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Introduction 

X-ray diffraction is based on the interaction between X-rays and the periodic arrangement of atoms in a 

crystalline material. When X-rays strike a crystal, they are scattered by electrons surrounding the atoms. 

Under specific conditions, constructive interference occurs, producing measurable diffraction peaks. The 

positions anitintensities of these peaks contain detailed information about the internal structure of the 

material. The fundamental principle underlying XRD is Bragg’s law, which relates the wavelength of 

incident X-rays, the spacing between atomic planes, and the angle of diffraction. According to this 

relationship, constructive interference occurs only when the path difference between reflected X-rays from 

adjacent planes satisfies a specific geometric condition. By measuring diffraction angles, scientists can 

calculate interplanar spacing and identify crystal structures [1].X-ray diffraction is widely used for phase 

identification. Different crystalline phases produce unique diffraction patterns, often described as 

structural fingerprints. By comparing experimental patterns with standard reference databases, researchers 

can determine the phases present in alloys, ceramics, polymers, and thin films [2].In addition to phase 

analysis, XRD provides information about crystallite size and microstrain. Peak broadening in diffraction 

patterns can indicate small grain sizes or lattice distortions. Techniques such as the Scherrer equation 
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allow estimation of average crystallite size from peak width measurements, which is particularly useful in 

nanomaterials research [3].Residual stress analysis is another important application of XRD. Mechanical 

processing, welding, and thermal treatments can introduce internal stresses that affect performance and 

fatigue life. X-ray diffraction enables non-destructive measurement of these stresses by analyzing changes 

in lattice spacing under applied loads [4].Modern developments in XRD include high-resolution 

instruments, synchrotron radiation sources, and in-situ diffraction experiments. These advancements 

allow researchers to study phase transformations and structural evolution in real time during heating, 

cooling, or mechanical loading. Such capabilities have significantly expanded the role of XRD in 

advanced materials research [5]. 

 

Conclusion 

X-ray diffraction remains one of the most essential tools for structural characterization in materials science. By 

revealing crystal structure, phase composition, and internal stresses, XRD provides critical insight into material 

behavior and performance. It is a remarkable technique: by observing how invisible X-rays scatter from equally 

invisible atomic planes, scientists can reconstruct the hidden architecture of matter with impressive precision. 
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