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Wear and Contamination 

Particles - Introduction
Wear particles are generated during both normal 

and abnormal wear of machine components. Their 

quantity, size and morphology are indicative of 

the wear regimen in operation.

Contamination particles may enter the system 

through many pathways and may include 

environmental dust and dirt, fibres, process 

specific dust, oxides/rust, etc. 

The particles may be suspended in oil, settled at 

the bottom of the oil sump or tank or captured by 

strainers, filters or magnetic plugs.
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Analysis of Particles in Oil

There are many methods for analysis of wear debris. 

Some can be performed on the fluid sample. These 

include particle counting and shape analysis through 

laser scanning (e.g., Lasernet Fines) and bulk elemental 

analysis (e.g., ICP/RDE spectroscopy – particle size 

limitations).
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Wear and Contamination 

Particle Analysis
Other methods involve separation of particles from the fluid by 

means of filtration or magnetic deposition, with subsequent 

analysis by operator or computerised systems. 

Elemental analysis can be carried out on specific particles, 

typically using Scanning Electron Microscopy (SEM). 

Laser Induced Breakdown Spectroscopy (LIBS) is a new 

technology, which is now becoming available for this application.

FTIR microscopy may be used to identify organic contaminants.
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Wear Particle Deposition - Filtration

Filtration, often referred to as Patch 

Testing, involves passing a known quantity 

of the fluid through a membrane filter patch 

of a specified pore size.
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Membrane Pore Size

Pore size selection can be used to specifically target the larger particles allowing 

most of the finer debris to go through. 

Also used for fibre counting.
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Fine Particle Deposition - Varnish

Fine pore size patches (e.g. 0.45 µm) are used 

to capture sub-micron insolubles/silt. This is 

indicative of the oil’s varnish potential and can 

be quantified by Membrane Patch Colorimetry.
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Wear Particle Analysis – Microscopy

Modern microscope systems offer many software tools for particle analysis. They 

cover particle counting and sizing as well as particle morphology. Vertical stitching 

improves image quality, while advanced lighting options offer new perspectives.
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Wear Particle Deposition – Ferrography

An alternative technique is employed for 

Analytical Ferrography, where magnets are 

used to capture ferrous debris on a glass 

slide and to arrange it based on size for 

ease of examination.
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Rotary Particle Depositor (RPD)



Wear Particle Deposition – Ferrography

Concentric magnets align wear particles in three rings. The largest particles settle 

along the central ring and the fine particles and oxides settle out on the periphery, 

together with a small proportion of any other nonmagnetic particles (e.g. Copper 

containing wear particles).
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Wear Particle Analysis – Ferrography

Ordered particle arrangement aids particle 

characterisation and analysis.

Relative quantity and size are recorded for each 

wear particle type.

Elemental analysis of bulk fluid is also included.

Report is concluded with considered judgement on 

the wear rate and situation.
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Elemental Analysis of Specific Particles 

– Scanning Electron Microscopy
+ Focused images at very high magnifications

+ Elemental analysis of individual particles or areas

+ Particle sizing and characterisation

+ Elemental analysis of particle populations

+ Elemental mapping

- Samples require preparation

- Time consuming
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Elemental Analysis of Specific Particles –

Laser Induced Breakdown Spectroscopy

Oil Analysis Servicesw w w . o a s - o n l i n e . c o . u k

• A laser pulse strikes the material surface;

• A plasma is induced and then breaks down, 

emitting light; and

• Characteristic atomic line spectral emissions allow 

the elements to be identified.

(source Leica)



Laser Induced Breakdown Spectroscopy –

Advantages and Disadvantages
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+ Upgrade module to a conventional microscope

+ Colour images of the field of view

+ Elemental analysis of individual particles or areas

+ Particle sizing and characterisation

+ In situ analysis during microscopy

+ No sample prep required and no consumables

+ Fast analysis speed for individual measurements

- Currently poor specificity of elemental analysis

- Requires libraries of candidate compounds

- Surrounding area included in analysis of smaller 

particles

- Particles thrown off or destroyed during analysis

- No mapping
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Thank You
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Dr. Dzmitry Korachkin, 

Swansea Tribology Services Ltd.

oiltest@trib.co.uk

www.oas-online.co.uk

With thanks to Leica for instrument demonstration and use of images
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