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1.INTRODUCTION 
Nanotechnology is one of the fastest growing new areas in science and engineering. The subject arises 

from the convergence of electronics, physics, chemistry, biology and materials science to create new functional 

systems of nanoscale dimensions. Nanotechnology deals with science and technology associated with 

dimensions in the range of  0.1 to 100 nm. The ability to fabricate structures with nanometric precision is of 

fundamental importance to any exploitation of nanotechnology. Nanotechnology is predicted to have a major 

impact on the manufacturing technology in 20 to 30 years from now.  

 

 

 

 

 

 

 

 

 

 
 

 

Fig.1. The convergence of the disciplines and multisector applications 

 

Two complementary approaches to nanomaterials are studied:  

 The Top-Down approach - where one starts with the bulk material and machines his way down to the nano-

scale, and  

 The Bottom-Up approach, starting at the molecular level and building up the material through the small 

cluster level to the nanoparticle and the assembly of nanoparticles. 

The ability to fabricate structures with nanometric precision is of fundamental importance to any 

exploitation of nanotechnology. The potential of combining radiation effects with nanomaterials has been 

recognized from the very early stages of nano-science research. In the many uses of nanostructures, and 

nanoparticles in particular, from catalysis, bio sensing, nano-electronics, magnetic applications including 

separations, mechano-chemical conversion, and to molecular computing, radiation can play a significant role.  



The use of radiation, UV beam, electron-beam, or focused ion-beam  is clearly central to the fabrication of the 

nanostructured systems. The relative advantages and deficiencies of each of them are still to be clarified as the 

technology advances. Whether UV or electron beam will lead to the highest resolution is still debated but it is 

clear that these techniques offer unmatched reproducibility and very narrow size distribution. 

Other studies concern formation and synthesis of nanoparticles and nanocomposites. Radiation synthesis 

of copper, silver and other metals’ nanoparticles is studied. Metal and salt – polymer composites are synthesized 

by this method. Metal sulphide semiconductors of nanometric matrices are prepared using gamma irradiation of 

a suitable solution of monomer, sulphur and metal sources. These products find application in photoluminescent, 

photoelectric and non-linear optic materials. 

An interesting field of radiation nanotechnological application concerns the development of PC-controlled 

biochips for programmed release systems. Nano-ordered hydrogels based on natural polymers as 

polysaccharides (hyaluronic acid, agrose, starch, chitosan) and proteins (keratin, soy-bean) being pH and electric 

potential responsive materials for such biochips and sensors. To avoid the regress in further developments 

concerning radiation processing of natural polymers, the nano approach to these biological materials should be 

developed further. The studies on natural rubber-clay composites and thermoplastic natural rubber-clay 

composites have given interesting results. Nanomaterials with high abrasion and high scratch resistance will find 

industrial application [1]. 
2. NANOSTRUCTURES 
2.1. CARBON NANOTUBES 

 From viewpoint of techniques using radiation, new method to grow carbon nanotubes was reported in 

1996 by Yamamoto et al. where they grew carbon nanotubes by the argon ion beam irradiation on amorphous 

carbon target under high vacuum condition (4×10-5 Torr) [2]. The incident angle of the ion beam was normal to 

the target surface [2]; and the acceleration ion energy was 3 keV. Nanotubes are produced outside the sputtering 

region on the target surface after ion irradiation. The tubes have multilayered walls, the distance between carbon 

layers is 0.34 nm, and wall thickness of tubes ranges from 10 to 15 sheets. Figure 2a shows the high resolution 

transmission electron micrograph of tubes grown on amorphous carbon after argon ion irradiation while Fig. 2b 

is the secondary electron micrograph of nanotubes grown on the sample surface. 

Single-walled carbon nanotubes (SWNT) have shown to possess most remarkable electronic and 

mechanical properties and various applications in nanoscale devices have been described. However, little 

progress has been reported on techniques related to connecting such tubular structures. Although a connection 

between SWNTs would constitute a novel type of molecular junction, it remained unknown whether such 

junctions exist at all and if they are stable: this is a key issue because both electronic devices and strong nano-

mechanical systems need molecular connections between individual SWNTs. Recently, Terrones et al. have 

shown that crossing single-walled carbon nanotubes (SWNT) can be joined by electron beam irradiation to form 

molecular junctions [3]. Stable junctions of various geometries are created in situ in a high voltage transmission 

electron microscope at specimen temperatures of 800°C. 



 

    (a)            (b)   
FIG. 2. High resolution transmission electron micrograph of tubes grown on amorphous carbon after argon 
ion irradiation (a); secondary electron micrograph of nanotubes grown on the sample surface after argon ion 
irradiation (b) [2]. 

 

After a few minutes of irradiating two crossing tubes, their merging was observed at the point of contact, 

resulting in the formation of a junction with an X shape (Fig. 3). The ready-formed X junctions can be 

manipulated in order to create Y- and T-like molecular connections. (Fig. 4). It has been established from Ajayan 

et al. in 1998 that continuous sputtering of carbon atoms from the nanotube body takes place during irradiation, 

leading to dimensional changes and surface reconstructions [4]. By using careful conditions of irradiation is able 

to remove one of the “arms” of an X junction in order to create Y or T junction. Electron beam exposure at high 

temperatures induces structural defects, which promote the joining of tubes via cross-linking of dangling bonds. 

The junctions described here are created via vacancies and interstitials, induced by the focused electron beam, 

that promote the formation of internanotube links. The results suggest that it may now be possible to construct 

nanotube networks by growing cross-link SWNTs followed by controlled electron irradiation at high 

temperature. The electrical characterization of SWNT junctions is imperative and remains a challenge for future 

experiments. Since the merging of crossing tubes did not occur in the absence of irradiation, we can conclude 

that electron beam effects are responsible for the formation of the junctions. In 1999, Banhart showed that the 

formation of vacancies and interstitials, induce rearrangements within graphitic structures under high-energy 

particle irradiation [5]. At high temperature, carbon interstitials are highly mobile, leading to the annealing of 

vacancy-interstitial pairs before interstitial agglomerates can form. They assume that the presence of irradiation-

induced vacancies within the tubes is also responsible for the formation of junctions. 

Dangling bonds around vacancies at the point of contact of the two tubes can serve as bridges for the merging 

process. The observations are supported by molecular dynamics simulations, which show that the creation of 

vacancies and interstitials induces the formation of junctions involving seven- or eight-membered carbon rings at 

the surface between the tubes. 



 
FIG. 3. (a) A SWNT of ca. 2.0 nm diam. (running from bottom-left diagonally towards top right) crossing with an individual 

SWNT of ca. 0.9 nm diam.; (b) 60 s of electron irradiation promotes a molecular connection between the thin and the wide 

tube, forming an ‘‘X’’ junction. This junction is twisted out of the plane (heptagonal rings are indicated in red) [3] 

 
FIG. 4. High-resolution transmission electron microscopy (HRTEM) image and molecular model of a Y junction created 

following electron irradiation of an ‘‘X’’ structure. One of the arms of the ‘‘X’’ junction vanished due to continuous 

sputtering under the electron beam, and a three-terminal junction remained. The junction exhibits tubes of different 

diameters, which are molecularly joint [3]. 

 

2.2. ION TRACK MEMBRANES 

The formation of microporous and nanoporous membranes having highly uniform geometry and precisely 

determined structures is an exciting example of industrial application of ionizing radiation. These materials, 

called track membranes (TMs) were first made by irradiation of polymeric sheets, micas, and glasses with 

fragments from the fission of heavy nuclei such as californium or uranium (nuclear track etch method) [6]. This 

technique presents a great limitation due to contamination of the foil with radioactive products so that “cooling” 

of the irradiated material, before using, is needed; this usually takes a few months. The second method makes 

use of heavy ion beams, usually of energy on the order of several MeV, from accelerators [6, 7] and presents 

quite a few advantages over the former one which are: (a) no induced radioactivity in the irradiated material 

when ion energy is below the Coulomb barrier; (b) all tracks show the same etching properties; (c) deeper 



penetration in the material owing to higher energy of particles; (d) higher density (even >109 cm-2 for smaller 

pores) track arrays; (e) easier control of the impact angle and production of arrays of parallel tracks. A heavy ion 

beam with acceleration energy of more than 1 MeV/n deposits its energy to a substrate in a region < 10 nm in 

diameter (an ion track); the depth of the affected region can be regulated by changing the energy or replacing 

species of ion particles. Widely used polymers for ion track membranes are polyethylene terephthalate (PET) 

and polycarbonate (PC). By bombarding PET or PC films with swift heavy ions (e.g. Ar+, N+ or Xe+) latent 

radiation damage linear tracks are created through the samples.  
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According to the following sensitization and etching with an alkali solution (NaOH for instance), uniform 

cylindrical, conical, tunnel-like, or cigar-like pore have been obtained. Pore sizes or dimensions depend upon 

various factors, viz. the nature and energy of incident particles, the target material, etch conditions, e.g. 

temperature, nature of etchant, pre-etch storage conditions, etc. and are controllable. 

Cylindrical channel 0.02–5.0 µm in diameter with lengths of 10–50 µm, membranes containing anywhere from a 

single pore up to 109 pores/cm-2 have been produced and thin film polymer membranes having highly uniform 

pore size and a wide variety of porosities in well-distributed areas of the template (patterning) are already 

commercially available. A number of modification methods have been devised for creating TMs with special 

properties and functions [8, 9]. 
These isoporous membranes are used as template materials for the synthesis of micro- and nanostructures. 

The template-base method consists of filling a host porous medium with one or more desired materials. Three 

main processes are used for the synthesis of various combination of polymers and/or metals:  



(a) electrodeposition  [10], where one side of the template, coated with a metallic layer, or the template support 

itself, is used as a cathode for electroplating; (b) chemical polymerization [10] where a solution of the desired 

monomer and initiator, in which the template membrane is dipped, is left to diffuse through the pores of the 

templates leading to a polymerization reaction in these pores; (c) electroless plating (see for instance [11]) where 

a catalyst to the pore walls is applied which facilitates the deposition of metal on the activated pores of the 

template. The micro- or nanomaterials, which are produced in this way, take the form of wires or tubules. 

Magnetic, conducting and superconducting nanowires and nanotubules in array or isolated mode possessing 

special properties have been manufactured in this way [8, 9].  

There are two distinct nano fabrication processes using heavy ion beams; one is nano-hole formation due to the 

damage of ion beam path, and the other is nano-wire formation due to cross-linking of polysilane, which is also 

caused by heavy ion beams.  Potential applications in devices such as microwave filters for shielding microwave 

ovens and mobile phones, or in chemical detectors and biosensors with conductive polymer nanotubules are also 

being seriously considered. 

The fabrication of ion track membranes made of PET have been reported to develop selective 

membranes for the separation of toxic metal ions, biomolecules, and biological cells because of the advantages 

to control the pore size and the properties of the internal surfaces of the pores . 
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3.  APPLICATION OF RADIATION IN NANOTECHNOLOGY 
3.1. NANOGELS 

There are at least two ways of defining polymeric nanogels and microgels. One of them originates from 

the definition of polymer gels. A polymer gel is a two-component system consisting of a permanent three-

dimensional network of linked polymer chains, and molecules of a solvent filing the pores of this network. 

Nanogels and microgels are particles of polymer gels having the dimensions in the order of nano- and 

micrometers, respectively. The other definition says that a nanogel or a microgel is an internally crosslinked 

macromolecule. This approach is based on the fact that, in principle, all the chain segments of a nanogel or 

microgel are linked together, thus being a part of one macromolecule. It also reflects the fact that such entities 

can be synthesized either by intramolecular crosslinking of single linear macromolecules or in a single 

polymerization event (e.g. initiated by one radical) that in the absence of crosslinking would lead to the 

formation of a single linear polymer chain.  

 
Fig.6. Formation of a nanogel from a single macromolecule by intamolecular recombination of polymer radicals 

 

The latter definition allows us to consider nano- and microgels as a specific form of macromolecules, along with 

linear, branched, comb-like, circular, star-shaped, dendrimer, and others. Since usually the shape of a nano- or 

microgel resembles a linear macromolecule in a coiled conformation, these structures are often seen as 

permanently “frozen” polymer coils. 

In fact, molecular weights and dimensions of swollen nanogels are often similar to these of typical single 

macromolecules in solution, but the presence of internal bonds results in different physicochemical properties, 

including fixed shape, different rheological behavior, higher resistance to degradation and the ability to trap 

other molecules within their structure.  

Irradiation at low aqueous polymer concentrations (cp < c*) (c* critical hydrodynamic concentration) does not 

result in the formation of macroscopic networks. Depending on the irradiation parameters (radiation dose, dose 

rate, polymer concentration, irradiation temperature) molecules with different structures can be obtained (long-

chain branches, nanogels, microgel or microgel particles). Irradiation of the collapsed structure of poly(vinyl 

methyl ether) (PVME) in diluted aqueous solutions above lower critical solution temperature (LCST) leads to 

temperature-sensitive microgel particles . These particles have a porous structures that serves as a template of 

emulsion polymerization of poly(pyrrole) to needle-like conductive polymer structures. It was shown, that 

various polymeric structures can be formed by applying pulsed electron beam irradiation of aqueous de-

oxygenated PVME solutions. Irradiation experiments at room temperature lead to the formation of PVME 



nanogels due to an intramolecular crosslinking reaction. At low radiation doses the molecular weight of PVME 

increases because of intermolecular crosslinking the relatively low Mw. With further increasing of the radiation 

dose at low polymer concentrations (cp < 25 mM) no further increasing of molecular weight can be observed – 

intramolecular crosslinking reaction occurs. The hydrodynamic radii decrease with increasing dose. The 

dimension and the intrinsic viscosity of the internally crosslinked nanogels decrease [12].  

 
Fig.7. Degradation scheme of a linear polymer chain and a nanogel, indicating hihger degradation resistance of the 

internally crosslinked structure 

 

3.2. NANOCLUSTERS 

The use of radiation to synthesize nanoparticles in aqueous dispersions started in the late seventies. An 

early report of Henglein suggested not merely the synthesis of metallic particles in water but also their utilization 

as redox catalyst in the conversion of reducing organic radicals. Since then numerous reports describe the use of 

radiolysis in the synthesis of metallic nanoparticles and a few extend this approach to the synthesis of 

semiconductor particles. Henglein and coworkers [13, 14. 15] and Belloni and coworkers [16-18] describe the 

radiolytic reduction of many metal ions either single metal or in combination with another metal to generate 

metallic or bimetallic mixtures as well as core-shell structures. To obtain metallic particles from their parent ions 

one only needs to ensure reductive conditions during the irradiation. The oxidizing equivalents, OH radicals, can 

conveniently be converted to reducing radicals by the addition of organic scavengers (e.g., alcohols, formate 

ions). The latter will produce reducing radicals following hydrogen abstraction by the OH radical [19].  

H2O         /\/\/—>  e-aq, H, OH, H2, H2O2      (1) 

OH + RCH2OH  —>  RC•HOH + H2O    (2) 

nC•HOH + M(I)  —>  (M)n  + RCH2OH (where M is a metal)  (3) 

ne-aq + M(I)  —>  (M)n      (4) 
The radiolytic approach may offer some advantages because of the fine control over the rate of generation of the 

growing species afforded by the control over the dose rate delivered to the sample [19]. 

 

 



3.2.1. NANOCOMPOSITES 

3.2.2. DEFINITION AND CLASIFICATION 

The definition of nano-composite material has broadened significantly to encompass a large variety of 

systems such as one-dimensional, two-dimensional, three-dimensional and amorphous materials, made of 

distinctly dissimilar components and mixed at the nanometer scale.The general class of nanocomposite 

organic/inorganic materials is a fast growing area of research. Significant effort is focused on the ability to 

obtain control of the nanoscale structures via innovative synthetic approaches. The properties of nano-composite 

materials depend not only on the properties of their individual parents but also on their morphology and 

interfacial characteristics. This rapidly expanding field is generating many exciting new materials with novel 

properties. The latter can derive by combining properties from the parent constituents into a single material. 

There is also the possibility of new properties which are unknown in the parent constituent materials. 

The inorganic components can be three-dimensional framework systems such as zeolites, two-dimensional 

layered materials such as clays, metal oxides, metal phosphates, chalcogenides, and even one-dimensional and 

zero-dimensional materials such as (Mo3Se3-)n chains and clusters. Experimental work has generally shown that 

virtually all types and classes of nanocomposite materials lead to new and improved properties when compared 

to their macrocomposite counterparts. Therefore, nanocomposites promise new applications in many fields such 

as mechanically reinforced lightweight components, non-linear optics, battery cathodes and ionics, nano-wires, 

sensors and other systems.The general class of organic/inorganic nanocomposites may also be of relevance to 

issues of bio-ceramics and biomineralization in which in-situ growth and polymerization of biopolymer and 

inorganic matrix is occurring. Finally, lamellar nanocomposites represent an extreme case of a composite in 

which interface interactions between the two phases are maximized. Since the remarkable properties of 

conventional composites are mainly due to interface interactions, the materials dealt with here could provide 

good model systems in which such interactions can be studied in detail using conventional bulk sample (as 

opposed to surface) techniques. By judiciously engineering the polymer-host interactions, nanocomposites may 

be produced with a broad range of properties.Inorganic layered materials exist in great variety. They possess 

well defined, ordered intralamellar space potentially accessible by foreign species. This ability enables them to 

act as matrices or hosts for polymers, yielding interesting hybrid nano-composite materials. Lamellar nano-

composites can be divided into two distinct classes, intercalated and exfoliated. In the former, the polymer 

chains alternate with the inorganic layers in a fixed compositional ratio and have a well defined number of 

polymer layers in the intralamellar space. In exfoliated nano-composites the number of polymer chains between 

the layers is almost continuously variable and the layers stand >100 Å apart. The intercalated nano-composites 

are also more compound-like because of the fixed polymer/layer ratio, and they are interesting for their 

electronic and charge transport properties. On the other hand, exfoliated nano-composites are more interesting 

for their superior mechanical properties. 

Five categories cover the majority of composites synthesized with more recent techniques being modifications or 

combinations from this list. 



Type I: Organic polymer embedded in an inorganic matrix without covalent bonding between the components. 

Type II: Organic polymer embedded in an inorganic matrix with sites of covalent bonding between the 

components. 

Type III: Co-formed interpenetrating networks of inorganic and organic polymers without covalent bonds 

between phases. 

Type IV: Co-formed interpenetrating networks of inorganic and organic polymers with covalent bonds between 

phases. 

Type V: Non-shrinking simultaneous polymerization of inorganic and organic polymers. 

Researches applying ionising radiation for nanocomposites there are still not very popular in Europe and there 

are only a few institutions and research centers involved in this kind of projects.  
3.2.3. RADIATION PROCESSING OF NANOSIZED INORGANIC PARTICLES-ORGANIC POLYMER 

COMPOSITES 

A great amount of scientific and technological research has been devoted to hybrid inorganic 

semiconductor-polymer nanocomposites because they frequently show special properties, which are 

combinations of those of their original semiconductor and polymer materials. Thus, the addition of inorganic 

nanoparticles to polymers can enhance conductivity and mechanical toughness useful for application in such 

areas as organic batteries, microelectronics, non-linear optics and sensors. Only few methods have been used to 

prepare the composites. In general, two basic steps are needed: (a) metal ions are introduced into the polymer by 

copolymerization of an organic monomer and the metal ions, or by an ion-exchange process; (b) a chalcogen 

source is introduced for the preparation of nanocrystalline chalcogenide. In these methods, the polymerization of 

organic monomer and formation of nanocrystalline metal chalcogenide particles are performed separately, and 

thus it is very difficult to control the dispersion of metal chalcogenide in the polymer matrix. Moreover most of 

the products prepared by these routes at room temperature are amorphous, and post-treatment under high 

temperature or pressure is often necessary. Synthesis of semiconductor-polymer nanocomposites at room 

temperature and in a single step is an ideal method for material chemists and earlier described “wet” routes have 

been investigated in various laboratories.  

All these nanoparticles have great potential technological application in many fields; the semiconducting 

materials can serve as sputtering target to produce photoconductive films, infrared filters and phosphors for 

cathode ray tubes. They are also used for light emitting devices (LEDs), in electrochromic devices, solar cells, as 

switches in optical computers, and as detectors in nuclear medicine diagnostic applications, while the 

nanocrystalline powders are expected to have possible application as electrolytes for solid state batteries, as 

catalysts, in optical non-linear devices, optical memory devices and recording materials. 

The existing elastomeric microwave absorbers, also known as MAGRAM and Polyiron (micron sized magnetic 

particles), are commonly used for electromagnetic composities (EMC; or sometimes is called electromagnetic 

interference – EMI) reduction, and for radar cross-section (RCS) reduction or stealth. The absorbers can be 

tuned to specific frequencies, multiple frequencies, or used for broadband surface wave attenuation. 



Typical formulation consists of rubber and high volume fractions of fillers (up to 60%). Typical fillers include 

carbonyl iron, iron silicide, ferrites, and carbon. As mentioned above, with the use of magnetic nanoparticles-

fillers, this will reduce the amount of fillers used due to their high surface area to volume ratio – as compared to 

bulk, and at the same time, increase the rubber content. 

Three methods can be used to produce magnetic nanoparticles: 

(i)   sonolysis of iron pentacarbonyl in decalin, 

(ii)  thermal degradation of iron acetylacetonate in dioctyl ether, 

(iii) radiation-reduction of Fe
2/3+ 

and radiation-polymerization of natural rubber latex simultaneously with   

  gamma rays. 

Methods (i) and (ii) were followed by compounding with natural rubbers using a two-roll-mill to produce 

elastomeric-magnetic nanocomposites, and then exposed to radiation (electron beam or/and gamma rays). The 

function of radiation is to enhance the physical and mechanical properties of the matrix (elastomeric 

component). Method (iii) is a direct method of producing elastomeric-magnetic nanocomposites using radiation 

(gamma rays). 
To improve the scratch resistance of clear coatings nanosized filler particles having a diameter of 10–50 

nm are used for reinforcement of polymer compositions. Due to their small size and their large active surface 

area, a homogenous distribution of the nanoparticles within the polymer matrix may be achieved, while 

reinforcement results from their hard core. 

Pyrogenic prepared nanoparticles were used together with UV and electron beam (EB) curable 

acrylates to produce transparent coatings with improved mechanical and viscoelastic properties. Due to Mohs’s 

scale of hardness alumina and silica having hardness numerals of 9 and 7, respectively, are the favorite 

nanoparticles for scratch and abrasion resistant coatings. But, due to their surface OH groups these oxides are 

hydrophilic. Added to semi- or non-polar liquids such as acrylates, aggregates of nanoparticles will result in 

thickening of the acrylate formulation. The formation of chemical bonds between the inorganic and organic 

components is expected to be of great importance in guarantee a durable chemical junction between the two 

incompatible phases. Grafting of a trimethoxysilane carrying a methacrylate functionality onto silica 

nanoparticles is shown in fig.8 where a simplified tridentate anchoring representation is assumed. Surface-

modified silica particles, where the remaining 

silanol groups are screened, have found widespread technical applications, e.g. rubber reinforcement, 

chromatography, and heterogeneous catalysis [20-22]. 

Typical acrylate nanodispersions contain about 25–35 wt.% modified nanopowder. Using a doctor blade coater 

thin films (up to 100_m) were prepared on various substrates, e.g. glass and polymer plates. The wet coatings 

were cured by using a 180 keV electron accelerator with a curing dose of 80 kGy [23]. 



Fig. 8. Acid catalyzed condesation of methacryloxypropyl trimethoxysilane to form silica modified acrylate (SIMA) 
 

To study the polysiloxanes grafted on the silica nanoparticles matrix-assisted laser desorption/ionization time-of-

flight mass spectrometry was used. The molecular weight 

distributions observed for the polysiloxanes confirm the existence of a polymeric shell surrounding the 

nanoparticles. Siloxane oligomers formed from 6 to 10 silane molecules seem to be preferred. The structure of 

oligomers built up by only a few monomeric units can obviously assumed to be linear, 

branched and cyclic arrangements. To meet further steric constraints of grafted polysiloxanes a ladder-like 

structure of two linked siloxane chains forming connected 8-membered rings is proposed (Fig. 9)[24]. 

Fig.9. Proposed ladder-like arrangement of T3 structure of silicon atoms in polysiloxanes grafted on silica surface. 

 

The formation of ordered structures using dissimilar polymer materials, i.e. hydrophilic and hydrophobic 

polymers, is particularly difficult when such order is desired at the nanoscopic length scale. Small domain sizes 

require high specific interfacial areas and therefore these structures are thermodynamically unfavourable. In 

order to overcome such limitations a step-by-step building approach is required where a polymer substrate 

template is joined to a dissimilar polymer material via a reactive process. Initial wetting of the substrate can be 



achieved by using monomer solutions, and radiation-grafting techniques can be used to form the necessary 

chemical bonds. 

Preparation of the nanocomposites of hydrophilic and hydrophobic polymers using the electrospinning technique 

to obtain polysulfone fibre mats with sub-micron fibre diameter and electron-beam induced sequential grafting to 

add polyacrylamide layers of controlled thickness to this template material has been reported. These modified 

mats are then encapsulated in a third polymer thus forming a polymer-polymer composite that possesses a 

bicontinuous morphology comprised of a finely dispersed hydrophilic polymer phase interconnected 

hydrophobic one. In Fig.10 a micrograph of a typical polysulfone fiber mat is shown. Note that although these 

are rather large diameter fibres (1000 nm) the fibre diameter can be controlled to values as low as 50 nm. Also 

given below in Fig.11 are pictures of contact angle measurements demonstrating the influence of partial grafted 

layers on the wetting behaviour of such meshes. 

Fig.10. Electrospun polysulfone fiber mats 

Fig.11. The contact angle is greatly reduced from (a) an ungrafted polysulfone fiber mesh to (b) acrylamide grafted to a 

polysulfone fiber mesh (20 wt% solution, 0.05 wt% inhibitor, 160 kGy dose). 

 

Among the large number of inorganic layered materials that exhibit intercalation capabilities, layered 

silicates are one of the most typical because of the versatility of the reactions. In particular, the smectite group of 

clay minerals such as montmorillonite, sponite and hectorite has mainly been used because they have excellent 

intercalation abilities. The combination of clay silicate layers and polymer matrices at nanoscale level constitutes 

the basis for preparing an important class of inorganic-organic nanostructured materials. 

The clay such as montmorillonite consists of a dioctahedral aluminum sheet sandwiched between two 

silica tetrahedral sheets in a layer structure that is ~1 nm thick (Fig.12). Stacking of the layers leads to a regular 

Van der Waals’ space between the layers called interlayer. Clay has the ability to undergo extensive interlayer 



expansion or swelling, exposing a large active surface area, permitting guest molecules to enter into the 

interlayer. Interlayer cations such as Na
+
, Ca

++
, and K

+
 exist on the internal surfaces, but can be exchanged with 

alkyl ammonium cations to give surfaces that are less ionic or polar. Such organically modified interlayers are 

more easily penetrated by polymers (either in the molten state or in solution) or by monomers that are 

subsequently cross-linked or polymerized chemically or by using radiation. In the process of polymer-clay 

nanocomposite synthesis, it is important to ensure the compatibility of the entering polymer-monomer 

(hydrophobic) with the clay surface interlayer (ionic) by using intermediate such as exchangeable organic based 

cations, intercalation agent or compatibilizer. Figure 12 shows the overall process of preparing nanocomposites 

based on clay and polymer-monomers. 

 
Fig.12. Schematic view of preparation of methods for polymer intercalation compounds [25]. 
 

The entering polymer molecules into the interlayer can either simply increase the distance between the 

still-parallel layers in an intercalation process or randomly disperse the separate layers entirely in an exfoliation. 

In conventional composites, the registry of the clay nanolayers is retained when mixed with the polymer, but 

there is no intercalation of the polymer into the clay structure. Consequently, the clay fraction in conventional 

clay composites plays little or no functional role and acts mainly as a filling agent for economic considerations 

[26]. 

An improvement in modulus is normally achieved in conventional clay composite, but this reinforced 

benefit is usually accompanied with a sacrifice in other properties such as strength or elasticity. 

Two types of polymer-clay nanocomposites are possible, e.g. intercalated nanocomposites and exfoliated 

nanocomposites. Intercalated nanocomposites are formed (Fig.12) when one or a few molecular layers of 

polymer are inserted into the clay interlayer with fixed interlayer spacing. Exfoliated nanocomposites are formed 

when the silicate nanolayers are individually dispersed in the polymer matrix, the average distance between the 

segregated layers being dependent on the clay loading. The separation between the exfoliated nanolayers may be 



uniform or non-uniform. Exfoliated nanocomposites show greater phase homogeneity than intercalated 

nanocomposites. More importantly, each nanolayer in an exfoliated nanocomposites contributes fully to 

interfacial interaction with the matrix. 

At a relatively high nanopowder content of nanodispersion, UV induced polymerization proved to be an 

efficient alternative to electron beam curing. However, the scratch resistance of the nanocomposites are 

comparable to the pure acrylate coating materials. 

This work has been expanded into the development of sol-gel nanostructured organic – inorganic hybrid 

materials from palm oil acrylate. Currently, palm oil acrylate such as epoxidized palm oil acrylate (EPOLA) and 

palm oil based urethane acrylate (POBUA) are being synthesized in the Malaysian Institute for Nuclear 

Technology Research (MINT). 
4. CONCLUSIONS 

Radiation based methods are foreseen to play important role in development and modification of 

nanostructures. The ion beams are used to fabricate track membrane for ultrafiltration, membrane with electrical 

and magnetic properties with a potential application as chemical detectors and biosensors. The junctions between 

carbon nanotubes can be formed upon EB irradiation at elevated temperature. Electronic devices need molecular 

connections between individual nanotubes. 

The microgels and nanogels produced by radiation techniques are especially well suited for biomedical 

applications because they are free of monomers, initiators and any other additives. Thus, they can be used as 

carriers for enzymes antybodies used in diagnostics, drug carriers for therapeutic purposes (controlled drug 

delivery) and potentially artificial biological fluids and synthetic vectors for drug delivery. 

Ionising radiation is wildly used in industry for crosslinking of polymers and polymer blends. This 

technology can be well extended to the crosslinking of nanopolymers and nanocomposites. The potential 

application involve irradiation of various type of polymers (natural rubber, polyolefins, polyimide, polystyrene 

etc. ) containing nanosized clays, silica or metal nanoparticles. 

 Radiation is one of the important tools in nanotechnology which has been already applied (EB and X-ray 

lithography, nuclear track membranes) and as the results of recent studies indicate its role will be growing in 

future. 
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