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ABSTRACT 

The term ‘nanomaterials’ has a particular meaning. ‘Nanomaterials’ 

are materials at the nanoscale whose properties (such as conductivity, 

colour and mechanical hardness) change due to their nanoscale 

dimensions. ‘Nanomaterials’ encompass all nanoscale materials or 

materials that contain at least one nanoscale structure, either on their 

surfaces or internally. They can be inorganic, organic or biological. 

Nanomaterials such as nanoplates, nanoparticles, nanowires and 

nanotubes can be engineered in labs. Nanomaterials can also occur in 

nature—naturally occurring nanoparticles include smoke, sea spray 

and volcanic ash, as well as minerals, soils, salt particles and biogenic particles. 

Nanoparticles, nanowires, nanotubes and nanoplates are all types of nanomaterials, 

distinguished by their individual shapes and dimensions. What these materials have in 

common is that they have one or more dimension at the nanoscale. 

 Nanoparticles have all three dimensions within the nanoscale. 

 Nanowires/tubes have diameters in the nanoscale, but can be several hundred 

nanometres long—or even longer. 

 Nanoplates’ thickness is at the nanoscale, but their other two dimensions can be quite 

large. An example of a nanoplate is graphene, a sheet of carbon one atom thick. 

Decades of research and development in nanoscience and nanotechnology have delivered 

both expected and unexpected benefits for our society. Nanotechnology is helping to improve 

products across a range of areas, including food safety, medicine and health care, energy, 

transportation, communications, environmental protection and manufacturing. It is being 

World Journal of Pharmaceutical Research 
      SJIF Impact Factor 8.084 

Volume 9, Issue 14, 531-564.             Review Article                ISSN 2277– 7105 

*Corresponding Author 

Dr. Sampa Dhabal 

Forensic Scientist, Kolkata, 

West Bengal, India. 

Article Received on  

15 Sept. 2020, 
 

Revised on 05 Oct. 2020, 

Accepted on 25 Oct. 2020 
 

DOI: 10.20959/wjpr202014-19157 



Dhabal et al.                                                                        World Journal of Pharmaceutical Research 

www.wjpr.net      │    Vol 9, Issue 14, 2020.     │      ISO 9001:2015 Certified Journal        │ 532 

used in the automotive, electronics and computing industries, and in household products, 

textiles, cosmetics—the list goes on. Already there are over 800 products on the market that 

are enhanced with nanotechnology. The ability to tailor the core structures of materials at 

the nanoscale to achieve specific properties is at the heart of nanotechnology. A few 

examples of current nanotechnology include the following. 

FOOD SECURITY: Nanosensors in packaging can detect salmonella and other contaminants 

in food. 

MEDICINE: Some of the most exciting breakthroughs in nanotechnology are occurring in the 

medical field, allowing medicine to become more personalised, cheaper, safer and easier to 

deliver. The potential for nanotechnology to improve drug-delivery systems for a range of 

diseases including cancer, heart disease, diabetes and other age-related illnesses is an area 

of intense research for scientists. For example, a 2014 breakthrough saw the development of 

nano cages, which can theoretically deliver cancer-killing drugs directly at the molecular 

level. This drug delivery method would reduce the dosage amount needed, target cancer cells 

rather than healthy cells, and reduce side effects. The technology is still being tested and 

undergoing approvals, but may see some real-world applications as early as 2016. Other 

exciting developments include the possibility of using nanotechnology to increase the growth 

of nerve cells (for example in a damaged brain or spinal cord), and using nanofibres to help 

regenerate damaged spinal nerves (currently being tested on mice). 

ENERGY: Nanotechnology is being used in a range of energy areas—to improve the 

efficiency and cost-effectiveness of solar panels, create new kinds of batteries, improve the 

efficiency of fuel production using better catalysis, and create better lighting systems. 

AUTOMOTIVE: Nanoengineered materials are in a range of products including high-power 

rechargeable batteries, fuel additives, fuel cells and improved catalytic converters, which 

produce cleaner exhaust for longer periods. 

ENVIRONMENT: Researchers are developing nanostructured filters that can remove virus 

cells and other impurities from water, which may ultimately help create clean, affordable and 

abundant drinking water. A nanofabric paper towel, which can absorb 20 times its weight in 

oil, can be used for oil-spill clean-up operations. 

Each development teaches us something about the technology, what it is capable of, and how 

we can refine it further. These developments are just the beginning. 

ELECTRONICS: Many new screen-based appliances (TVs, phones, iPads and so on) 

incorporate nanostructured polymer films known as organic light-emitting diodes (OLEDs). 

These screens are brighter, lighter and have a better picture quality, among other things. 
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TEXTILES: Nanoscale additives in fabrics help resist staining, wrinkling and bacteria 

growth. 

COSMETICS: Nanoscale materials in a range of cosmetics provide functions such as 

improved coverage, absorption or cleansing. As with the spread of any powerful new 

technology, there are likely to be a range of negative as well as positive outcomes associated 

with nanotechnology. As investment in nanoscience and nanotechnology continues, some 

people are voicing ethical, environmental and economic concerns. While science-fiction 

theories of ‘grey goo’ (millions of self-replicating nanomachines) with the potential to 

destroy the world are far-fetched, there are valid concerns about other areas of nanoscience. 

For example, how do manufactured nanoparticles interact with biological systems of the 

human body and what health effects may this have? In laboratory tests some nanomaterials 

have been shown to affect the formation of fibrous protein tangles, which are similar to those 

seen in some brain diseases. There is some evidence that nanoparticles could lead to genetic 

damage. Nanoparticles have also been examined for their impact on the heart and blood 

vessels. Long-term exposure to nanoparticles, particularly as they become more common in 

everyday items, is something that needs to be monitored. The way that nanomaterials interact 

with the environment also needs further study. How a particle behaves in the lab may be very 

different to how it behaves in water, air or soil, and how it interacts with organic matter. 

Indeed, the way nanoparticles behave in the environment depends not only on their individual 

physical and chemical characters, but also on the character of the receiving environment 

(whether it is hot, wet, acidic and so on). When exposed to an environment, nanoparticles 

may remain intact, or undergo one of the following processes: dissolution, speciation 

(association with other ionic or molecular dissolved chemical substances), settling, 

agglomeration/deagglomeration, biological or chemical transformation in to other 

chemicals. 

Further research is needed in these areas and appropriate controls set up in relation to risk 

assessment. There is also the possibility that nanomaterials may move from organism to 

organism, or through food chains. The fact that there are many different types of 

nanomaterials means there is the potential for a wide range of effects. Some experiments 

have shown that they could have harmful effects on invertebrates and fish, including changes 

to their behaviour, development and reproduction. Risk assessment and testing needs to keep 

pace with the technology, especially as the use of nanomaterials expands into the production 

of ever more consumer goods. Testing needs to include methods for estimating exposure and 
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identifying hazards. At present, the nanoparticles that possess the highest potential risk are 

free, insoluble nanoparticles, such as those dispersed in a dust or liquid. 

As we have seen, the unique physical and chemical properties of nanomaterials also often 

differ from those of bulk materials and require special assessment. Despite these concerns, 

most scientists believe that nanoscience will lead to huge advances in medicine, 

biotechnology, manufacturing, information technology and other equally diverse areas. 

 

KEYWORDS: Nanoparticles, Nanowires, Nanotubes, Nanoplates, Nanopowders, 

Nanocrystals, Buckminsterfullerene. 

 

BACKGROUND 

Physical properties of the polycrystals suffer a noticeable change when the size of the 

crystallite is very small (of the order of nanometers). Usually such polycrystals are called 

nanocrystals. Small crystallite embedded in a matrix (may be of same chemical composition 

or of different) following certain pattern is called nanostructured material. Multilayer thin 

films with thicknesses in nanometer range are also defined as nanodimensional solids. These 

materials possess a unique complex physical and mechanical properties.
[1,2]

 During the last 

decade, materials of this kind have attracted world wide attention when it became recognized 

that the atomic structures and, hence, their properties deviate from those of the states of 

condensed matter (e.g. crystals or glasses) with the same chemical compositions. These 

deviations result primarily from the following two factors: firstly, due to small crystallite 

sizes, upto 50% of the atoms are located within the cores of the incoherent boundaries 

between the crystallites, and secondly, the size and dimensionality effects are known to 

become important if the size of the crystallite regions in solids is reduced to a few interatomic 

spacing. The synthesis, characterization and processing of such nanodimensional solids are 

part of an emerging and rapidly growing field referred to as nanotechnology. Although 

development in this field of research is interdisciplinary in nature, correlation between the 

properties of solids and their structure is the fundamental concern for the Solid-State 

Physicists and Material Scientists‟. The techniques available today for preparing and 

characterizing nanoscaled materials have been broadened, as far as chemical composition, 

crystallite size, porosity, homogeneity etc. are concerned. These developments appear crucial 

for an improved physical understanding of the atomic structure and the properties of these 

materials. In fact, there are evidences that by the preparation technique and an appropriate 

time temperature treatment, the atomic structure and the properties of these materials can be 
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modified. An improved understanding would open the door to numerous new developments 

and hence, appears to be an attractive research goal for the near future. Number of research 

articles published, review papers appeared, new journals started (Nanostructured Materials-

Pergamon Press, Nano Letters- American Chemical Society publications), series of 

conferences and symposia held could be an index of the importance of the subject under 

discussion.
[3-6]

  

 

 

Nanoscience & Buckminsterfullerene 

 

This chapter presents a broad overview of the structure and properties of nanocrystalline 

solids in general. Brief introductory remarks are made on the classification and various 

synthesis routes, followed by latest developments on structure property correlations of 

nanocrystalline metallic and oxide systems. Special mentions are being made on the latest 

developments in the studies of nanopowders of TiO2, Al2O3, SiO2. 

 

Classifications and preparation of nanocrystalline materials 

Classification of nanocrystalline materials: Nanocrystalline materials are classified 

according to morphologies, chemical compositions and structures. According to Gleiter, these 

materials are broadly divided in three different categories.
[5]

 The first one comprises of 

materials with reduced dimensions in the form of (isolated, substrate- supported or 

embedded) nanometer-sized particles, thin wires or thin films. CVD, PVD, inert gas 

condensation, various aerosol techniques, precipitation from the vapor from supersaturated 

liquids or solids (both crystalline and amorphous) appear to be the techniques most frequently 

used to generate this type of microstructure. Depending on the details of the production 

process, the nm-sized crystallites obtained may be chemically identical, chemically different 

or they may be coated at their free surfaces. The second category comprises of materials in 

which the nanometer–sized microstructure is limited to a thin (nm–sized) surface region of a 
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bulk material. PVD, CVD, ion implantation and laser beam treatments are the most widely 

applied procedures to modify the chemical composition and atomic structure of solid surfaces 

on a nanometer scale. This approach involves the introduction of high density of crystal 

defects (dislocation, grain boundaries etc) into a former perfect (or nearly perfect) single 

crystal by heavy deformation (e.g. by ball milling, extrusion, shear, wear, or high energy 

irradiation). The third category is the bulk solid with a nanometer-scale microstructure. The 

chemical composition, the atomic arrangement and the size of the building blocks (e.g. 

crystallites or atomic /molecular groups) forming the solid vary on a length scale of a few 

nanometers throughout the bulk. In other words, materials assembled of nanometer sized 

building blocks are microstructurally heterogeneous consisting of the building blocks and the 

regions between adjacent building blocks. Inoue describes nanocrystalline metallic systems 

as made of three structurally distinct phases like amorphous phase, nano quasicrystalline 

phase and nanocrystalline phase.
[6]

 Depending on the process of formation of nonequilibrium 

phases nanocrystalline materials may be consisting only of nanocrystalline phases or may be 

combinations of nano crystalline plus amorphous phases, nanoscale crystalline plus 

quasicrystalline phases and nanoscale quasicrystalline plus amorphous phases.  

 

Methods of preparation: The first effort towards synthesizing nanostructured materials, 

investigating their properties and those of nanopowders from which they were obtained, was 

made in the mid-seventies, which have given a new impetus by the invention of the technique 

allowing synthesis and consolidation of nanopowders in the same chamber.
[7,8]

 Increased 

activities on the synthesis of nanocrystalline materials in recent years have been due to the 

pioneering work of Gletier.
[5]

 Gletier synthesized ultra-fine nanometer sized metallic particles 

using an inert gas condensation technique and consolidated the powders in situ into small 

discs under ultrahigh vacuum conditions. Since then a number of techniques have been 

developed in which the starting material can be either in the solid, liquid, or gaseous states 

and could be grouped according the scheme shown in Table-1. 
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Table-1: Techniques of synthesis of nanocrystalline materials.  

Starting phase Techniques 

Vapour 

Inert gas condensation 

Sputtering 

Plasma processing  

Vapor deposition (physical and 

chemical) 

Liquid 
Electrodeposition 

Rapid solidification 

Solid 

Mechanical alloying/ milling 

Sliding wear 

Spark erosion 

 

In principle, any method capable of producing very fine-grained polycrystalline powders 

could be used to produce nanocrystalline materials.
[3]

 If a phase transformation is involved, 

e.g. liquid to solid or vapor to solid, then steps have to be taken to increase the nucleation rate 

and decrease the growth rate during formation of the product phase. The methods which have 

commonly been employed to synthesize these materials include inert gas condensation, 

mechanical alloying, spray conversion processing, sputtering, physical vapor deposition 

(PVD), chemical vapor processing, electrodeposition, co-precipitation, plasma processing, 

laser ablation, hydrothermal pyrolysis, thermophoretic forced flux system, and quenching the 

melt under high pressure.
[9-24]

 The grain size (physical dimension), morphology, and texture 

can be varied by suitably modifying and controlling the process variables in each of these 

methods. 

 

Controlled crystallization of the amorphous phases produced by any of the above methods 

(e.g. mechanical alloying, vapor deposition, electrodeposition) or by rapid solidification from 

the liquid state can also be used to produce nanocrystalline materials. There have also been 

several basic investigations during the past 2 to 3 years to define the conditions under which 

ultrafine powders could be obtained from the amorphous phases.
[25-27]

 

 

Above mentioned methods have been used with different degrees of success to produce 

nanocrystalline phases in a variety of materials. Methods like gas condensation, mechanical 

alloying, and crystallization of amorphous alloys, chemical precipitation, and spray 

conversion processing have, widely, been used to produce 3D equiaxed nanocrystallites and 

also materials in the highly dispersed state depending the post preparation techniques. Vapor 

deposition, sputtering, and electrodeposition techniques have been used to synthesize the 1D–
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layered nanocrystals while the sol-gel process is generally used to produce clusters. 

Following paragraphs describe briefly some of the fundamental techniques. 

 

(i) Gas condensation technique: In this method, a metal or a mixture of metals is evaporated 

inside an ultrahigh vacuum (UHV) chamber filled with helium.
[9,10]

 Due to interatomic 

collisions with helium atoms in the chamber, the evaporated metal atoms lose their kinetic 

energy and condense in the form of small crystals. These crystal powders are accumulated on 

vertical liquid nitrogen filled cold finger. The powder is stripped off the cold finger by 

moving an annular Teflon ring down the length of the tube into a compaction device. The 

scraping and compaction process also are carried out under UHV conditions. This done to 

minimize the amount of any trapped gases at the interfaces.
[28]

 The densities of as compacted 

samples are found to be within 75-90% of corresponding bulk densities.  

 

(ii) Mechanical alloying: Mechanical alloying (MA) is a solid-state powder processing 

technique that allows production of homogenous materials starting from blended elemental 

powder mixtures. The first report of the formation of nanostructured material synthesized by 

mechanical alloying is by Thompson and Politis in 1987, though the specific mention of 

formation of “nanocrystalline structures produced by mechanical alloying” was by Shingu et 

al in 1988.
[29,30]

 Unlike many of the other methods, mechanical alloying produces low 

dimensional structures not by cluster assembly but by the structural decomposition of 

coarser-grained structures as a result of severe plastic deformation. This process consists of 

repeated welding, fracturing and rewelding of powder particles in dry high energy ball 

charge.
[31,32] 

In mechanical alloying process, mixtures of elemental or prealloyed powders are 

subjected to grinding under a protective atmosphere in equipment capable of energy 

compressive impact forces such as attrition mills (Figure-1), vibrating ball mills, and shaker 

mills. A very recent comprehensive review described the process of mechanical alloying and 

the properties of the nanocrystalline materials obtained thereby.
[11] 

 

 

Figure-1 
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It has been shown that nanometer sized grains can be obtained in almost any material after 

sufficient milling time down to a minimum value which seems to vary with the melting 

temperature.
[11] 

 

(iii) Spray conversion processing: The process involves the atomization of a precursor 

solution into droplets, which are then directed through a heated region, usually a reaction 

furnace, by a carrier gas. Inside the furnace the solvent evaporates and intra-particle reactions 

occur that form the product material. The main advantage is the high purity of the product 

powder.
[33] 

Other advantages are that the particles are more uniform in size and composition 

compared to the particles produced by other techniques. Experimental layout of this process 

is shown in Figure-2. Particle size is found to be a function of the furnace temperature with 

the average diameter decreasing as the furnace temperature increases. The process parameters 

are being further optimized and since the process is fully integrated, online control is also 

being planned.  

 

 

Figure-2 

 

(iv) Physical vapor deposition: The use of physical vapor deposition (PVD) techniques is 

the most preferred method among all the synthesis methods used to produce sub-nanometric 

layers.
[34]

 Even for the tool industry, the use of chemical vapor deposition to produce nitride 

and carbide coatings may gradually give way to PVD technologies. Amongst the many PVD 

methods used to produce nanoscaled multilayers, as electron beam evaporation, ion beam 

sputtering, molecular beam epitaxy, magnetron sputtering, the method used most frequently 

is thermal evaporation. Vacuum evaporation by electrical resistance heated sources inside a 

tungsten filament or boat (wire baskets, crucibles, multi-strand filaments) is often a preferred 

entrance level technique for the deposition of the thin films. The material vapor finally 

condenses in form of thin film on the cold substrate surface and on the vacuum chamber 
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walls. Usually low pressures in the range 10
-6 

to 10
-5 

torr are used, to avoid reaction between 

the vapor and atmosphere. Vapor deposition is the heart of ongoing efforts to shrink 

microelectronic circuitry into the nanoscale regime to create functional thin films (e.g. 

exhibiting high temperature superconductivity, nonlinear optical behavior), and to synthesize 

materials with high thermoelectric figures of merit. It is widely used to grow nanoscaled 

particles
 
as well.

[34] 

 

(v) Chemical Vapor Deposition: The CF-CVD process is based upon pyrolysis of chemical 

precursors in the narrow hot zone of a flat flame that is stable at pressure (<66 mbar).
[35]

 The 

CF-CVD system, shown in Figure-3, consists of a water cooled vacuum chamber 

continuously pumped with a roughing pump. 

 

 

Figure-3 

 

A constant dynamic pressure is maintained with a closed-loop pressure controller. Inside the 

chamber, a 2.5" diameter burner and a substrate are fixed rigidly to a mount such that the 

burner to substrate distance can be varied as desired. Metalorganic precursors are typically 

used in the Chemical Vapor process. In the configuration shown in Figure-3, the flow is 

highly one-dimensional, and the temperature and chemical species concentrations vary only 

in the axial direction (i.e. perpendicular to the face). The flow rate used for production of the 

different kinds of powders are presented in Table-1.
[36] 

 



Dhabal et al.                                                                        World Journal of Pharmaceutical Research 

www.wjpr.net      │    Vol 9, Issue 14, 2020.     │      ISO 9001:2015 Certified Journal        │ 541 

 

 

The precursor pyrolyzes in the preheat zone of the flame, and particles condense as the flame 

gases cool upon approach to the substrate. The high degree of uniformity in these flames 

ensures that the particle size distribution in the deposit will be narrow since all the particles 

experience a similar time/temperature history. Widespread application of nanocrystalline 

materials requires production of the powder in tonnage and also efficient methods of 

consolidating the powders into bulk shapes.
[33]

 Since the gas condensation process is carried 

out completely under UHV conditions, the cost of production is high. However, the powder 

produced is very clean and the cleanness between the particles can be maintained even after 

compaction. Mechanical alloying, on the other hand is a proven commercial process to 

produce oxide dispersion strengthened. But, contamination of the powder during milling 

(because of the fine size of the powder, atmosphere, and addition of process control agents to 

prevent excessive welding of powder particles among themselves and to the container walls) 

could prove a serious limitation of the process. Plasma processing can be another viable 

commercial process for making nanocrystalline powders. Limitations and advantages exist 

for each synthesis method when compared with others. 

 

Review of recent work done on structure- property correlations of nanocrystalline 

materials: In nanocrystalline materials two types of atoms can be distinguished; crystal 

atoms with nearest neighbor configuration corresponding to the lattice and boundary atoms 

with a variety of interatomic spacings, differing from boundary to boundary. A 

nanocrystalline metal sample, for example, contains typically a high number of interfaces (~ 

6×10
25

m
-3

 for a 10 nm grain size) with random orientation relationships, and consequently, a 

substantial fraction of atoms lies in the interfaces. Assuming that grains have the shape of 

spheres or cubes, the volume fraction of nanocrystalline materials associated with the 

boundaries has been calculated.
[37]

 It has been shown that the volume fraction of atoms in the 

grain boundaries could be as much as 50% for a grain size of the order of 5 nm and decreases 

with increase in size. Thus, nanocrystalline materials in general, may be considered as 
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consisting of two basic structural components – the numerous, small crystallites with long 

range order and different crystallographic orientations constituting the „crystalline 

component‟ and a network of inter-crystalline regions, the structure of which differs from 

region to region, called interfacial component.
[3]

 The situation is similar in case of multilayer 

thin films except for epitaxially grown films. The complex nature of the structure thus 

attribute to the observed unique physical and mechanical properties of these materials.
[1,2]

 

These materials have a wide range of possible applications with significant technological 

importance. For example, among the outstanding properties of metallic nanocrystals very 

high level of yield and fracture stress may be mentioned.
[1,38]

 On the other hand nanophase 

ceramics are more ductile than conventional ceramics.
[2,38]

 Multicomponent nanophase films 

are the main materials in modern electronic devices. The stability of devices is directly 

determined by the mechanical stability of the films and their mechanical properties.
[39]

 Thus, 

in order to understand the interrelationship between structure and properties, nanocrystalline 

materials need to be characterized on both atomic and nanometer scales. The microstructural 

features of importance include (a) crystal size (grain size), distribution, and morphology, (b) 

the nature and morphology of grain boundaries and interphase interfaces (c) the perfection 

and nature of crystal defects. In the case of layered nanostructures, the features of importance 

are (a) the thickness and coherency of interfaces (b) composition profile across the interfaces 

to understand the nature of interdiffusion. Following sections review the recent developments 

in correlating structure dependent physical properties of nanocrystalline materials in general, 

separate sections on ceramic oxides and multilayer thin films are also discussed. Important 

microstructural parameters influencing the physical properties may, broadly, be grouped as: 

(i) Size effects influencing primarily mechanical strength, phase transitions, grain growth, 

electrical, magnetic and optical properties and, (ii) Diffusion dominates formation of 

intermetallic phases at grain boundaries and also sinterability. 

 

(i) Size effect and its influence on physical and mechanical properties: When the 

dimensions of solids are comparable with the correlation length of some physical 

phenomenon (e.g., the Cooper-pair length, an exciton size, dislocation pileup length, etc), a 

detailed revision of all physical properties of solids become necessary and are usually 

referred to as size effects.
[40]

 Size effect may also occur for structural elements of massive 

solids (crystallites, pores, etc). When the size of crystallites is very small (of the order of nm), 

most physical properties of the polycrystals suffer a noticeable change.
[4]

 Mechanical 

properties of solids are, in most cases, structure sensitive, so an influence of size effect on the 
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behavior of lattice defects in crystals ought to drastically change their physicomechanical 

characteristics. One of the most important crystal defects determining mechanical properties 

is lattice dislocation. Decreasing the grain size leads to increased hardness. It is thus clear that 

there must be a maximum in hardness at an optimal grain size.
[3,40]

 For individual small 

crystals, lattice dislocation tend to leave the crystals, when the crystal size is less than the 

characteristic length.
[40]

 Dislocation instability explains low deformability of small 

particles.
[41]

 Theoretical results concerning the behavior of dislocations in small particles and 

nanocrystals has been reported, for the first time in where the problem of stability of defects 

in nanovolumes have been considered and the existence of critical size of dislocation stability 

in nanoparticles or nanograins has been predicted.
[40,42]

 Below this critical size, material 

parameters such as elastic (shear) modulus (G) and lattice resistance (σ p) to the dislocation 

motion, gliding dislocations are unstable in nanovolume interior. The reason for such 

instability are due to “image” forces Fi of elastic nature which strongly depend on 

nanocrystalline size.
[41] 

Two kinds of forces act on dislocations in solids, one is continuum 

forces caused by the presence of interfaces and surfaces or by external stresses etc, second is 

the elastic friction forces depending on the position of the dislocation in a crystals.
[42]

 

Dislocations are non-equilibrium defects but in unloaded real nanocrystals they may exist for 

infinitely long time periods, since the continuum forces are too weak to overcome lattice 

friction. The elementary scheme of defect interaction will include one defect (dislocation, 

disclination etc) and interface of different geometry: plane interface, spherical interface, 

junction interfaces and so on.
[41]

 In nanoscaled materials the elastic properties are strongly 

modified by the interaction of defects with interfaces.
[38]

 The elastic constants of 

nanocrystalline materials have been found to be reduced by 30% or less. These results were 

interpreted as a result of the large free volume of the interfacial component resulting from the 

increased average interatomic spacings in the boundary regions.
[1]

 The most significant 

change resulting from a reduction in the grain size to the nanometer level is a 4-5 times 

increase in the strength and hardness over the coarse-grained material. This is also the least 

understood and most controversial area.
[3]

 Nanocrystalline materials are expected to show 

much higher yield strength than the coarse-grained materials of the same composition. 

However, it should be realized that the Hall-Petch relationship, which explains the increase in 

yield strength with decreasing grain size has certain limitations.
[43,44]

 First, the strength value 

cannot increase indefinitely to beyond the theoretical strength limit. Second, any relaxation 

process taking place at the grain boundaries could lead to a decrease in strength. Third, the 

Hall-Petch relationship has been derived on the basis of strengthening resulting from 
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dislocation pile-ups at physical obstacles. Recently, there has been an active debate in the 

literature on the origin of the high strengths of nanocrystalline materials, and attempts have 

been made to modify the Hall-Petch relationship to explain the observed results. At extremely 

fine grain sizes, e.g. the nanometer regime, the individual grains cannot support more than 

one dislocation and thus the Hall-Petch relationship may not be valid.
[3]

 However, since in 

very fine-grained materials, e.g. nanocrystalline materials, pile-ups cannot form when the 

grain size is less than a critical value (dc), weakening mechanisms (e.g. viscous type flow) 

operate and lead to a decrease in hardness with decreasing the grain size.
[45,46]

 Assuming that 

the dislocation pile-up model is valid even in nanocrystalline materials, Pande et al 

considered the effect of a smaller number of dislocations in the pile-up and also the effect of 

anisotropy and suggested that the grain size exponent could be modified from the traditional 

value of (–1/2). Other investigations have modified the grain size exponent and /or the slope 

of the plot.
[47-51]

 According to Palumbo et al, the transition from a positive to a negative slope 

occurs when the triple junctions in the microstructure begin to comprise a significant volume 

fraction of the bulk specimen value.
[52]

 Fougere et al
 
and Liu et al observed that the hardening 

or softening of nanocrystalline materials could depend on the method used to vary the grain 

size.
[53-55]

 Annealing a sample to produce grain growth resulted in hardness values greater 

than those of as prepared samples with similar grain sizes. Lu and Sui, on the other hand felt 

that thermal annealing of the as prepared sample will relax the interfacial structure leading to 

a reduction in interfacial excess energy and this could explain the abnormal Hall-Petch 

behavior.
[56] 

 

(ii) Size effect on diffusion and sinterability: Since nanocrystalline materials contain a very 

large fraction of atoms at the grain boundaries, the numerous interfaces provide a high 

density of short circuit diffusion paths. Cosequently, they are expected to exhibit an enhanced 

diffusivity in comparison with the same chemical composition.
[57-63]

 This enhanced 

diffusivity can have a significant effect on mechanical properties such as creep and super 

plasticity, ability to drop efficiently nanocrystalline materials with impurities at relatively low 

temperatures, and synthesis of alloy phases in immiscible metals and at temperatures much 

lower than those usually required in other systems.
[3] 

The measured diffusivities in 

nanocrystalline Cu are about 14-20 orders of magnitude higher than lattice diffusion and 

about 2-4 orders of magnitude larger than grain boundary diffusion.
[61]

 Similarly enhanced 

diffusivities have been also observed for solute diffusion in other metals. Diffusion 

coefficient strongly depends on the concentration and hence on the time-temperature history 
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of the material. The nature of the diffusion profiles is found to change with time and also with 

annealing owing to the formation of the intermetallic phases. The enhanced self and impurity 

diffusivities in nanocrystalline materials appear to be strongly linked to the porosity present 

in the samples. Averback et al showed that diffusion coefficients could be reduced to 

conventional values by sintering the samples to full density.
[64]

 The increased diffusivity (and 

consequently the reactivity) leads to increased solid solubility limits, formation of 

intermetallic phases (at temperatures much lower than those required for coarse grained 

materials and sometimes new phases), and increased sinterability of nanocrystalline powders. 

Solid solubility limits are usually enhanced when the material is in the nanocrystalline state. 

In extreme cases, solid solutions can also form in alloy systems which exhibit miscibility 

gaps both in the liquid and solid states. Typical examples of this phenomenon are the Ag-Fe, 

Ti-Mg and Cu-Fe systems.
[65-68] 

The enhanced solid solubility limits in these systems have 

been
[
 explained on the basis of elastic strains at the interfaces for various alloys. The 

nanostructure processing appears to be a novel way of forming solid solution alloys in 

systems in which alloying has not been possible by any other technique. The high diffusivity 

of nanocrystalline materials results in alloying by diffusion along the grain boundaries 

resulting in the formation of stable and metastable phases at relatively low temperatures. For 

example, formation of the Pd3Bi intermetallic has been found to occur at 120
0
C, a 

temperature much lower than normally observed.
[69]

 Similarly, nanocrystalline mixtures of 

Cu and Er crystallites formed the equilibrium CuEr compound by compound by 

compaction.
[69]

  

 

Another important consequence of the increased diffusivity is that sintering of 

nanocrystalline powders can occur at temperatures lower than those required for sintering 

coarse-grained polycrystalline powders. Significant improvements in the sinterability and 

mechanical properties have been obtained in nanocrystalline TiO2 (rutile) in comparison with 

conventionally synthesized coarse-grained rutile.
[70-72]

 Additionally, the fracture 

characteristics of sintered nanocrystalline TiO2 appear to be significantly different from those 

of sintered commercial powder. It is not surprising that nanocrystalline materials, with their 

ultrafine grain sizes (and possibly clean particle surfaces and high grain boundary purity), 

will sinter at much lower temperatures than conventional coarse-grained materials.  

 

Dislocation, growth and strength properties of nanocrystalline ceramic powders: 

Nanophase ceramic powders offer a host of attractive properties that are different from those 
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associated with coarse particles.
[35]

 Nanocrystalline ceramics may also be a good candidate 

material for joining ceramic parts. The usual problems in joining conventional ceramics is the 

requirement of high pressures and temperatures for diffusion bonding and non-retention of 

strength at elevated temperatures for reactive braze metals and molten glass – can be 

overcome with nanocrystalline ceramics because of their high diffusivity and super-plastic 

forming characteristics.
[3]

 Also in the area of mechanical behavior, it has been observed that 

nanophase ceramics are easily formed
 
and nano indenter measurements on nanophase TiO2 

have recently demonstrated that there is a dramatic increase in strain rate sensitivity with 

decreasing grain size.
[72-76]

 Application areas for oxide ceramic nano powders include 

Chemical Mechanical Polishing (CMP), opacity in the ultra violet region of the light 

spectrum, heat transfer fluids, chemical gas sensors, catalysts and catalyst supports, 

conducting inks, biological filters and solar cells. All of these applications are driven by the 

need for a high surface area powder. Strong grain-size dependence is found for sets of 

samples in which the porosity change very little, it appears that this increased tendency 

toward ductility is an intrinsic crystal-size dependent property of these ultrafine crystalline 

ceramics.
[3] 

The enhanced strain rate sensitivity at room temperature found in the nanophase 

ceramics (TiO2, Al2O3) appears to result from increased grain boundary sliding in this 

material, aided by the presence of porosity, ultrafine crystal size, although the mechanism is 

yet to be demonstrated. In many ceramic systems such as TiO2, Al2O3 and SiO2 various kinds 

of metastable phases (polymorphs) are frequently observed in the ultrafine powders. 

Nanocrystal TiO2 have important applications in photovoltaic devices due to its large specific 

surface area which can act as the light receiving surfaces for the efficient solar cell.
[77]

 

Moreover, TiO2 is used in many applications such as integrated wave-guides, gas and 

humidity sensors, inorganic membranes, catalyst supports and electrochemical displays as 

well as in ecology for wastewater treatment.
[78]

 Alumina (Al2O3) has been extensively 

investigated because of its wide-ranging industrial applications. This includes applications as 

a refractory material both of high-hardness and stability up to high temperatures, as a 

support-matrix in catalysis, as well as a variety of fundamental interests.
[79-81]

 Silicon based 

advanced ceramics are being studied in great details for mechanical and opto-electronic 

applications.
[82]

 SiO2 is widely used in the ceramic and glass industries and has an enormous 

application potential in optical fibers, in microelectronics and in catalysis. On the other hand, 

silica is one of the most difficult materials to study. The origin of this difficulty is in the 

enormous structural complexity.
[83]

 It is important to understand the grain growth processes 
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of the nano powders during annealing, in order to be able to achieve the fabrication of 

ceramics with controlled microstructure. 

 

Recent studies on nanocrystalline TiO2: Anatase is a TiO2 polymorph which is less stable 

than rutile, but more efficient than rutile for several applications like catalysis, photocatalysis, 

and solar cells.
[84-86]

 Moreover, significant improvements in the sinterability and mechanical 

properties have been obtained in nanocrystalline TiO2 powders in comparison with 

conventionally synthesized coarse-grained powders.
[72,87,88]

 In all the applications, surface 

properties are of important considerations. However, while the surfaces of rutile have been 

extensively investigated, due to the limited availability of sufficiently large anatase single 

crystals the fundamental surface properties of this polymorph are still largely 

unexplored.
[85,89]

 Only recently, some experimental studies of well-defined anatase surfaces 

have been undertaken.
[90,91]

 From detailed surface energy calculations of the different 

crystallographic planes, it has been shown that anatase phase is the most probable phase 

during synthesis if the grain sizes are within 10 nm.
[92]

 Experimental and theoretical models 

based on surface energy calculations on phase stability of TiO2 are contradictory.
[92-94]

 

However, this has been attributed due to the small difference in the surface energies of the 

component phases.
[92]

  

 

Strength properties of the nano-powders are found to be grain size dependent. Recently there 

has been an active debate in the literature on the origin of high strength of nanocrystalline 

materials (mostly in metals and alloys) and attempts have been made to explain strength 

related properties on the basis of dislocation movements.
[3,95]

 It has been reported that 

hardness decreases if the grain sizes are bellow a critical size.
[50]

 Dislocation-grain boundary 

interactions have been attributed for the grain growth in nanomaterials.
[96]

 Database both 

theoretical and experimental available in regard to growth and strength properties of 

nanocrystalline TiO2 powders is limited and findings, in general, are in contradictions.
[87,92-96]

 

The behavior of dislocations when the grain size becomes so small that predictions based on 

dislocation theory may be wrong because the fundamental assumptions in the theory are no 

longer valid. However, as the database for nanocrystalline metals and alloys is extremely 

thin, both in the variety of materials studied and the type of tests carried out, it is extremely 

difficult to arrive at such conclusions. Nevertheless, dislocation-grain boundary interaction 

plays an important role in controlling the grain growth, phase change and strength properties 

of the nanocrystalline materials. Hence models based on such dislocation interactions need 
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careful examination. Again, strength related physical parameters like Young‟s moduli and 

shear moduli could be measured from X-ray diffraction analysis. Determination of such 

physical quantities from X-ray data may therefore be used to test the applicability of the X-

ray diffraction technique for nanocrystalline materials. 

 

Williamson and Smallman derived the basic equations for deducing the dislocation density in 

powdered materials from crystallite size and strain breadth measured from the X-ray Debye-

Scherrer spectrum.
[97]

 It has been shown that with cold working and annealing the nature of 

dislocation distribution changes. With proper modeling it is possible to get both a narrow 

bracket for dislocation density and considerable information on the dislocation arrangement. 

In this work an attempt has been made to explain the size dependent phase transformation 

observed in nanocrystalline powders of TiO2. Dislocation model proposed by Williamson and 

Smallman has been used to explain the transformation.
[97] 

 

Recent studies on nanopowder Al2O3: Crystallites in nanometer dimensions have become 

highly important and are widely investigated, which is also the case in the alumina (Al2O3) 

system of compounds.
[98,99]

 The large surface to volume ratio in these materials affects the 

physical and chemical properties. For possible applications stability of specific structural 

phases of alumina under high pressure and at high temperatures is of great interest.
[100-103]

 

Nanocrystalline γ-Al2O3 produced by high-pressure compaction has revealed very interesting 

properties; viz, that it plays an important role in improving the performance of composite or 

compacted materials.
[3] 

The addition of nanophase alumina into conventional coarse-grained 

alumina may enhance the elastic modulus and thermal shock resistance.
[102] 

 

Zhao et al studied the high-pressure behavior of nanophase γ-Al2O3 and α-Al2O3 using 

synchrotron X-ray diffractometric technique.
[104]

 It has been suggested that if the grain-size of 

alumina is below a critical value of several nanometers, a substantial change may be expected 

in the isothermal bulk modulus compared with that of bulk value. Kruger observed that the 

bulk modulus of nanophase γ-Al2O3 is independent of the crystallite size in the range 21-67 

nm.
[105]

 Mechanical properties of solids, are, in most cases, structure sensitive, so an 

influence of size effects on the behavior of lattice defects in crystal ought to change 

drastically their physio mechanical characteristics. One of the most important crystal defects 

determining mechanical properties is lattice dislocation. Gryaznov et al have shown that if the 

nano-crystallite size becomes less than the characteristic length Λ (~ Gb/σp
2
 ~ 10 – 100 nm, 

where G is the Shear Modulus, b is the Burger‟s vector and σp is friction stress), substantial 
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dislocation redistribution in the nanocrystals may occur and may drastically change 

dislocation density.
[40,42]

 This effect can occur even for homogeneous nanocrystals having 

mobile boundary structures (slipping boundaries).  

 

Keeping in view of the limitations in measuring directly the strength properties of 

nanodimensional solids in general, present study aims to understand the nature of dislocation 

distributions and their interactions in nano powder of Al2O3 prepared by CF-CVC 

technique.
[35]

 Using the existing relation between the elastic constants and dislocation density 

developed by Williamson and Smallman attempts have been made to infer about the values of 

the elastic constants in nano Al2O3 powder.
[97] 

 

Recent studies on nanophase SiO2: Silica has been widely studied because of its importance 

to both physics and materials science and also because it has relatively simple crystal 

structures but a rich phase behavior.
[106]

 Stability and the mechanical properties of 

nanocrystalline and amorphous SiO2 at high temperatures have become highly important and 

are extensively investigated for the comparison with silica glass.
[107-113]

 A comparison is also 

made with the results from chemical analysis. The large surface to volume ratio of these 

nanostructured materials affects the physical and chemical properties. Recently, Wolf et al 

reported thermodynamic properties of nanocrystalline materials and glasses, implying that the 

excess specific heat depends on the grain size.
[114]

 Experimental measurements of heat 

capacity at constant pressure Cp indicate that Cp values of nanostructured materials are 

frequently higher that those for the coarse–grained materials.
[115-117]

 Glass transition 

temperature (Tg) for the two same grain sizes with different specific surface of nano SiO2 

sample and one coarse grained amorphous SiO2 sample has been determined at higher 

temperatures.
[118]

 It is possible to control the crystallinity by proper selection of annealing 

temperature.
[82]

 The kinetics of these phase transitions can be extremely sluggish, and there 

are several other metastable crystalline phases of lower symmetry derived from appropriate 

selection of annealing temperature. David A. Keen et al give the detailed quantitative analysis 

of the relationship between the structures of the amorphous and crystalline silica phases 

obtained from neutron total scattering measurements.
[119]

 These measurements give 

information about both long-range crystallographic order and short- range atomic 

arrangements. In the high temperature crystalline phases, the structure over short length 

scales may differ significantly from that corresponding to the „average‟ structure given by the 

long-range order. The observed surface features are generated due to a change in 
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crystallographic order where the defects exist. Petra Feichtinger et al studied the misfit 

dislocation interaction characteristics of silica.
[120]

 A misfit dislocation generates a strain field 

around its path and thus reduces the unstrained channel on top of the interface, an orthogonal 

misfit segment may encounter resistance as it glides across the pre-existing misfit segment. 

Individual dislocations have also been observed during subsequent high temperature anneal 

steps. They also studied the differences in interaction behavior during subsequent annealing 

cycles. Grain growth and also phase transition in nanophase SiO2 is a topic of interest 

because of the various polymorphic forms of SiO2.
[83]

 In this work attempt has been made to 

explain this physical basis of growth of nanophase SiO2.  

 

Microstructure from X-ray Diffraction Analysis: Diffraction peaks broaden either when 

the crystallites become small or when the crystals contain lattice defects. The two effects 

usually occur concomitantly. They can be separated on the basis of the different order 

dependence of broadening. Two classical methods have evolved during the last five decades: 

the Williamson-Hall and the Warren-Averbach procedures.
[163-165]

 The first is based on the 

full width at half maximum (FWHM) and the integral breadths while the second on the 

Fourier coefficients of the profiles. Both methods provide apparent size parameters of 

crystallites or coherently diffracting domains and values of mean square strain. The 

evolutions become, however, complicated if either the crystallite shape or strain are 

anisotropic.
[166,167] 

The mean square strain is most often attempted to be given as a single 

valued quantity.
[164,165,168]

 A vast amount of experimental work has shown, however, that the 

mean square strain ( S
2
 L, g) is almost never constant, neither as a function of L or as g, where 

L and g are the Fourier length and the diffraction vector respectively.
[164,165,169-178]

 The g 

dependence is further complicated by strain anisotropy, which means that neither the breadth 

nor the Fourier coefficients of the diffraction profiles are monotonous functions of the 

diffraction angle or g.
[167,174-176,179-181]

 Peak profile analysis can only be successful if the strain 

effect is separated correctly. Two different models have been developed so far for strain 

anisotropy: (i) a phenomenological model based on the mean square strain of dislocated 

crystals.
[170,172,183]

 The dislocation model of ( S
2
 L,g) takes into account that the contribution 

of a dislocation to strain broadening of a diffraction profile depends on the relative 

orientations of dislocation line and the Burgers vectors of the dislocations and the diffraction 

vector. This has the similarity as the contrast effect of dislocations in electron microscopy. 

Anisotropic contrast factors, C, which can be calculated numerically on the basis of the 

crystallography of dislocations and the elastic constants of the crystals.
[172,175,176,184-186]

 By 
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appropriate determination of the type of dislocations and the Burgers vectors present in the 

crystal, the average contrast factors, <C>, for the different Bragg reflections can be 

determined. Using the average contrast factors in the modified Williamson-Hall plot and in 

the modified Warren-Averbach procedure, the different averages of crystallite sizes, the 

density and the effective outer cut off radius of dislocations can be obtained.
[174,185]

 On the 

other hand, strain anisotropy enables the determination of the Burgers vector population, the 

type of dislocations in terms of edge or screw dislocations and, especially in more 

complicated crystal systems like hexagonal crystals, active slip systems or Burgers 

vectors.
[176,187,188] 

 

It can be shown that, once the strain contribution has been separated, diffraction peak profiles 

depend on the shape, the mean size and the size-distributions of crystallites or coherently 

diffracting domains.
[189-192]

 If the shape of the crystallites can be assumed to be uniform, the 

area and the volume-weighted mean crystallite sizes can be determined from the Fourier 

coefficients and the integral breadths of the X-ray diffraction profiles.
[187,188,192-195]

 These two 

mean sizes of crystallites can be used for the determination of a crystallite size distribution 

function. There is a large amount of experimental evidence that the crystallite size 

distribution is usually log-normal.
[24,193,194]

 Langford and coworkers have elaborated a whole 

powder pattern fitting procedure to determine the crystallite size distribution in absence of 

strain.
[192]

  

 

Rietveld refinement is a technique by which a crystal structure model can be refined from an 

experimental powder diffraction pattern using the least squares.
[196]

 The modified Warren-

Averbach and modified Williamson-Hall analysis have been used in the past few years both 

in individual profile analysis as well as whole pattern fitting algorithms by Rieltveld 

method.
[174,197,187, 198]  

 

Due to several the presence of several polymorphic phases in the nano crystalline ceramic 

powders selected for the present studies (also the different phases present in multilayer metal 

thin films), most of the X-ray diffraction profiles of individual phase in the X-ray diffraction 

pattern are completely or partially overlapped. As a result, without a reliable profile fitting 

method it is almost impossible to extract the information regarding FWHM, integrated 

intensity, Gaussianity etc., of individual profile by any conventional X-ray method for 

particle size and strain analyses by the Scherrer formula, integral breadth, Warren-

Averbach‟s Fourier method. Furthermore, the X-ray line-broadening due to small crystallite 
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size and rms strain, can be modeled by Lorentzian and Gaussian type profile fitting functions, 

respectively. The pseudo-Voigt (pV) profile is a combination of these two functions. A 

crystal structural model for polycrystalline material based on these considerations namely, the 

Rietveld method would be the best for microstructure characterization as well as for 

quantitative estimations of these types of multiphase materials. The advantages of this 

method are many folds: (i) it does not require a pure standard for quantitative analysis, (ii) 

completely as well as partially overlapped reflections can be analyzed with sufficient 

accuracy; (iii) particle size and strain analyses are based on whole profile fitting 

methodology; (iv) structural parameters can be refined by this method and so on. To 

overcome difficulties and limitations of other methods of microstructure analysis and 

considering all the benefits of the whole profile fitting methodology, Rietveld‟s powder 

structure refinement procedure based on pV profile fitting function has been adopted in the 

present course of studies.
[199] 

 

AIMS AND OBJECTIVES 

In nanocrystalline materials structure-modulated properties are exploited for possible 

technological applications; however, much remains to be understood as regards to the 

interplay between the process parameters and the microstructural characteristics of these 

materials. It is worthwhile to mention a few examples. In case of polycrystalline materials, 

the yield strength (or hardness) increases with decreasing grain size and is described by Hall-

Petch relationship connecting grain size and yield strength or hardness. Accordingly, 

nanocrystalline materials are expected to show much higher yield strength than the coarse-

grained materials of same composition. In some metallic nanocrystals very high level of yield 

strength and fracture stress is observed. On the other hand, nanophase ceramics are more 

ductile than conventional ceramics. Recently there is an active debate to modify the Hall-

Petch relation to explain the strength properties of nanograined materials. Attempts are being 

made to explain the observed experimental results in terms of dislocation movements and 

their arrangements. Consolidation of the fine powders and the thermal stability of the 

nanometer-sized grains is another concern of materials scientists. It has been realized that the 

interfaces for nanophase materials are softer than the bulk crystal, and the interaction of 

individual defects with the interfaces and junctions of interfaces should be considered as the 

main event, which is responsible for the mechanical properties of the nanoscale materials. It 

is gratifying to note that optimization of process parameters to consolidate these materials to 

full density has just begun and models based on cooperative effects of an ensemble of 
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interacting defects and interfaces are being developed. Although the mechanisms, till date, 

are not clear, the grain growth appears to be minimal and this augurs well for future of 

nanocrystalline materials. The physical basis of enhanced diffusivity observed in these 

materials is the other area, which need to be addressed as the process of diffusion is exploited 

to produce non-conventional alloy phases. 

 

Conventional physical models for crystal plasticity and traditional approaches of solid 

mechanics need to be revised and modified to include size effects due to the presence of a 

large density of grain and phase boundaries in these materials. From physical point of view 

the influence of boundaries and interfaces is twofold. Interfaces and junctions present the 

obstacles to deformation process and contribute to the strengthening of the material. On the 

other hand, plastic deformation in nanophase materials takes place mainly at interfaces, 

which are softer than the bulk crystal. Therefore, it is clear that the interaction of individual 

defects with interfaces and junctions of interfaces should be considered as the main event, 

which is responsible for the mechanical properties of nano scaled materials. One of the most 

important crystal defects determining the mechanical properties are lattice dislocations. 

Interactions of dislocations with interfaces in nanocrystalline materials must be investigated 

in order to explain the strength properties. However, when the crystallite sizes are small 

lattice dislocations tend to leave the crystals and dislocation behavior is much more 

complicated. Recent years have seen attempts to model the dislocation interactions in 

nanocrystalline solids both theoretically and experimentally.
[40,41,42,47]

 In the present 

dissertation attempt has been made to reinvestigate the existing model, developed by 

Williamson and Smallman, on dislocation interactions in polycrystalline materials for its 

possible application in nanocrystalline materials.
[97] 

 

Owing to the ultrafine scale of these materials‟ traditional experimental tools like X-ray and 

Electron diffraction and Electron microscopy are both necessary and useful to understand the 

structure of nanocrystalline materials. X-ray line profile technique of analysis is an effective 

means to understand the lattice defects in polycrystalline materials and have been used for 

last few decades.
[168,196]

 With the advances made in the powder diffraction data analysis using 

Rietveld Refinement routine, lattice defect parameters are determined with precision.
[199]

  

 

Phase stability and strength properties of nanomaterials are studied using the conventional 

analytical techniques like X-ray and electron diffractions, electron microscopy and X-ray 

photoelectron spectroscopy. Two types of materials have been selected ceramic nanopowders 
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and metal/metal multilayers. Homogeneous nanocrystalline powders of TiO2, Al2O3 and SiO2 

are selected for their size dependent phase stability and strength properties. These powders in 

nanoform now a day find wide range of applications. The oxides provide an opportunity to 

extend our knowledge of grain size dependent phenomena to newer dimension while 

multilayer systems give an opportunity to study the diffusion-controlled interface 

microstructure. The findings are important to explain the consolidation of fine powders and 

their thermal stability in terms of dislocation arrangements. 

 

Nanotechnology more descriptively known as molecular manufacturing, involves the design, 

modeling, fabrication and manipulation of materials and devices at the atomic scale. Alumina 

has been used as a biomaterial implants due to its excellent biocompatibility and bioinert 

nature. Micro alumina is used for orthopedic and dental implants, and has the ability to be 

polished to a high surface finish and high hardness. It has been utilized in wear bearing 

environments such as the total hip arthroplasties (THA) as the femoral head generating 

reductions in wear particles from ultrahigh molecular weight polyethylene.
[200]

 Total hip 

replacement (THR) is one of the most successful applications of biomaterials in the short 

term. However in the long term (>15 years) the current biomaterials, particularly 

polyethylene, fail because of a concurrent mechanical and biological process wear debris 

induced osteolysis, which leads to implant failure and to revision surgery.
[201,202]

 Most 

importantly, to date, failure of conventional orthopedic and dental implant materials is often 

due to insufficient bonding to bone.
[203-205]

  

 

CONCLUSION 

Stability of the nanocrystalline materials synthesized by various processes is important for 

their possible technological applications. In order to obtain consolidated physical properties, 

these materials are treated under different environmental conditions. Physical processes of 

importance are growth and phase transitions, which are controlled by diffusion of atomic 

species through the grain boundaries of these tiny crystallites. It may also be stated that the 

microstructure of grain boundary or the interfaces plays important role in controlling the 

growth. Primary aim of the present investigation has been to undertake systematic studies in 

these directions. Two different types of materials have been selected. Nanocrystalline 

ceramic powders are studied for their growth. Growth, phase transition and diffusion 

dependent interface microstructure of some nanocrystalline materials in powder and also in 

thin film forms have been studied (1, 2, 3). Conventional method of X-ray diffraction studies 
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of the lattice defects are done to explain the growth and phase transition in ceramic 

nanopowders. Williamson and Smallman developed a model to estimate the dislocation 

densities present in polycrystalline materials from the measured values of two important 

lattice defect parameters like crystallite size and rms strain. Following the changes in these 

parameters with annealing, it has been possible to infer about the nature of dislocation 

interactions and their arrangements in polycrystalline materials. Moreover, relation 

connecting dislocation densities and rms strain has a constant of proportionality, which 

depends on the elastic constants of the materials. Since X-ray diffraction pattern recorded 

from powder specimens, give information about the coherently diffracting domain only, such 

studies in nanodimensional powders is of importance as the information obtained will be 

limited to the crystalline fraction only. It has thus been felt necessary to reinvestigate the 

model for its possible application to nanocrystalline powder to explain the stability and 

strength properties. Based on the dislocation model, growth and phase transitions in nano 

powders of TiO2 and Al2O3 have been explained. In nano powder TiO2 phase transition 

(anatase to rutile) has been explained. It has been shown that polygonisation of dislocations 

takes place in rutile crystallites. Lattice distortion and high values of dislocation density at the 

grain boundary with marginal increase in crystallite size appear to cause structural 

transformation of anatase to rutile phase. Prior to transformation the anatase phase is found to 

prefer a random orientation of its crystallographic planes on the grain surface, whereas rutile 

phase has been seen to grow along plane. In the studies with nanocrystalline powder of Al2O3 

it has been experimentally demonstrated that the nanopowder particles are not agglomerated 

and are made of single crystalline particles surrounded by highly strained distorted 

semicrystalline region. Grain size increases with heating the powder in ambient conditions. 

Increase in crystallite size has been attributed due to dislocation interaction similar to 

polygonization. The ratio of the elastic constants for both the oxides has been estimated. 

These constants are found to be close to their bulk values. However, in order that the 

estimated values of these constants correspond to the bulk values, a change in the ratio (ln 

r/ro), a parameter term in the original expression derived by Williamson and Smallman has 

been made. The validity of such assumption needs further modeling. It has been shown that 

the phase transition in nanocrystalline powder of SiO2 could not be explained by the above 

model. This has been attributed due to the amorphous nature of the nanopowder. On 

annealing at higher temperatures amorphous phase gradually transforms to small crystallites 

of α-crystobalite. The tiny crystallites subsequently form small domains in the structural form 

of β-crystobalite.  
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The above studies on ceramic powders have experimentally demonstrated that the metastable 

state of the interface microstructure gives rise to the growth and phase transition of 

nanocrystalline powders. In order to minimize such effect attempts need to be made to 

develop techniques to stabilize the interface microstructure. One of the methods could be low 

temperature annealing. However, recent trend in this direction is incorporation of an 

intervening medium, which restricts grain boundary interactions to a minimum. Temperature 

dependent growth behavior has been reported in the present work, however, influence of 

pressure on growth and phase transition need to be studied to further substantiate the above 

observations. Work in this direction is in progress. 

 

Nano phase materials are new formulations of materials that are composed of grains of the 

same atoms but with fewer (less than tens of thousands) and smaller (less than 100nm) in 

diameter atoms than in conventional forms (which contains several billion atoms and have 

grain sizes of micrometers to millimeters in diameter). Moreover, Nano phase ceramics can 

be synthesized so they possess similar grain size, geometry and micro architecture as that of 

healthy, physiological bone. In this way Nano ceramic alumina is more effective than micro 

alumina for orthopedic application. 
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