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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for which a technical committee has been 
established has the right to be represented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. 

ISO 16232-7 was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommittee SC 5, Engine 
tests. 

ISO 16232 consists of the following parts, under the general title Road vehicles — Cleanliness of components 
of fluid circuits: 

— Part 1: Vocabulary 

— Part 2: Method of extraction of contaminants by agitation 

— Part 3: Method of extraction of contaminants by pressure rinsing 

— Part 4: Method of extraction of contaminants by ultrasonic techniques 

— Part 5: Method of extraction of contaminants on functional test bench 

— Part 6: Particle mass determination by gravimetric analysis 

— Part 7: Particle sizing and counting by microscopic analysis 

— Part 8: Particle nature determination by microscopic analysis 

— Part 9: Particle sizing and counting by automatic light extinction particle counter 

— Part 10: Expression of results 
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Introduction 

The presence of particulate contamination in a fluid system is acknowledged to be a major factor governing 
the life and reliability of that system. The presence of particles residual from the manufacturing and assembly 
processes will cause a substantial increase of the wear rates of the system during the initial run-up and early 
life, and may even cause catastrophic failures. 

In order to achieve reliable performance of components and systems, control over the amount of particles 
introduced during the build phase is necessary, and measurement of particulate contamination is the basis of 
control. 

The ISO 16232 series has been drafted to fulfil the requirements of the automotive industry, since the function 
and performance of modern automotive fluid components and systems are sensitive to the presence of a 
single or a few critically sized particles. Consequently, ISO 16232 requires the analysis of the total volume of 
extraction liquid and of all contaminants collected using an approved extraction method. 

The ISO 16232 series has been based on existing ISO International Standards such as those developed by 
ISO/TC 131/SC 6. These International Standards have been extended, modified and new ones have been 
developed to produce a comprehensive suite of International Standards to measure and report the cleanliness 
levels of parts and components fitted to automotive fluid circuits. 

This part of ISO 16232 defines methods of microscopic examination to determine the particle size distribution 
of contaminants which have been removed from the component under analysis and collected using an 
approved extraction method. 
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1

Road vehicles — Cleanliness of components of fluid circuits — 

Part 7: 
Particle sizing and counting by microscopic analysis 

1 Scope 

This part of ISO 16232 defines methods for determining the size and number of contaminant particles, which 
have been extracted from components and deposited on the surface of a membrane filter, as determined by 
using either a light optical microscope (LM) or a scanning electron microscope (SEM). The result of this 
measurement is the particle size distribution on the membrane filter. 

As the function of parts and components can be impaired by the presence of a single or a few critical particles, 
a complete analysis of the total membrane filter surface is essential. 

These analyses can be performed either manually or automatically using Image Analysis (IA) techniques if the 
appropriate equipment is available. 

NOTE 1 Manual full-surface counting is a difficult and tiring task associated with errors. For this reason, an automatic 
counting system is recommended if the membrane filter is prepared in a suitable way as described herein. 

NOTE 2 The results of counting and sizing depend on many parameters, such as type and model of microscope, 
magnification, illumination, and other settings used. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO 16232-1, Road vehicles — Cleanliness of components of fluid circuits — Part 1: Vocabulary 

ISO 16232-2, Road vehicles — Cleanliness of components of fluid circuits — Part 2: Method of extraction of 
contaminants by agitation 

ISO 16232-3, Road vehicles — Cleanliness of components of fluid circuits — Part 3: Method of extraction of 
contaminants by pressure rinsing 

ISO 16232-4, Road vehicles — Cleanliness of components of fluid circuits — Part 4: Method of extraction of 
contaminants by ultrasonic techniques 

ISO 16232-5, Road vehicles — Cleanliness of components of fluid circuits — Part 5: Method of extraction of 
contaminants on functional test bench 

ISO 16232-10, Road vehicles — Cleanliness of components of fluid circuits — Part 10: Expression of results 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in ISO 16232-1 apply. 
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4 Principles 

The entire volume of extraction liquid used to extract particles from the test component, as described in 
ISO 16232-2, ISO 16232-3, ISO 16232-4 and ISO 16232-5, is filtered on a membrane filter and the separated 
particles are counted and sized using microscopic techniques. The longest dimension of a particle is used to 
determine particle size. 

 

Figure 1 — Examples of longest dimension of a particle, X 

To determine the particle size, a light microscope uses the optical contrast between the particle and the 
surface of the membrane filter. The contrast is mainly achieved by adjusting the intensity of illumination. The 
basis for counting particles using SEM is the material contrast which occurs as a result of the differing 
intensity of back-scattered electrons. 

NOTE Because the mechanisms of detection are based on different types of contrast, the counting results obtained 
from optical and scanning electron microscopy cannot be compared with one another. 

The filter and the analysis system are selected depending upon the amount of contamination expected and 
the relevant particle size range noted in the cleanliness specification. 

5 Equipment 

5.1 Equipment for the preparation of membrane filters 

5.1.1 If necessary, a controllable non-ventilating oven capable of maintaining a temperature of 80 ± 5 °C. 

5.1.2 The membrane filter shall be compatible with the extraction liquid and any rinsing liquid or chemicals 
used in the processes. The pore size of the membrane filter shall be suitable for the minimum size of particles 
to be collected. The diameter of the membrane filter shall be large enough to avoid the contact or overlapping 
of particles which causes errors through coincidence. 

When using light microscopes, there should be a good optical contrast between the particles and the surface 
of the membrane filter. 

For scanning electron microscopy, a smooth-surfaced filter should be chosen (e.g. polycarbonate, cellulose 
nitrate, cellulose acetate, polyamide). 

NOTE 1 Gridded membrane filters for assisting in orientation when counting particles manually with an optical 
microscope cannot be utilized for automated counting using image analysis. 

NOTE 2 To ease examination, it is recommended that the pore size of the membrane filter be less than 1/3 of the 
smallest particles to be analysed. 
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