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Spectrometer and X-ray Fluorescence

Overview
This booklet gives a general introduction to X-Ray fluorescence (XRF) spectrometry
and XRF analysis.

Key Takeaways
An XRF spectrometer is a non-destructive analytical instrument that identifies and
quantifies elements in materials by measuring characteristic X-ray
emissions.Principle of Operation

XRF spectrometry works by irradiating a sample with high-energy X-rays, which eject
inner-shell electrons from atoms, creating vacancies. Electrons from higher energy
levels then fill these vacancies, emitting secondary (fluorescent) X-rays with energies
unique to each element. By measuring the energy and intensity of these emissions,
the spectrometer can determine both the identity and concentration of elements in
the sample .

Types of XRF Spectrometers
• Energy-Dispersive XRF (EDXRF): Uses a solid-state detector to measure the energy
of emitted X-rays directly. EDXRF instruments are compact, portable, and suitable for
rapid multi-element analysis, though they have lower resolution compared to
wavelength-dispersive systems .

• Wavelength-Dispersive XRF (WDXRF): Employs a diffraction crystal to separate X-
rays by wavelength, offering higher resolution and precision, ideal for detailed
laboratory analysis .
Applications
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XRF spectrometers are widely used in:

• Geochemistry: Analysis of rocks, minerals, sediments, and soils .

• Metallurgy and Industry: Sorting metals, verifying alloy composition, and quality
control .

• Environmental and Regulatory Testing: Screening for heavy metals in paints, soils,
and consumer products .

• Cultural Heritage and Archaeology: Non-destructive analysis of artworks, ceramics,
and historical artifacts .

• Pharmaceuticals and Food: Elemental verification and contamination monitoring .
Advantages
• Non-destructive: Samples remain intact.

• Minimal preparation: Works with solids, liquids, and powders.

• Rapid and versatile: Can detect multiple elements simultaneously, from light
elements like fluorine to heavy elements like uranium .

• Portable options: Handheld XRF analyzers allow on-site testing with detection limits
down to parts per million for certain elements .
Considerations
• Detection limits: Sub-ppm for many elements, but accuracy depends on sample
matrix and instrument configuration.

• Sample homogeneity: Bulk analysis is preferred; very small spot analysis is limited
compared to electron microprobe techniques .

• Instrument choice: Selection depends on sample type, target elements, and
required precision, with portable EDXRF suited for field screening and WDXRF for high-
precision laboratory work . XRF spectrometry remains a cost-effective, reliable, and
widely adopted method for elemental analysis across scientific, industrial, and
regulatory fields .
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