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Guide to XRF Technology

What is XRF?

XRF is short for X-Ray Fluorescence, which refers to the emission 
of ‘secondary’ x-ray radiation from an element which has been 
bombarded with ‘primary’ x-ray radiation, i.e. radiation from an 
external source. The emission of this secondary radiation is known 
as ‘fluorescence’, and its measurement provides the mechanism 
for XRF spectrometry.

XRF spectrometry is widely used to determine the elemental 
composition of materials, particularly in fields such as metallurgy, 
geology, environmental analysis and forensics. The advent of 
handheld XRF analysers has allowed scientists and industrialists 
to obtain fast, accurate and non-destructive readings in the 
field, without recourse to traditional and lengthy sampling and 
laboratory techniques. XRF spectrometry and associated handheld 
instruments have, therefore, become a powerful tool providing 
rapid results in the grading of metals, detection of contaminants, 
and analysis of soil and rock samples plus many other applications.

XRF in Action

To understand how XRF spectrometry works, a basic understanding 
of the structure of an atom is necessary. The nucleus of an atom is 
made up of positively charged particles called protons and neutral 
particles called neutrons. Orbiting around the positively charged 
nucleus are negatively charged electrons. Electrons occupy various 
orbits at different distances from the nucleus called ‘shells’. These 
shells are labelled sequentially: K, L, M, N, O, P, etc.

The electrons of the K shell are of the lowest energy and have 
the strongest bond with the nucleus. As one moves outwards, the 
electrons are less tightly bound to the nucleus. When an outer 
shell electron jumps to an inner shell it requires less energy to 
maintain the new orbit. The leftover energy is emitted in the form 
of a photon. The emission of these photons is responsible for the 
secondary x-rays that are detected by an XRF analyser.

In order to measure secondary x-rays the circumstances by which 
they are emitted need to be created. This is achieved by exposing 
an element to ionising radiation from a primary radiation source. 
The primary radiation excites the atoms within the element causing 
electrons to be ejected from their shells. The vacancy left by each 
electron is then filled by another electron from the adjacent outer 
shell of the same atom.

This creates a new vacancy, resulting in a cascade effect. Thus, if a 
vacancy occurs in the L shell of an atom, it is filled by an electron 
from the M shell with an accompanying emission of the L x-ray 
that is characteristic of that element; the M shell is then filled from 
the N shell with an M x-ray emission; etc.

Because the energy levels of the electron orbits in each element 
are unique, the corresponding range of x-ray emissions produced 
by that element is also unique. This means that each element can 
be identified by these emissions and, furthermore, the intensity 
of characteristic emissions given off by a sample can be used to 
determine the amount of each element that is present within that 
sample.

Primary Radiation Sources

In order to eject a strongly held inner-shell electron from an atom, 
a primary radiation source with sufficient energy is required. 
Although portable XRF instruments from some manufacturers still 
use gamma ray sources, x-ray generators are preferable because 
of their higher power. 
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Fig 1. The Bohr model of an atom illustrates the principle behind XRF 
technology.
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X-rays can be focused to create narrow beams that allow for the 
collection of detailed atomic information. X-ray generators in the 
20-60kv range are usually employed to enable the excitation of a 
broad range of elements.

Detection Methods

XRF spectrometry can be undertaken by two distinct methods, 
energy dispersive spectrometry (EDX) and wavelength dispersive 
spectrometry (WDX). Portable XRF analysers employ EDX, which 
allows for smaller units with fewer components and results in a 
more cost-effective and reliable instrument.

In EDX instruments, the secondary x-rays emitted by the sample 
are directed into a solid-state detector. Incoming photons ionize 
the atoms within the detector, producing electrical pulses which 
are proportional to the levels of energy being detected. These 
pulses are amplified and interpreted by a computer within the XRF 
analyser which calculates the elemental composition of the sample. 
The resulting information is then enhanced by referencing an on-
board database and/or user defined information that provides 
additional data about the sample, such as an alloy grade or a pass/
fail indication. Detector speed is obviously critical in producing 
accurate results, with Silicon Drift Detectors like the ones found 
in Niton instruments currently being the most advanced type on 
the market.

Processing Power

In addition to interpreting the incoming information from the 
detector, the CPU of a high quality handheld XRF analyser is 
powerful enough to adjust for a number of other variables that 
might distort the results including:

• Geometric effects caused by the sample’s shape, surface 
texture, thickness and density;

• Spectral interference, including a variety of scattering effects 
originating within the sample;

• Sample matrix effects including absorption of the 
characteristic x-rays of one element by other elements in the 
sample, and secondary and tertiary x-ray excitation of one or 
more elements by other elements in the sample.

Correcting poorly resolved spectra requires considerable 
processing power and an accurate XRF analyser must contain 
a powerful on-board processor that is capable of performing 
thousands of calculations per second. This ensures that it is able 
to cope with the volume and complexity of data that is received 
from the detector, producing rapid results in which users can have 
confidence.

Thermo Scientific Niton 
Handheld XRF Analysers

Niton handheld XRF analysers are at the forefront of the latest 
advances in XRF technology, producing laboratory quality results 
with unparalleled levels of speed and accuracy. Their simple point-
and-shoot operation allows them to be used with ease by all levels 
of personnel, whilst their rugged and durable design makes them 
suitable for a wide range of applications including harsh industrial 
environments.

Fig 2. An illustration of what occurs between the Analyser and the sample 
during a measurement using an XRF instrument.
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For more information please contact 
Niton UK on: 01256 397860
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