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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
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
hsk of technical committees is to prepare International Standards. Draft Interdational Stand
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consists of the following parts, under the general title Road vehicles — Cleanliness of compon
its:

Vocabulary

Method of extraction of contaminants by ‘agitation

Method of extraction of contaminants.by pressure rinsing

Method of extraction of contaminants by ultrasonic techniques
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The presence of particulate contamination in a liquid 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 in the wear rates of the system during the initial run-up and early

life,
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and may even cause catastrophic failures.

rder to achieve reliable performance of components and systems, control over the amount
duced during the build phase is necessary, and measurement of particulate contaminants is
rol.

ISO 16232 series has been drafted to fulfil the requirements of the automotive industry, since
performance of modern automotive fluid components and systems are sensitive to the pre
le or a few critically sized particles. Consequently, ISO 16232 requires the analysis of the totd
action liquid and of all contaminants collected using an approved extraction)method.

TC 131/SC 6. These International Standards have been extended, modified and new ones
bloped to produce a comprehensive suite of International Standards to measure and report the
Is of parts and components fitted to automotive fluid circuits.

th have been removed from the component under(@analysis and collected using an approve
hod. It can be used at the same time to determine the particle size distribution as d
16232-7.

of particles
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the function
sence of a
| volume of

ISO 16232 series has been based on existing ISO International Standards such as those d¢veloped by

have been
cleanliness

part of ISO 16232 defines a method of microscopic examination to determine the nature of copntaminants

i extraction
escribed in
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Scope

part of ISO 16232 describes a method for determining the nature of contaminant particles b
" elemental chemical composition using energy dispersive X-ray spectroscopy (EDX) in combir]
ning electron microscope (SEM). The contaminant particles are extragted from automoti
ponents and deposited on the surface of a membrane filter. In addition-to the number and siz¢
information can be used to classify the particles into likely material groups 1).

method cannot determine the nature of organic material 2

analyses can either be carried out manually or fully"automatically, provided the appropriate €|
lable.

Normative references

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

15632:2002, Microbeam‘ahalysis — Instrumental specification for energy dispersive X-ray sp
semiconductor detectors

16232-1, Road~vehicles — Cleanliness of components of fluid circuits — Vocabulary

aminants\by agitation

y identifying
ation with a
ve parts or
of particles

escribed in ISO 16232-7, this measurement gives the elemental composition of the particles afpalysed.

quipment is

For dated
referenced

ectrometers

16232-2, Road vehicles — Cleanliness of components of fluid circuits — Method of extraction of

aminants by pressure rinsing

16232-3, Road vehicles — Cleanliness of components of fluid circuits — Method of ertraction of

ISO

16232-4, Road vehicles — Cleanliness of components of fluid circuits — Method of e

contaminants by ultrasonic techniques

ISO

16232-5, Road vehicles — Cleanliness of components of fluid circuits — Method of e

contaminants on functional test bench

1)

2)

xtraction of

xtraction of

The additional material information can be used to give a more detailed characterization of particles or to find their
source in production process. The range of elements detected by the SEM/EDX system depends upon the design and
configuration of the separate items.

Infrared or other techniques can be used to detect organic particles.

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=1caf58be458c4aa1b9efbe8e1d586d8d

ISO 16232-8:2007(E)

ISO 16232-7:2007, Road vehicles — Cleanliness of components of fluid circuits — Particle sizing and
counting by microscopic analysis

ISO 16232-10:2007, Road vehicles — Cleanliness of components of fluid circuits — Expression of results

3 Terms and definitions

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

4 Princjples

The entire [volume of extraction liquid used to extract particles from the test component (as~described in
ISO 162322, ISO 16232-3, ISO 16232-4 and ISO 16232-5), is filtered and the separated.particles|are
counted anf sized using a SEM according to 16232-7. In the process, the sample to be imaged is scarjned
point-for-pojnt in a vacuum using a finely-focused high-accelerated electron beam. This treatment with High-
energy elegtrons leads the sample to give off X-rays that are characteristic of the chemical elements in| the
particle beihg examined. By recording this spectrum using an EDX detector, it is. possible to determing| the
elements in[the residual contamination particles. The analysis of the intensity of the’spectral lines also enables
a quantification of the elements concerned. The result is the chemical composition of the particles investigated.

Particles arg located on the surface of the membrane filter using the Back Scattering Electron (BSE) detgctor

of the SEM|[and an element analysis is then carried out only at these points.

5 Equipment

5.1 General

All the equipment that is used for preparing the membrane filter or the components and software features |of a
SEM suitable for particle analysis is described indSO 16232-7.

2 © 1SO 2007 — All rights reserved
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5.2 Analysis equipment

5.2.1 Principle

ISO 16232

-8:2007(E)
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Figure 1 — Diagrammatic representation of theemembrane filter analysis using a SEM equipped with
an EDX system.used for element analysis

As s$hown in Figure 1, the principle set-up.of this analysis and the device technology used are almpst identical
to those implemented for particle sizing’and counting using an SEM (see 5.2 of ISO 16232-7:2007). For the
element analysis, an additional detector (X-ray or EDX detector) (7) and the corresponding element analysis
softvare (8) are required. For electron-optical systems, further requirements exist.
5.2. Electron optics
The| stability of the eleCtron beam current is crucial to the quality of the analysis. As a reference, a|deviation of
apploximately 1%)per hour in the strength of the beam is acceptable. This is measured either by a Faraday
cup|which is intreduced into the electron beam or from the counting rate of the EDX detector on|an element
starjdard.
The| cathode which generates the electrons shall be warmed until its emissions are stable.
NOTE Fhe—cathode typco of tullyotcll, LGBB atrcHrot-fretdemitters—are—att-stitabtefor-thesemeasurements. HOWeVeI',

devices with cold field emitters often show excessive levels of beam strength instability.

When an X-ray detector is integrated into a scanning electron microscope, it is mounted onto the vacuum
chamber so that the “direction of view” of the detector cuts across the electron beam at the working distance
of the microscope. In order to be able to carry out reproducible measurements, all analyses must be
performed using this working distance. The working distance between the work piece and the deflector lens
varies from unit to unit and will be specified by the manufacturer of the system.

5.2.3 X-ray detector

The higher the energy dispersion of the detector, the better the resolution. This means that elements having
X-ray lines close together in the spectrum will be better separated and a more accurate result will be obtained.

© 1SO 2007 — All rights reserved
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5.2.4 Element analysis

To obtain a correct result of the composition of elements, the EDX system shall be able to analyze the entire
area of the detected particle. This means that the electron beam is guided to a number of measuring points
over the particle during the EDX analysis. This reduces the risk which exists, when performing a measurement
using only one point, that a non-homogeneity in the particle or a foreign substance adhering to it (e.g.
production process materials such as oil or grease) be classified as being part of the particle itself, see

Figure 2.

X

To make th
particles int
zinc is class

Particles wi

S

Fixed position, X, of electron
beam: Not suitable for correct
particle analysis

Suitable analysis by measuring
a number of points on a particle,
e.g. in a scanned pattern

Figure 2 — Example of suitable or non suitable particleZanalysis

e characterization of the particles easier, the EDX system should possess the ability to group
b classes based on the percentage of elements in their composition (e.g. copper in connection
ified as brass), see Classification Table in Annex A.

hich do not fit to any material class with regard\to’ chemical composition shall be counted

separate class (e.g. unclassified particles).

On comple
analyze the

5.2.5 Med

ion of a fully-automated analysis, automatic systems shall be able to find individual partid
M manually and, where necessary, classify them afterwards.

surement limits

The deternjination of a material is performed exclusively according to the composition in percent of
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from the ch

Due to thei
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aking up the particle. In arder to obtain further information regarding their exact chemical bon
emical shift, the energy dispersion from EDX detectors is inadequate.

" lack of material.Contrast on a filter membrane, it is very difficult to classify organic compou
organic compounds can be detected, but, because of their high carbon signals, cannof
5 being made of a specific material. Exceptions to this include, for example, synthetic mate
blementstadditional to carbon, oxygen and nitrogen, such as halogenated plastics (PVC, P
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5.3 Envi

tal liti

The cleanliness of the environment where the analysis is performed has to be adapted to the presumed

cleanliness

of the component to be tested. This is validated when performing the blank test.

The site for the microscope should be selected to avoid environmental factors such as vibration of the building,
or external light from influencing the imaging quality and accuracy of the particle measurement. If these
factors cannot be controlled, appropriate measures shall be taken (vibration absorbers, encapsulation, etc.).

5.4 Health and Safety

5.4.1

Local Health and Safety procedures shall be followed at all times, any equipment shall be operated in

accordance with the manufactures instructions and personal protection equipment used where appropriate.
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5.4.2 Chemicals used in the procedures can be harmful, toxic or flammable. Good laboratory practices shall
be observed in the preparation and use of these chemicals. Care shall be taken to ensure compatibility of the
chemicals with the materials used (refer to each Material Safety Data Sheet [MSDS]). Follow the precautions
for safe handling and usage as described in the MSDS available from the supplier.

5.4.3 Volatile liquids: care shall be taken with flammable liquids to ensure that they are used in accordance
with the MSDS, at temperatures below the stated flash point and away from potential sources of ignition.
Appropriate precautions should be taken to avoid inhalation of fumes from these solvents. Always use suitable
protective equipment.

5.4.4 Electrical: appropriate care should be applied in the use of electrical power.

5.4.p Static: the build-up of electro-static charges (created by friction as fluid flow) shall be disgsipated and
not [be allowed to build-up where it can discharge and create a spark. An earthing strapyshall be provided
whdre there is a risk, especially for the vacuum equipment where often volatile liquids are)involved

5.4.6 Disposal: all liquids and substances shall be disposed of in accordance, with local environmental
pro¢edures. In the event of spillage it shall be cleaned-up in the manner detailed inthe MSDS.

6 |Calibration

Thel EDX detector shall be calibrated and dispersion determined on completing its installafion and in
confunction with the SEM. The calibration shall be carried<out’ in accordance with the mahufacturer’s
instfuctions. Pure element standards function as calibration substrates and this is dg¢scribed in
ISO|15632:2002.

The| calibration of magnification of the SEM in order to perform correct particle sizing is described in
ISO[16232-7.

The| calibration period depends upon the usageyof the instrument, and the instrument manufacturef will advise
on this. However, for single shift application, a“calibration period of one year is considered appropfiate. It shall

be fe-calibrated if the EDX system has.been repaired, serviced, or adjusted. A validation procedyre shall be
developed and used periodically (e.g. tmonthly) to ensure the continued efficacy of the instrument.

7 |Procedure

71| General
The| procedure for.preparation of both the SEM/EDX and the membrane filter is identical to thg¢ procedure

required for particle counting using an SEM as described in ISO 16232-7 but with an additional EPX analysis
desgribed here.

7.2| [Element analysis procedure

7.2.1 Analysis parameters
The parameters are set for the SEM and its components as described in ISO 16232-7:2007, 7.3, with the

difference that individual parameters are selected in such a way to enable an exact and reproducible element
analysis to be performed. Additional or deviating points are described below.

7.2.2 Z-position

The z-position of the sample stage (distance between the work piece and the deflector lens) shall be set so
that the membrane filter is at the correct working distance.
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