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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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Part 9:

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
the technical committees are circulated to the member bodies for voting- [Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

O was prepared by Technical Committee ISO/TC 22, Road véhicles, Subcommittee SC 5, En
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

Method of extraction of contaminants on functional test bench

Particle mass determiihation by gravimetric analysis

Particle sizinghand counting by microscopic analysis

Particle-hafure determination by microscopic analysis

Particle sizing and counting by automatic light extinction particle counter
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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.
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extr

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

part of ISO 16232 defines a method of automatic counting to determine the particle size di
aminants which have been removed from the comiponent under test and collected using a
action method.

of particles
the basis of

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

stribution of
n approved
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Scope

part of ISO 16232 defines methods for determining the size distribution*of particulate c
pcted from automotive components using techniques described in- NSO 16232-3, 1SO 1
16232-5, using automatic light extinction particle counter instruments (APC).

ly applies to the analysis of the whole volume of extraction liquid,

size range of particles that can be measured by this technique is limited to < 70 um(c), beg

hod of calibration used (ISO 11171). However, the calibration can be extended to other sizes p
agreed and included in the Inspection Document.

technique is only applicable to measuring particles contained in clear, single phase liquids.

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.

11171, Hydraulic fluid power — Calibration of automatic particle counters for liquids

11943, Hydraulic fluid power — On-line automatic particle-counting systems for liquids —
pration and validation

16232-2, Rodd vehicles — Cleanliness of components of fluid circuits — Part 2: Method of ¢
aminants by agitation

16232=3, Road vehicles — Cleanliness of components of fluid circuits — Part 3: Method of ¢

ntaminants
232-4 and

ause of the
rovided that

For dated
referenced

Methods of

bxtraction of

bxtraction of

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

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

For the pur

4 Princ

s and definitions

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

iple

Extraction samples are passed through the sensing volume of an APC where particles are sized and counted
based on the calibration of the instrument with particles of defined properties. The primary result obtained is
the quantitative particle size distribution of the contaminants contained in the analysed sample, either
differential ardforcumttative:

The analysis procedure consists of the following basic steps:

a) cleaning the analysis equipment;

b) conditipning the extraction liquid;

c) analysis of the extraction liquid and analysis of a subsequent rinsing liquid;

d) exprespion of results.

NOTE 1 Further information on APCs is given in Annex A.

NOTE 2  An example of the procedure is given in Annex B.

Immediately after the extraction sample has been analysed, a subsequent sample of clean rinsing liquid ghall
be analyseq likewise in order to characterise all detectable particles remaining in the analysis set up. [The
particle counts from the subsequent sample shall be added to the.counts obtained from the extraction sample.
NOTE 3 For correct operation of the APC, there is only one particle in the sensor at any one time, otherwise efrors
from particle[coincidence will be experienced.

The particlgs are sized in terms of the amount of light'reduced by the passage of the particle through the |ight
beam, and the relationship between extinction signal-and size is obtained by calibration. It is referenced tq the

equivalent §

pherical diameter of calibration matetial. The measurement principle is seen in Figure 1.

Particletd be sized Particle size reported by

APC
/ﬁ_;mj_ecti:n/zD Projection area
=176,7 pm? =176,7 pm?
X = Lyy = 20pm X=D=15um

Figure 1 — Particle sizing by APC based on diameter of equivalent projection area

During analysis, all care shall be taken not to degrade or additionally contaminate the extraction sample and
not to loose any particle e.g. due to sedimentation or adhesion. As the function of parts and components can
be impaired due to single or a few critical particles, a complete analysis of the total volume of the extraction
sample is essential.
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Equipment

General

All equipment for the analysis shall be sufficiently clean so as not to affect the results of the analysis. This is
validated by the blank analysis (see 7.3).

5.2

Liquids

Liquids are used to both clean and rinse the equipment before and after analysis, and for diluting the

extr]
and

The]
Onl
use

sen

NOT
caus

5.2

A s
mer

action liquid prior to analysis. All liquids used shall be totally miscible with one another if used
shall be compatible with the equipment used.

liquids shall be cleaned by filtering prior to use to give an appropriate cleanliness level,
clear single phase liquids without interface and with low viscosity (aqueous liquids or solve
. The refractive index of the liquids shall be similar to the one of the liquidyused for calibr

50T,

E Use of liquids with a refractive index different from the refractive index-of the liquid used for ca
e counting and sizing errors.

. Diluent and rinsing liquid

uitable liquid for diluting the sample and for rinsingithe analysis set-up shall be filtered

from that of the extraction liquid by more than 10 %.

The
pert

5.2.

cleanliness level of the liquid shall be checked and validated before use. This is valig
orming the blank test of the set-up (e.g. according to ISO 16232-2).

P Clean-up filter

Clean-up filters for liquids are chosen. to achieve the required cleanliness level and have a retent

Suc

5.2.

h that it does not require replacement too often in order not to introduce particles.

B Liquid dispensers

Ligyid dispensers, fitted, with a suitable membrane filter directly at the outlet or filled with pre-filtere

5.2.

Filtr

5.3

B Filtration-apparatus

htion apparatus, suitable for filtering the various liquids used in the procedure.

sequentially

hts) may be
ation of the

libration may

through a

hbrane filter or a suitable cartridge filter (e.g. 0,45 uym). The refractive index of the liquid shall not differ

jated when

on capacity

i liquid.

|_Sample containers

The containers are normally cylindrical glass or polypropylene bottles, fitted with either a suitable nonshedding
threaded cap forming a seal with the bottle without the use of an insert, or a cap with a suitable internal seal.
The bottle should be flat-bottomed and wide-necked to facilitate cleaning.

Sample containers (bottles) shall be cleaned so as to fulfil the blank requirement.

These containers can be used for transportation and storage of the extraction liquid (if required) and in the
dilution of extraction samples.

© 1SO 2007 — All rights reserved
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5.4 Additional equipment

5.4.1 Analysis reservoir

Conical shaped container, equipped with a non-shedding stirrer, to hold the liquid sample and serve as

the

supply reservoir for the APC and sampling apparatus. It also serves to ensure that contaminants are put in

homogeneous suspension and air bubbles are removed prior to analysis.
NOTE The outlet for the APC should preferably be located at the lowest point of the bottom of the reservoir.

The stirrer chasen shall not mnr’lify the size distribution of the extracted Ir\nrﬁr‘lpc

5.4.2 Sampling device

Pump or similar device and related pipework used for directing the liquid through the sensor-of the A
Examples df configurations are given in Annex C.

NOTE For any combination of APC and sampling apparatus used, it is safeguarded that even a single large {
particle contgined in the analysis reservoir can be fed to the sensor of the APC.

5.4.3 Stirrer
Non-magnsdtic device with adjustable speed, integrated into the analysis réservoir.

A magnetic]| stirrer in the analysis set-up shall not be used for samples containing ferrous or other magr
particles. If uch a stirrer is fitted as standard equipment, remove or hegate the drive magnet.

5.4.4 Flowmeter

Calibrated device mounted downstream from the sensor to measure the extraction sample flow rate

PC.

ized

etic

Its

accuracy shall match the flow regulation required by the sensor, and shall be stated by the APC manufactirer.

A flowmetef shall be required if a controlled syringeis not used (see Annex C).

5.4.5 Devijce for degassing (optional)

Device for degassing the liquid samples,€.g. vacuum reservoir or ultrasonic bath.

5.5 Analysis equipment

5.5.1 Autpmatic light extinction particle counter (APC)

A device bjased onithe light extinction principle consisting of a sensor to detect the particles within
specified sigze range.and an instrument to size and count the electrical signals generated by the sensor as
particles pags through.

the
the

The APC shall be capable of providing non-coded data representing the raw counts of particles of the sizes

specified in the inspection document that are detected during analysis.

As the function of parts and components can be impaired due to single or a few critical particles, the sensing

volume of the APC shall be able to analyse 100 % of the stream of liquid flowing through the sensor.

The instrument shall be used in accordance with the instrument manufacturer's recommendations.

All

measurements shall be made at particle concentrations which are below 80 % of the instrument
manufacturer’s stated coincidence limit and at a size which is at least 1,5 times above the “noise” level of the

instrument.

4 © 1SO 2007 — All rights reserved
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NOTE 1 Coincidence causes an overcount of larger particles and an undercount of smaller particles. The coincidence
limit of the counter is the maximum acceptable concentration of all the particles detected by the instrument. This
concentration is normally given by the instrument manufacturer with a note indicating the probability of coincidence.
Coincidence is reduced by dilution.

NOTE 2  The “noise” level of the instrument is the minimum voltage setting of the detection circuit below which spurious
electrical signals become significant and are counted as particles.

The sensing volume should be inspected for the presence of particles on a regular basis, either in the sensing
volume itself or in the entry to it.

5.5.¢— Data acquisition unit

DeMice for recording of the data provided by the APC.

5.5.8 Measuring range
Thel measuring range depends on the calibration and type of APC. The dynamic&ize range of the¢ APC used
shopld meet size ranges of the cleanliness specification or the presumed-cleanliness size rapges of the
conjponent under test.

The| setting of size intervals of the sensor shall be selected so as to cover the particle size classes|specified in
the |nspection document following the size classes according to ISO6232-10.

NOTE For example see E.2.
5.6/ Environment conditions and precautions

5.6.1 Work environment

The| cleanliness of the environment where theJanalysis is performed shall be consistent with th¢ presumed
clegnliness of the component under test. This is validated when performing the blank test.

5.6.2 Electrical interference

As the APC is typically a highésensitivity device, it may be affected by radio frequency interference (RFI) or
eledtromagnetic interference\(EMI). Precautions shall be taken to ensure that the test area does|not exceed
the RFI and EMI capabilities)of the instrument.

In addition, the voltagé’supply to the instrument shall be stable and free of excessive noise which affects the
operation of APCAsee 5.5.1 and 5.6.4). A constant voltage transformer is considered appropriate.

Ch used in the procedures can be harmful, toxic or flammable. Good laboratory practice should be
i i e e ' ibili ith the materials

Nne preparaion anad dlc ars De 1aKen 10 el nemicd OMpPalio AT

Temperature of test samples shall not exceed temperature limitations of the test equipment.

5.6.4 Influencing parameters

APC operation can be affected by bubbles and non-homogeneous liquids as well as by the environmental
conditions indicated in 5.6.1 to 5.6.3.

© 1SO 2007 — All rights reserved 5
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5.7 Health and Safety

5.71

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

accordance with the manufacturers instruction and personal protection equipment used where appropriate.

5.7.2

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.

5.7.3 Volatile liquids: care shall be taken with flammable liquids to ensure that they are used in accordance

with the M$DS, at temperatures below the stated flash point and away from potential sources of igni
Appropriatd precautions should be taken to avoid inhalation of fumes from these solvents. Always use'sulit

protective

5.7.4 Eleftrical: appropriate care should be applied in the use of electrical power.

5.7.5 Sta
not be allo
where thers
NOTE |

5.7.6 Dis
procedures

6 Calib

6.1

An interim ¢
be evaluate

NOTE |
example pro

6.2 Calik

The calibra
appropriate

Calibration
instrument
made to the

Verification

uipment.

ic: the build-up of electro-static charges (created by friction as fluids flow) shall’be dissipated
ved to build-up where it can discharge and create a spark. An earthing-strap shall be prov
is a risk, especially for the vacuum apparatus where often volatile liquids are involved.

h the ISO 16232 series, the words “earthing” and “grounding” are synonymous.

bosal: all liquids and substances shall be disposed of inaccordance with local environmg
In the event of spillage it shall be cleaned-up in the manner detailed in the MSDS.

ration and verification

heck on the calibration status of APC_sheuld be made regularly. The performance of the APC
d by applying samples containing particles of known quantitative size distribution as a referenc

Cedure is given in D.3.

ration

ion of the APC-shall be carried out in accordance with ISO 11171 and 1SO 11943 or with @
calibration metheds agreed between parties (e.g. using latex spheres).

of the ARC shall be carried out at least every six months, or until enough history with
has been obtained to warrant longer intervals. It shall also be recalibrated when any chang
insttument (APC), or its operation becomes suspect.

may be required to verify that thetAPC will count zero particles as sizes where such a requirement existsg.

ion.
able

and
ded

ntal

can

An

ther

the
e is

Flow-meters shall be calibrated for each liquid used for analysis. Calibration of the flow meter shall be carried
out in accordance with the manufacturer's recommendation.

7 Procedure

71 Sum
A summary
6

mary of the procedure

of a procedure is given in Annex B.
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c)
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Validation
following items shall be checked and established:
rinsing procedure for the set-up;

attainable blank level for the analysis set-up;

time required to ensure that contaminants are put in homogeneous suspension and air bubbles are

removed prior to analysis (stabilization period).

An
be 4

The
sign
und

As
estd
this
the

For

filled up to its maximum level.

NOT
sam

7.3

The]
Thig
ratel

If tH
ana

Afte
min
the

7.4

Ver
cled

lysed, the analysis set-up-wilkneed special cleaning (for guidance see Annex D).

bppropriate rinsing procedure for achieving an optimum and stable blank level of the analysis
stablished.

required cleanliness level of the equipment should be such that contaminants aré-unable t

ificantly to the overall result and shall be adapted to the presumed cleanliness‘level of the
er test. This is validated when performing the blank test of the contaminant extraction method.

blished. The same amount and type of liquid should be used each time the blank test is carr
purpose, a permanent mark indicating the required blank volume of diquid shall be affixed to th
bnalysis reservoir.

the determination of the required stabilisation period for a spgcific liquid, the analysis reservo

E
ple containing particles of known size distribution as a reference.

Conditioning of the analysis set-up
reservoir, sensor and associated pipework shall be cleaned prior to use by rinsing with filtere
can be achieved by filling the reservair to its highest level with filtered liquid and rinsing throu
higher than the analysis flow rate.
e system has previously been* used to analyse a liquid which is not miscible with the test
r rinsing the set-up, partially drain the reservoir to a minimum volume (for example, 10 mL to !

mum volume shouldbe chosen such that no air is introduced into the sampling line of the sq
brocess of emptying the reservoir.

Blank<{check of the analysis set-up

fy theYactual blank level of the analysis set-up by analysing a defined volume of filtered test
nliness level is acceptable when the result of the blank check is in compliance with the

set-up shall

b contribute
component

Litable and stable cleanliness level of the set-up which matches the blank test requirements shall be

ied out. For
e outside of

r should be

The performance of the analysis set-up and also th&entire analysis procedure can be evaluated by applying

| test liquid.
gh at a flow

liquid to be

50 mL). The
nsor during

liquid. The
base-level

esta

Ens

The

blished during the validation of the set-up.
ure that the sensor of the APC has been switched on for long enough to become stabilised.

selection of the size intervals of the APC shall be in accordance with 5.5.3.

At the beginning of the following procedure, make certain that the reservoir contains the minimum volume of
filtered test rinsing liquid to ensure that no gas or air is introduced into the supply line of the APC.

a)

Gently fill the reservoir with compatible test liquid up to the blank volume mark.

© 1SO 2007 — All rights reserved
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b) For stabilisation, gently stir the contents of the reservoir for a minimum period of time as determined by
the validation procedure of the set-up.

NOTE 1 A stirrer speed that is too high can introduce bubbles to the liquid which will cause erratic counting and hence

errors.

c) Afterwards, set the APC to acquire data and to count particles and enable the test liquid contained in the
reservoir to be fed through the sensor. The test liquid will now be analysed. If the counting mode of the
APC is set to “time”, set the delay time of the APC to zero in order not to miss any particle passing
through the sensor.

NOTE 2 epending on the set-up configuration it may be necessary to adjust the working flow rate during analysi

d) When the test liquid volume within the reservoir falls to the minimum established in 7.2, stop-the' data
acquisition of the APC and stop the flow through the sensor.

e) Repealstages a) to d) and accumulate the data to determine the system blank level.

Check whether the blank level is in compliance with the required blank level for the system (see 7.2). If the

blank valuelis not satisfactory:

check

repeat

7.5 Preparation of the extraction sample

bet-up and conditions;

previous steps.

7.5.1 Pretassessment — suitability and dilution

Remove anly visible contamination from the exterior of the sampling container(s) using a wetted lint-free clgth.
Liquid samples which are found on visual examination to contain contamination which is likely to affecf the
performance of the APC shall not be counted by this method.

If the pres¢nce of immiscible liquids is seen in the sample, do not analyse the sample by this method,
because the immiscible liquid will interfere ‘with operation of the instrument. The sample shall be analysed

using the optical microscope in accordanee with ISO 16232-7.

The sampl

density of the particle population, Guidance for dilution is given in Annex D.

a) Check

Calculd
test an
limit of

If the d

should be analysed intan undiluted form. However, dilution may be necessary to reduce

f dilution is necessary as follows:

te the total number of particles according to the cleanliness specification of the component u
d divide it'by the total volume of the extraction sample. If the resulting concentration exceeds
80 % of-the coincidence-limit, dilution of the sample is necessary.

oncentration of the liquid sample can not be calculated it is necessary to analyse an explors

—

he

nder
the

tory

sampld:

Take a defined portion of the extraction sample. Dilute the portion by 1:10. Condition and analyse the
diluted portion as described for test samples within this document. The result of this exploratory analysis
indicates whether the sample can be analysed directly or what the optimum dilution ratio will be for the
remaining extraction sample. The final dilution ratio shall be selected to give a particle count of less than
80 % of the stated coincidence. For the final reporting of the particulate count of the extraction sample it is
important also to include the total number of counts obtained from the exploratory sample.
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7.5.2 Re-dispersion of contaminants

-9:2007(E)

If the sample is left to stand for a period of time, agglomeration of contaminants will occur. The agglomerates
shall be broken up to disperse the particles evenly. This may be done either by manual or automatic shaking
or by using an ultrasonic bath. The method chosen shall not alter the original particle size distribution.

7.6

Sample analysis

Conditioning and preparatory work are necessary in order to avoid erroneous results, which can be caused by

liqui

d-borne gas bubbles.

The)

Ens
opti

The
con

At t
filte

NOT

sample shall be analysed immediately after re-dispersion and degassing.

ure that the sensor of the APC has been switched on for long enough to become stabilise
cs and electronics).

setting of the size intervals of the APC shall be according to those stated in thg,Inspection Do
Sistent with the requirements specified in 1ISO 16232-10.

he beginning of the following procedure, make certain that the reservoir‘contains the minimur
ed test liquid to ensure that no gas or air is introduced into the supply line of the APC.

Gently empty the entire liquid sample into the reservoir and starf the stirrer.

E 1 A stirrer speed that is too high can introduce air bubbles to‘the liquid.

Rinse the inner sides of the sample container with pre=filtered test liquid and gently empty th
liquid into the reservoir.

For stabilisation, gently stir the contents of the-feservoir for a minimum period of time as de
the validation procedure.

Set the APC to acquire data and enablethe liquid contained in the reservoir to be fed through
and immediately count particles . Anatyse the liquid. If the counting mode of the APC is set to
delay time of the APC to zero in order not to miss any particle passing through the sensor.

E 2 Depending on the equipment configuration, it may be necessary to adjust the working flow rate du

the sensor and stop the,data acquisition of the APC.
Repeat steps a) to-e) until all the sample containers have been analysed.

After all extraction samples have been analyzed, remove residual particles by rinsing the sur|
reservoir-using liquid from a pressurized dispenser. Start at the uppermost surface and grg
down tothe bottom. Repeat stages c) to e) and note the particle counts.

E.3 For the rinsing process to be most effective, a fan shaped nozzle has proved to be the most effec

j (detection

cument and

h volume of

e extraction

ermined by

the sensor
time set the

ring analysis.

When the liquid volume within the reservoir falls to the minimum established in 7.2, stop the flow through

faces of the
dually work

ive.

Repeat step g) until either the “end-point” is reached, i.e. where the numbers of particles extracted in this rinse

is <

10 % of the total extracted, or the blank value is reached.

The total data acquired from the samples by the APC during the analysis procedure stated above represent
the particle count of the liquid sample under test.
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8 Results

8.1 Calculations

To obtain the total number of particles per test component, the particle counts from the individual analysis
steps are summed, i.e:

a) the total number of particles recorded in the analysis of any shipping liquid drained from the test
component prior to extraction if requested in the inspection document;

b the totalhrumber of narticles—at each size recorded for anv exnlorator analvsis o a —antimizatio f
€ lolgi—Rpes —paHGt H—B8aEH—SH£8— Fe86—-oF—ay—BXpProratoRf—aRah/fSis—e-g—opHHLaH (0]

dilution

c) the tota

ratio [7.5.1 b)];

I number of particles recorded for each extraction sample analyzed [7.6 f)];

d) the tothl number of particles at each size rinsed from the test equipment after the(analysis of| the

extract

A typical tegt report is shown in Annex E.

8.2 Exprnession of results

Express thg

on samples [7.6 g)].

results of the component cleanliness examination in accordance'with ISO 16232-10.

10
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APC analysis
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This part of ISO 16232 does not cover the use of APC for on-line analysis of the liquid in the fluid lines.
Nevertheless liquids from sampling lines may be collected in clean sample containers and analysed as

F i laY oW NataYeYe)

des

Onl
the

Dus
nun

The)

proj
dim

H R - | N b
LITUCU TITUTNS PJairt uritou TuZo4.

nstrument specification.

erically comparable to results obtained by other methods, such as microscopy.

bcted area as the particles analysed, as shown in Figure 1. APC is nef-Capable of detecting th
ension of irregularly shaped particles.

clear, single phase liquids that are devoid of optical interfaces may be analysed with APC, according to

to the specific calibration and detection characteristics of APC, the results ©f '/APC analysis are not

reported size of the particles detected by APC corresponds to the diameter of a sphere havirl]g the same

e maximum

© 1SO 2007 — All rights reserved
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Annex B
(informative)

Summary of the analysis procedure

B.1 Summary of the analysis procedure

No Description Action Comment Frequency
1 Conditioning of the Cleaning, rinsing and stabilising of | Liquid used shall be Rrior to
eqyipment the analysis set-up in order to: compatible with the test) {each
. . . . sample to be analysed analysis
- displace any inclusions of air
bubbles
- displace any incompatible liquids
- disqualify unsuitable sample for
analysis
- provide suitable blank level
2 |[Mepsuring of the blank |Preparation and analysis of a Amount of the volume be | Regularly
level of the analysis representative blank sample chosen according to
settup good practice
2a |Prgparation of the sampling stabilising — Each
system blank sample analysis
2b | Mepsuring of the system [Sizing and counting.of the — Each
blapk sample particles by using-APC analysis
2c |Asgessment of the Check if the blank level is in If the blank value is not
system blank level compliance with the base level suitable: check set-up
established for the system. and conditions repeat
previous steps
3 |Characterisation of the (PRreparation and analysis of the — Each
tesf sample extraction liquid analysis
3a |Prgparation of the dest - Dilute if necessary Check whether dilution is | Each
sample - Re-dispersion Deqassin necessary or not. It may |analysis
P 9 9 be necessary to carry
- Stabilising out an exploratory
sample.
3b | Analysis of the test Sizing and counting of the Repeat steps 3a to3e in |Each
sample pariicles by using APC case the extraction analysis
sample is divided into
several sample
containers
3c |Analysis of the final Sizing and counting of the — Each
rinsing sample particles by using APC analysis
4 |Reporting and The result of particle Totalise the counts Each
expression of results measurement shall be related to | determined for the analysis

the component from which the
sample originally was extracted.

relevant samples

12
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Example of configuration - Sampling apparatus

0) 2

B B 3]

® %, A
AN @
e
© ®
®© ®|::r—-D@ ®
© ©
®© ®
® 2 @
@ @
®
Key Key
1 Jockable graduated reservoir and stirrer 1 Aockable graduated reservoir and stirrer
2 flexible tube 2\ “flexible tube
3 [lamp valve 3 clamp valve
4 APC sensor 4 APC sensor
5 APC instrument 5 APC instrument
6 flow meter 6 syringe sampler
7 Rdjustable suction pump 7 graduated drain
8 praduated drain 8 remote line
Figure C.1 — Continuous/flow configuration Figure C.2 — Non-continuous flow configuration
based on a non-pulsating suction pump based on an automatic syringe sampler

NOTE 1 It is advisable that the outlet of the reservoir be at the bottom of the conical section of the resefvoir and that
the flow be vertically-downwards so that particles cannot settle in the pipes. It is advisable that changefs in area be
elim|nated.
NOTE 2 | «~Ifsa gas is used to force the liquid through the sensor, the gas should be filtered through a suitgble filter and

shoTId be.free from oil and water.

©Is
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D.1 Sam

Annex D
(informative)

Supplementary procedures

ple dilution

D.1.1 Gern

Sample dily
of the instry

The proces
contaminan

To reduce
procedure S

NOTE b

D.1.2 Sin

Calculate tH

Verify the ¢

eral

tion may be necessary to reduce the particle concentration so that it is below the coincidence
ment.

s of dilution may introduce errors in particle count data because of the addition of extrane
t, which will be magnified by the dilution ratio.

such errors, dilution should be performed under clean conditions, and-all equipment used in
hould be thoroughly cleaned using approved procedures.

y diluting, the refractive index of the sample may be changed, and this may affect particle characterisatio
gle-step dilution
e dilution ratio required.

eanliness level of the diluent before use.

Use an empty pre-cleaned sample bottle (= diluent bottle) which is large enough to contain the diluted sam

Add a suitaple volume of filtered diluent liquid by using the mass or volumetric method.

Redisperse|the contents of the test sample.bottle and transfer it completely into the diluent bottle

a) Rinse the inner surface of the test-sample bottle with filtered diluent liquid, cap the bottle and sha
vigoroysly for 5 s.

b) Empty the content of the battle into the diluent bottle.

The content of the dilution.sample bottle is now prepared for carrying out the analysis procedure for extrag

samples.

NOTE IBO 11500 is used for mass and volumetric dilution methods.

limit

ous

the

ple.

e it

tion

D.2 Analysis of different liquids

Care should be taken when the analysis set-up is used to analyse non-compatible liquids.

Films or droplets of the previous liquid may remain in the set-up, and this will lead to erratic counting. The
procedure for changing liquids involves flushing with a succession of solvents, each one compatible with the
preceding one. For example, to change from aqueous solution to an hydrocarbon based test liquid, a typical
sequence is:

a) flush wi

b) flushw

14

ith distilled or de-ionised water;

ith propan-2-ol;
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