
What Is Optical Emission Spectrometry? A 
Complete Guide to OES Metal Analysis  
 

If you work in a foundry, steel plant, rolling mill, or metal testing laboratory, chances are you've 
come across the term Optical Emission Spectrometry (OES). It's the technology behind the 
metal analysis reports that tell you exactly what your alloy is made of — down to fractions of a 
percent. 

But what actually happens inside an OES spectrometer when you place a metal sample on it 
and press "start"? This guide breaks down how OES works, why it has become the industry 
standard for elemental analysis, and how to think about it when evaluating a spectrometer for 
your own operations. 

What Is Optical Emission Spectrometry? 

Optical Emission Spectrometry is an analytical technique used to determine the elemental 
composition of metals and alloys. It works on a simple physical principle: every chemical 
element, when excited with enough energy, emits light at wavelengths that are unique to it — 
almost like a fingerprint. 

An OES spectrometer uses this principle to identify and measure the concentration of elements 
such as carbon, manganese, chromium, nickel, silicon, copper, and dozens of others present in 
a metal sample, typically within seconds. 

This makes OES one of the fastest and most reliable methods available for elemental analysis 
in industrial settings, especially where quality control decisions need to be made in real time — 
during melting, before pouring, or before a batch is released for shipment. Elemental Analysis 
Spectrometer  

How Does an OES Spectrometer Work? 

While the science behind spectrometry can get complex, the core process inside a stationary 
OES spectrometer follows four basic steps: 

1. Spark Excitation 

A precisely machined and polished metal sample is placed on the spark stand. A controlled 
electrical spark, generated in an argon atmosphere, strikes the sample surface. Argon is used 
because it's an inert gas — it protects the spark from atmospheric contamination and helps 
stabilize the discharge. Elemental Analysis Metals  
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2. Atomization and Excitation 

The intense energy of the spark vaporizes a tiny amount of material from the sample surface, 
breaking it down into excited atoms and ions. Each element's atoms, once excited, release 
energy in the form of light at specific, element-characteristic wavelengths. Metal Spectrometer  

3. Light Separation and Detection 

This light travels through an optical system — typically a set of gratings, mirrors, and slits — that 
separates it into its individual wavelength components, much like a prism splits white light into a 
rainbow. Modern OES systems use CCD (Charge-Coupled Device) or CMOS detectors to 
capture the intensity of light at each relevant wavelength simultaneously. 

4. Signal Processing and Result Output 

The detected light intensities are converted into electrical signals and processed by the 
instrument's software, which compares them against a calibration curve built from Certified 
Reference Materials (CRMs). Within seconds, the system displays the exact percentage 
composition of each element in the sample. Commercial Testing Laboratories Spectrometer  

Why OES Is the Industry Standard for Metal Analysis 

OES didn't become the go-to method for elemental analysis spectrometer applications by 
accident. A few factors set it apart from alternative techniques like XRF (X-ray fluorescence) or 
wet chemical analysis: 

●​ Speed — Full elemental results in 10–30 seconds, ideal for melt-shop and 
production-line decisions 

●​ Precision at low concentrations — Can detect trace elements down to parts-per-million 
levels, critical for alloy grade compliance 

●​ Light element detection — Unlike XRF, OES can accurately measure carbon, sulfur, 
phosphorus, nitrogen, and boron — elements that heavily influence mechanical 
properties but are difficult for other techniques to detect 

●​ Broad metal coverage — A single system can be calibrated across multiple base metals: 
steel, cast iron, aluminium, copper, zinc, and nickel alloys 

●​ Minimal sample preparation — Once a sample is cast and its surface is machined, it's 
ready for testing, with no lengthy chemical digestion required Foundry Spectrometer  

This combination makes OES particularly valuable in environments where accuracy and 
turnaround time both matter — foundries pouring multiple heats a day, steel plants tracking 
chemistry across a converter or ladle, and NABL-accredited commercial testing laboratories 
issuing certified reports. 

What Elements Can OES Detect? 
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Depending on the base metal and the spectrometer's calibration, OES can typically analyze 
elements including: 

●​ Ferrous metals: Carbon, Silicon, Manganese, Phosphorus, Sulphur, Chromium, Nickel, 
Molybdenum, Copper, Aluminium, Nitrogen, Vanadium, Titanium, Niobium, and Boron 

●​ Aluminium alloys: Silicon, Iron, Copper, Manganese, Magnesium, Zinc, Titanium 
●​ Copper alloys: Zinc, Tin, Lead, Nickel, Iron, Manganese 
●​ Zinc and zamak: Aluminium, Copper, Magnesium, Lead, Cadmium, Tin 
●​ Nickel alloys: Chromium, Molybdenum, Iron, Cobalt, Titanium 

Detecting nitrogen, sodium, and lithium accurately requires more advanced optical design and 
detector sensitivity — something worth checking closely when comparing spectrometers, since 
not every system on the market handles these elements with the same precision. 

Where OES Spectrometers Are Used 

Optical Emission Spectrometers are deployed across a wide range of industrial and laboratory 
settings, including: 

●​ Steel foundries and integrated steel plants, for melt chemistry control 
●​ Casting units and rolling mills, for in-process and final product verification 
●​ Auto component manufacturers, for incoming raw material inspection 
●​ Aluminium and copper extrusion plants, for alloy grade confirmation 
●​ Zinc and zamak manufacturers, for die-casting alloy quality checks 
●​ Metal recycling units, for sorting and grading scrap by composition 
●​ Commercial and NABL-accredited testing laboratories, for third-party certified analysis 

Choosing an OES Spectrometer: What to Look For 

If you're evaluating a metal analysis spectrometer for your own facility, a few questions are 
worth asking upfront: 

1.​ Which base metals and elements do you need calibrated — and does the standard 
configuration cover them, or will it require add-ons? 

2.​ How many samples do you test per shift, and does the system's spark stand and optics 
support that throughput reliably? 

3.​ Can the spectrometer detect nitrogen, and other light elements accurately, given how 
much they affect mechanical properties? 

4.​ Does the system offer digital features like an automatic grade library or LIMS integration 
for traceability? 

5.​ What does calibration, CRM traceability, and after-sales support look like over the life of 
the instrument? 



These considerations matter more than any single spec sheet number, since real-world 
reliability depends on how well the spectrometer is matched to your specific metals, volumes, 
and quality requirements. 

Optical Emission Spectrometry has earned its place as the backbone of modern metal quality 
control — combining speed, precision, and broad elemental coverage in a way few other 
techniques can match. Whether you're running a high-volume steel melt shop or a specialized 
non-ferrous foundry, understanding how OES works is the first step toward getting more value 
out of your quality control process. 

At VAS Spectrometers, we've spent over 25 years refining OES technology — including 
advanced CCD/CMOS detection systems engineered for superior nitrogen, sodium, and lithium 
detection — to help foundries, steel plants, and testing laboratories across the world achieve 
accurate, repeatable results. 

Explore our range of Stationary OES Spectrometers — from the compact éMission 2 for growing 
operations to the flagship Gold Plus XL for high-precision metallurgical labs — and find the right 
fit for your metal analysis needs. 

Explore OES for Metal Analysis → 

 

https://www.vasspectrometers.com/en/product/oes-for-metal-analysis
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