(%) 

Ether Ester Ether Ester 

0.0 338 341 0.0 0.0 

0.5 341 345 0.10 0.11 

1.0 345 351 0.11 0.34 

2.0 347 356 0.12 0.37 

3.0 352 368 0.85 0.66 

4.0 363 364 1.13 1.33 

5.0 358 351 1.79 2.23 

7.0 348 348 2.34 2.28 

10.0 336 342 2.95 3.02 

100  70.196 
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Fig. 12: Plots of  hydrogen permeability at 10 cm. water column 

pressure in lit/ sq.m /day: (a)  3% nanocomposite coated fabric vs 

thickness (b) 0%   and 3% nano composite coated fabric having 

same coating thickness. 

 

5. Conclusion 

 

Polymer nanocomposites is a rapidly growing area of 

nanoengineered materials, providing lighter weight 

alternatives to conventional filled polymers with value 

added properties. The possibilities, which are in store 

for coated fabrics industry in particular, and coating 

industry in general are exciting. A preliminary 

investigation on PU/clay nanocomposite based coated 

fabric shows an encouraging result on improving the 

gas barrier property for inflatables. The major 

challenges would be dispersion of nanoparticles at 

nanolevel, sophisticated characterization techniques to 

investigate the level of dispersion and the availability of 

nanoparticles in bulk. Moreover, substantial 

fundamental research is still necessary to provide a 

basic understanding of these materials to enable its full 

exploitation.  
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