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INTRODUCTION 

 

          Thus far it has been tacitly assumed that perfect order exists throughout crystalline 

materials on an atomic scale. However, such an idealized solid does not exist all contain 

large numbers of various defects or imperfections. As a matter of fact, many of the 

properties of materials are profoundly sensitive to deviations from crystalline perfection 

the influence is not always adverse, and often specific characteristics are deliberately 

fashioned by the introduction of controlled amounts or numbers of particular defects. 

Crystalline defect refers to a lattice irregularity having one or more of its dimensions on 

the order of an atomic diameter. Classification of crystalline imper fections is frequently 

made according to geometry or dimensionality of the defect. Several different 

imperfections are discussed in this chapter, including point defects (those associated with 

one or two atomic positions), linear (or one-dimensional) defects, and interfacial defects, 

or boundaries, which are two-dimensional. Impurities in solids are also discussed, 

because impurity atoms may exist as point defects. Finally, techniques for the 

microscopic examination of defects and the structure of materials are briefly described. 
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Point Defects 

VACANCIES AND SELF-INTERSTITIALS  
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IMPURITIES IN SOLIDS 
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SPECIFICATION OF COMPOSITION 
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Miscellaneous Imperfections 

DISLOCATIONS—LINEAR DEFECTS 
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INTERFACIAL DEFECTS 

   Interfacial defects are imperfections that occur at the boundary (interface) between 

two different phases or regions within a material for example, between two grains in 

a polycrystalline solid, between a fiber and the matrix in a composite, or between 

two layers in a thin film. 

1. Grain Boundaries: 

These occur where crystals (grains) of different orientations meet. The atomic 

arrangement at the interface is mismatched, leading to localized strain or 

disordered regions. 

2. Phase Boundaries: 

Found between two different phases (e.g., between α and β phases in alloys). 

The atomic structure changes across the interface. 

3. Twin Boundaries: 

A special type of grain boundary where the crystal structure on one side is a 

mirror image of the other. These can strengthen materials by blocking 

dislocation movement. 

4. Interphase Boundaries in Composites: 

In polymer composites or fiber-reinforced materials, interfacial defects occur 

when the adhesion between the matrix and the reinforcement (fiber, filler, etc.) 

is poor — leading to voids, cracks, or delamination. 

5. Surface Defects: 

The outermost interface between a solid and its environment. Any 

contamination, oxidation, or irregular atomic arrangement here can be 

considered an interfacial defect. 
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BULK OR VOLUME DEFECTS 

 These include pores, cracks, foreign inclusions, and other phases. They are normally 

introduced during processing and fabrication steps.  

ATOMIC VIBRATIONS 

   Atoms in a solid vibrate constantly around their fixed lattice 

positions. These vibrations vary in frequency, amplitude, and 

energy, creating small imperfections in the crystal. 

As temperature increases, the average vibrational energy rises in 

fact, temperature measures atomic vibration intensity. 

At room temperature, atoms vibrate about 10¹³ times per second 

with amplitudes of a few thousandths of a nanometer. 

These vibrations affect many properties of solids for example, 

melting occurs when vibrations become strong enough to break 

atomic bonds. 


