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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.
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Introduction

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 contaminants
is the basis of control.

Based on a world-wide broadening and ongoing development of technical cleanliness issues this
document is intended to:

— further improve the comparability of cleanliness inspection results;

q
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— I\clude new (extraction and analysis) techniques; and

rovide information on how to define cleanliness specifications and explain how to
leanliness limit values are exceeded.

document has been prepared to fulfil the requirements of the automptive industr
ion and performance of modern automotive components and systems are sensitive to {
ingle or a few critically sized particles. Consequently, this document.deals with the an
volume of extraction liquid and of all contaminants collected using.an approved extracf

e able to compare inspection results the same extraction procedure, the same test fl
parameter settings for the analysis instruments are intenided to be used.

document is based on existing International Standards such as those developed by 1
They have been extended, modified and new ones have’been developed to produce a cox

of International Standards to measure and report the cleanliness levels of comyj
ms fitted to road vehicles.
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INTERNATIONAL STANDARD

ISO 16232:2018(E)

Road vehicles — Cleanliness of components and systems

1 Scope

WARNING — The use of this document can involve hazardous materials, operations and
equipment. This document does not purport to address all of the safety problems associated
with its use. It is the responsibility of the user of this document to establish appropriate safety

and

This

partjculate contamination on functionally-relevant components and systems (cleanliness

ofro

A clg
perfq

document specifies requirements for applying and documenting methods, \for

hd vehicles.

anliness inspection comprises the basis of an assessment of technical cleanline
rmed, for example, under the following circumstances:

q

This
defin
quali

This

— detection of filmy contaminationr(grease, oils, etc.);

q

q

q

This
degr
indiy
not d

initial inspection and evaluation;

inspection of incoming and outgoing components; and

gurface treatment and assembly processes).

dpplication of non-quantifiable particulate detection methods on test components
dssessment, wipe test with ¢lean cloth, etc.); and

uality control or monitoring of manufacturing processes relevant to cleanliness (¢

document is intended to improve the informative quality and comparability of test re
es the standardized expression of cleanliness specifications and cleanliness test re
ty chain of the automotive industry.

document does not apply to the following:

haracterization of opérating fluids (fuel, oils, coolants, brake fluid, etc.).

document does@mot define any cleanliness limit values for specific components or s
be of cleanlinegss)required for a specific component or system is dependent on a numb
idual factors: Cleanliness specifications are intended to be undertaken only by spe

tech
chai

!

ically=feasible practices and possible consequences for manufacturing processes an
. Gdidance for deriving limit values can be found in Annex H.

health practices and to determine the applicability of any other restrictions priofr to its use.

Hetermining
inspection)

ts, which is

.g. cleaning,

sults. It also
sults in the

(e.g. visual

ystems. The
er of highly-
cialists who

nly know the component concerned but also the system it is built into, the later conditions of use,

1 the supply

2 Normative references

Ther

e are no normative references in this document.

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

|
I
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active component
component which may set the fluid in motion or be activated by the fluid during operation

EXAMPLE

3.2

Pump, cylinder, distributor, injector, valve regulator.

aerosol formation
atomization of a liquid to create small droplets, e.g. in pressure-rinsing due to the shape of nozzles or

impaction of

3.3

agglomeratf
two or morg
small shear

3.4
agitation
extraction nf

Note 1 to en
component.

3.5
air cleanlin
specificatio}

3.6
analysis ba|
balance wit
particulate

3.7
analysis fil

the pressure-rinsing jet on a surface

e
particles which are in intimate contact and cannot be separated by gentle stirring'an
forces thus generated

nethod implemented for internal surfaces

[ry: Its cleaning effect is based on the turbulent change in direction ofthe test liquid insid

ess class
1 of air quality based on the concentration of particles'ih'a defined volume of air

lance
h a high (10-4 g) to very high (10-6 g) reseléition capable of weighing minute quantit
residue

[T

filter membrane

thin membr
of a specific

3.8
analysis paj
settings on

3.9
analysis sy
device to m¢

3.10

hne, either meshed or foamed;\possessing defined deposition properties that cause par
size to be retained during filtration

rameters
An analysis system(3.9) that are used in the analysis step

stem
basuresand/or characterize particles

d the

e the

es of

ficles

arikial ka
dl VICIU LUUIILTI

automatic
APC

counting system that works on the light extinction principle

3.11

back-scattered electron detector
BSE detector
device that supplies scanning electron microscope (SEM) images with a high material contrast, used for

the detectio

n of particles on a membrane filter

© ISO 2018 - All rights reserved
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3.12

blank level

blank value

amount of contaminant introduced from sources other than the test component, such as reagents,
glassware, preparation of test units, and the environment

3.13

blank level criterion

maximum value that may not be exceeded when determining the blank level, i.e. max. 10 % of the
required or expected cleanliness value

3.14
blank level test
analysis carried out in the same operating conditions as on the test component buf without the test
component

Note [l to entry: The blank test enables quantification of the contamination introdugéd from sourcs other than
the t¢st component, such as reagents, glassware, preparation of test units, and the environment.

3.15
cavity
cavitly in the test component, which cannot be wetted by the test liquid due to the presence|of gas

3.16
clean
state of cleanliness (3.18) of a component or fluid that meets'the specified cleanliness level

3.17
cleaning
process to make a liquid, object or extraction setup as clean as required

3.18
cleanliness
condfition of a product, surface, device, liquid, etc., characterized by the absence of| particulate
contagmination

3.19
cleanliness inspection
extrgction and analysis of component contamination including documentation

3.20
cleanliness level
CL
amount and/or)nature of contaminant present on the controlled surfaces and/or in controlled volumes
of a Jompenent

Note [L‘t0)entry: The term may apply to the presumed, specified or measured extent of contaminatign.

3.21
cleanliness specification
documentation of permissible particle features and quantities for a component

3.22

cleanliness state

component cleanliness

cleanliness value (3.23) or values of a component that may change over time due to external influences

3.23
cleanliness value
single value specifying the cleanliness of a component, e.g. residue mass, longest particle or particle count

© ISO 2018 - All rights reserved 3
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cleanroom

:2018(E)

room within which the number concentration of airborne particles is controlled and classified, and
which is designed, constructed and operated in a manner to control the introduction, generation and

retention of

particles inside the room

Note 1 to entry: The class of airborne particle concentration is specified.

Note 2 to entry: Levels of other cleanliness attributes such as chemical, viable or nanoscale concentrations in the
air, and also surface cleanliness in terms of particle, nanoscale, chemical and viable concentrations might also be
specified and controlled.

Note 3 to enftry: Other relevant physical parameters might also be controlled as required, e.g. temper

humidity, prd
[SOURCE: IS
3.25

coincidence

particles gr
particle cou

3.26
collection ¢
any device
size and a s}

3.27
component
part, sub-as

Note 1 to ent

3.28
component]
CCC
alpha-nume
the particle

3.29
componentj

ssure, vibration and electrostatic.

0 14644-1:2015, 3.1.1]

buped together, which can therefore not be analysed as single particles, e.g. by an o
nter or microscope

quipment
e.g. conical flask, beaker, tray, funnel, collection surface{of the extraction cabinet) w
lape suited to the collection of all the extraction liquid‘draining from the test compong

sembly, or part assembly used in a road vehicle

Fy: This definition differs from that given for'the same term in ISO 5598.

cleanliness code

Fic expression of the cleanliness level (3.20) of a component (3.27) measured or specifig
size distribution of the contaminants

contamination

amount or nature of contaminants extracted from the wetted or controlled surfaces of a comp

(3.27),asm

3.30
conditionin]
preparation

basured by dn-applicable analysis method

18
steprin which the analysis filter (3.7) is pressure-rinsed, dried and dehumidified befo

ture,

tical

ith a
nt

ed by

bnent

re its

tare mass is

welaghed
g3eo

3.31

contaminant
undesirable solid substance that is in suspension in a fluid or in a component or on a controlled surface
(3.33) of a component

Note 1 to entry: For the purposes of this document, contaminants are particles as defined in 3.77. This definition

differs from I

3.32

SO 5598 in its exclusion of liquids and gases.

contamination
all contaminants in a fluid, system or on a component

© ISO 2018 - All rights reserved
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3.33
controlled surface
surface of a component that is subject to a cleanliness requirement

3.34
controlled volume
volume of a component that is subject to a cleanliness requirement

Note 1 to entry: The controlled volume may differ from the wetted volume.

3.35
critical particle
particle which geometric dimensions or chemical-physical nature could cause component(}3(27) damage

Note|1l to entry: A sub-category of critical particles is formed by so-called “killer” particles, which cause an
immediate component failure.

3.36
decline
decrgase observed in the contamination level of a component, on repeated-extraction

3.37
declining criterion
threghold for assessing the suitability of extraction conditions

3.38
declining test
procgdure used to verify the efficacy and suitability:of extraction parameters in which the extraction
step [is repeated six times on the same test componént in an identical manner

3.39
declining value
Dy
quotjent of the cleanliness value under.consideration and the sum of all preceding cleanljness values
(including that under consideration)

Note|l to entry: It is expressed in/percent.

3.40
dissIlving liquid
i

test liquid used for extraction or another liquid with stronger solvent action to speed up digsolving step
during the extraction process, compatible with the test component and inspection equipme¢nt

3.41
double inspection
proceduredin which two identical extraction steps are performed in order to confirm the pfficacy and
suita1bility of qualified extraction parameters

Note 1 to entry: In this case, the declining criterion is set at 30 % instead of the 10 % that applies for declining tests.

3.42
effective filter surface area
area of the analysis filter membrane through which extraction liquid flows during the filtration step

3.43

element analysis

EDX analyses

energy dispersive X-ray spectroscopy capable of analysing elements based on their characteristic
X-ray spectra

© IS0 2018 - All rights reserved 5
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3.44

extraction

sampling

operation required to transfer as much contaminant as possible that is present within a controlled
volume or on a controlled surface into a test fluid and its collection for subsequent analysis

3.45

extraction curve

declining curve

progress curve of the cleanliness level of an extraction fluid applied to the test component as a function
of the number of extractions

Note 1 to entry: This is related to the extraction time or to the volume of test fluid passed through or overthe test
component.

3.46
extraction liquid

analysis liquid

extraction fluid

extraction air

test mediunp loaded with contaminants extracted from the test component

3.47
extraction method
technique tg detach the particle load from the test component

3.48
extraction parameters
totality of all physical parameters influencing the extraction which can be set on or calculated frot the
extraction setup

3.49
extraction procedure
complete sefjuence of all extraction steps petrformed

3.50
extraction setup
extraction flevice
equipment ysed to perform the-extraction

3.51
extraction step
sampling step

single work|step forming part of the extraction procedure (3.49) that is performed either in a declining
test (3.38) or wheén-extracting several controlled surfaces

3.52
extraction volume
total volume of test fluid used to extract the contaminants from a component

3.53

fibre

long, thin structure which is defined by a ratio between stretched length and maximum inner circle
diameter greater than 20, the width measured via maximum inner circle diameter being lower than or
equal to 50 pm

Note 1 to entry: It is generally used to characterize a textile fibre (flexible, pliable, and made from organic
materials) and differentiate it from compact particles.

6 © ISO 2018 - All rights reserved
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filter background
colour of the analysis filter

3.55

filter housing
casing consisting of an upper and lower section with an inlet and outlet as well as a supporting grid;

used

3.56

to clamp and tension the analysis filter (3.7)

filter occupancy

ratiG thVVCCll oul fClLC al'cd Ufthc uuulyol}fil’ful (3-7) CUVCI Cd \A4 ith }qu ti\,}CD tU Clltil A4 aua}_yo
3.57

filter pore size

<mesh filter> nominal mesh width

3.58

filter pore size

<foamed analysis filter> equivalent mesh width measured by means ofthe bubble point teq
3.59

filtration

process in which particles are deposited on the analysis filter

3.60

final rinsing

d filter area

—

application of fluid to remove any particulate residues from the surfaces of the extraction setup and

depodlsit them on the analysis filter

Note

implgmented after extraction to remove any particles that may be adhering slightly to the compone

of th
appli

3.61

final rinsing liquid

(test

extrgction setup and depgsitthem on the analysis filter

3.62

fixatjive

liqui
3.63

fan nozzle
flat j

Nnozz

Note

3.64

1 to entry: With “final rinsing”, liquid flows.over a component without any pressure being use

e extraction equipment due to re-sedimentation and to forward them to the analysis step.
bd to the surface using a spray.

) liquid used after the extraction step to remove any particulate residues from the su

l used to fix,particles on the analysis filter (3.7) to prevent their loss though electrosta

d. The step is
ht or surfaces
The liquid is

rfaces of the

tic charging

r_zt nozzle

1 to entry: Parameters include jet width and equivalent bore diameter.

functional test bench
closed circuit of test liquid onto which the test component is installed in order to be subjected to
stresses or to provide similar functions to those to which it will be subjected to under final use

oper

3.65

ating conditions

gravimetry
analysis method used to determine the mass of all residues present on the analysis filter by measuring

diffe

rences in mass

© ISO 2018 - All rights reserved
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inspection procedure
inspection method

full sequence of all work steps including preparatory steps, extraction, filtration, analysis, carried out
in the course of a cleanliness inspection (3.19)

3.67

inspection report
document that contains clear, summarized, general information together with details of the test
component, information about the extraction, filtration and analysis steps as well as a representation of
the inspection results

3.68

inspection
inspection
detailed deg

Note 1 to ent

3.69
internal rixy

specification
document
cription of the inspection procedure (3.66)

'y: Where appropriate, it can also include illustrations to provide assistance.

jsing

extraction nhethod with a cleaning effect that is based on a turbulent flowrofliquid inside the compq

3.70
internal rix
technical co

Note 1 to ent
a hydraulic ¢

3.71
isolation
screening o
should not ¢

Note 1 to ent

3.72

limit value
maximum p
quantity, wh

3.73

material an
accurate c}
metallograp

)sing apparatus
hstruction consisting of a media supply and set-up to.integrate the test component

[y: Itis used exclusively to perform an internal rinsitigiextraction step, e.g. an adapted test ben
mponent.

[ areas of the test component thatdo not form part of the controlled surface and W
ome into contact with the test flaid

Fy: Sealing or masking are examples of isolation methods.

ermissible value forthe residue mass, particle dimension (length, width, height) or pa
ich cannot be exeeeded

jalysis
Jaracterization of a material by means of chemical, spectroscopic, mechanicg
hicanethods

nent

ch for

rhich

“ticle

or

3.74

material classification
assignment of elemental composition to a material class based on the percentages of individual elements

identified

3.75

microscope
device used to magnify and visualize small objects, often containing an integrated camera system with
image-processing

Note 1 to entry: A differentiation is made between material, stereo and zoom microscopes.

© ISO 2018 - All rights reserved
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3.76

monitoring

inspection of cleanliness at regular intervals with the purpose of evaluating processes relevant to
cleanliness

3.77
particle
tiny structure made from solid organic or inorganic matter

3.78
particle count

£ £aal rad Lol o2 H +lo L i it
num PLCT Ul lJCll LICITS CUUIILTU U_y LIICTIT OIZT Ul ULIIUT UlIdI dULUTTISUILS

3.79
partjcle load
totaljity of all particles present on a surface or in a liquid

3.80
partjcle overlap
particles overlaying one another, which prevents them from being optic¢ally recorded as single particles

3.81
partjcle size
geonpetric feature of a particle that is stated in the cleanliness specification

Note [l to entry: If this is not stated, the particle size correspondswith the longest dimension Feretax.

3.82
partjcle size class

size [lass

particle size range with an upper and lower class limit

3.83
partjcle size distribution
particle count grouped into particle.size classes (3.82)

3.84
partjcle standard
substrate marked with objécts of a known shape and size used to verify that optical analysis systems
are correctly calibrated

3.85
passjive componént
com;[onent which does not set the fluid in motion and is not actuated by the fluid

EXANPLE Connector, tube, tank, etc.

3.86
preparatory steps

totality of all measures carried out after delivery of the component and before execution of the
extraction procedure in order to enable all particles present solely on the controlled surface to be
detached during the extraction step, e.g. disassembly, demagnetization, isolation, pre-cleaning

3.87
pressure-rinsing
extraction method with a cleaning effect that is generated by the kinetic energy of an open jet (impulse)

3.88

qualification report

documentation of the qualification test, including declining test and derivation of the routine inspection
procedure

© ISO 2018 - All rights reserved 9
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3.89
qualification test
performance of declining tests to work out a routine inspection

3.90
residue mass
mass of the particle load determined as the mass difference using the method of gravimetric analysis

391
routine inspection
cleanliness inspection performed with qualified extraction parameters (recurrent)

3.92
scanning electron microscope
SEM
high resolutiion microscope which images a sample by scanning it with a focused electren beam

3.93
start parameters
recommended parameters of a considered extraction method (e.g. pressure-rinsing) to commnence
qualification tests in order to achieve better comparability of extraction precedures and at last better
comparabililllty of cleanliness inspection results

3.94
test compohent
test object
test piece

single comppnent, aggregate or system inspected for cleanliness

3.95
test conditions
circumstanges under which the cleanliness inspection is performed

3.96
testliquid
test fluid
test air
medium of gpecified characteristics (e.g. viscosity, boiling point, cleanliness level, and solvency) used to
extract contfaminants from a ceniponent

3.97
testlot
all test components fromwhich the combined particle load is measured in a cleanliness inspection

3.98
test lot sizq
number of test-Ccomponents comprising the test [ot (3.97)

3.99

turbulent flow

flow of fluid with a cleaning effect generated by turbulences that is used to extract contaminants from
internal component geometries

Note 1 to entry: An effective turbulent flow prevails in a liquid if the following applies: Reynolds number =4 000.

3.100
ultrasonic bath
technical device used to clean components by means of ultrasonic vibration

10 © ISO 2018 - All rights reserved
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3.101

ultrasonic vibration

extraction method with a cleaning effect based on the formation and subsequent collapse of vapour
bubbles (cavitation) that is induced by high sound pressures

Note 1 to entry: Frequencies ranging between 20 kHz and 400 kHz are used (in some cases up to 1 GHz).

3.102

vacuum rinsing

vacuum flushing

method of contaminant extraction using vacuum to flow the test fluid through the test component

3.10
validation
process by which a test method evaluates the capability of the contaminant removal proces

wn

3.10

volumetric measurement
flow|rate determined by the measurement of a volume of liquid and the time required to fi|l a vessel to
a spqcific level

3.105
wetted surface
Ac
surfdce area of the component that is exposed to a system fluid

3.10p
wetted volume
Ve
voluime of the component that is exposed to a system fluid

4 $ymbols and abbreviated terms

A Unit of reference.“per 1 000 cm?2” when specifying the CCC
Ac Controlled suxface of all test objects in a test lot

ATR Attenuated total reflection

APC Autematic particle counter

BSE detector Back-scattered electron detector

Ci Cleanliness value

ccc Component cleanliness code

CCD Charge coupled device

CT Computer tomography

d Internal diameter (e.g. of piping)

Dy Declining value at repeated extraction step n
EDX Energy dispersive X-ray spectroscopy

the greatest possible perpendicular distance measured between two parallel lines

Feretmax touching the particle [um]

© ISO 2018 - All rights reserved 11
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FT-IR
mc
ma
my

h

Hp
Hc
Hy
Hz

IR
I[SO-MTD
A
LIBS
mq

my

PET

Re

SEM

SE detector
u/S

%

Vc

12

Fourier transformation infrared spectrometer

Mass of particle load related to number of components tested
Mass of particle load in relation to controlled surface

Mass of particle load in relation to controlled volume
Absolute particle count

Particle count in relation to controlled surface

Particle count in relation to test lot size
Particle count in relation to controlled volume
Frequency (2 movements per second) [1/s]
Infrared

ISO medium test dust

Wavelength

Laser-induced breakdown spectroscopy

Tare mass of analysis filter

Total mass of occupied analysis filter

Residue mass of particle load

Number or test lot size

Unit of reference "per component” when specifying the CCC
Numerical aperture

Dynamic viscosjty [Ns/mZ2]

Kinematic viscosity [m2/s]

Polyethylene terephthalate

Reynolds Number, Re = w - d/v

Scanning electron microscope

Secondary electron detector

Ultrasonic

Unit of reference “per 100 cm3” when specifying the CCC
Wetted volume of all test objects in a test lot

Velocity of the fluid [m/s]

Variable for the particle size, e.g. 150 pm < x < 200 um

Particle height [um]
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5 Cleanliness inspection principles

5.1 General

The purpose of a cleanliness inspection is to detect the particulate contamination which is present on

the relevant surfaces of a test component.

In contrast with other inspections, which can generally be performed directly on a test

component,

e.g. optical or tactile (contact) tests, the inspection of technical cleanliness is an indirect test that
requires an extraction step. The relevant surfaces of functionally-critical components utilized in the
automotive industry are often located inside pipes, channels, casings, tanks, pumps, valves or similar

components. Fluids often flow through such components and these are capable of transport
to sensitive areas of a system. The inner surfaces cannot generally be accessed to allow

ng particles
a direct e.g.

visual inspection. Furthermore, due to their material composition, roughness or lack-of contrast with

the garticulate contamination, many surfaces are not suitable for visual inspections.

Consequently, in order to analyse technical cleanliness, first of all an extraction (or samp
necepsary. Here, the particles present are first removed from the component'by means of
cleanjing process (see Figure 1). The complete test fluid is then filtered, the-particles extrac
component deposited on an analysis filter and then subjected to analysis.

This
com
(extr

also means that it is impossible to repeat the cleanliness inspection on the
ponent because its cleanliness state has been alteredyas a result of the inspect]
action).

Asin[some cases a single particle may be functionally critical, itis essential that the collectiv{

ling) step is
h laboratory
fed from the

same test
ion method

e of particles
ference test

pres¢nt on the component is removed as entirely ascpossible by the extraction step. As re
components with a defined level of contamination do not exist to assess the efficacy
procgdures, the effect of extraction conditions fof¢leanliness inspection needs to be inves
on the following:

¢

Dualification of the extraction procedure (qualification test): the appropriatg

[(
1

riteria are stated in this documeit. They serve to ensure that as many of contaminant
emoved from the test component as possible. Finally the qualification results, requit
arameters of the extraction procedure chosen are documented.

lank level: the cleatier'a test component is (i.e. the lower the number of particles ex

(}f extraction
t

gated based

b extraction

procedure for a test component is determined by performing qualification tests. The qualification

barticles are
ements and

bected to be

etermined in a cleabliness inspection), the higher the risk that external contamination introduced

into the test precedure will falsify results. The quantity of extrinsic particles permit
is stated in £his’ document. This permissible blank level is orientated towards the
equiremerits-of the respective test component.

The ¢leanliness inspection (see Figure 1) is made up of the following steps:

ted in a test
cleanliness

a) prevision of the test component;

b) removal of the particles from the test component (extraction);
c) filtration of the particles (except with shortened analysis);

d) analysis of the particles; and

e) documentation of the inspection and results.

In order to perform cleanliness inspections, special equipment, suitable
experienced staff are required.

© ISO 2018 - All rights reserved
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Liquid extraction Air extraction
o . -
o Pressure- Ultrasonics Air jet
s rinsing
T
s
L?j Internal- Agitation Throughﬂow
rinsing
- NS
>
: *
= Vv
8
© Analysis filtration
-+
[ %O
AN
X
ight optical Light optical Liquid particle
nalysis (modifi counter
- Length,width, fibre
g Dptional: metallic Otheroptic
ghine i
— particl Fil
foo) ilterblockade
é standard setup) (optical)
Gravimetry SEM/EDX
= CT
LIBS
IR
Raman
%Q?“ Figure 1 — Inspection methods
To be able t Ere inspection results the same test fluid, the same extraction procedure and also
same para i isi i

Annex I describes possible procedures to be taken when the result of a cleanliness inspection exceeds
the permissible value stated in the cleanliness specification.

5.2 Selecting the inspection method

With respect to Figure 1 the following shall be considered.

— Particle extraction: particles are detached from the component by means of a test fluid in a cleaning
process. The extraction method is determined by the features of the test component(s), such as size,
shape, accessibility to the surfaces requiring inspection, component material and type and adhesion
of the contamination to be removed (see Clause 7).
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— Particle filtration: particles with a size relevant to the analysis are deposited on an analysis filter.
The type of analysis filter is selected according to the size and quantity of the particles requiring
analysis as stated, for example, in the cleanliness specification (see Clause 8).

— Particle analysis: relevant particle features are analysed in accordance with the information stated
in the cleanliness specification, for example. Such features include aspects such as size, quantity,
material composition and properties. Where no specific features are stated, the standard analysis
procedure shall be applied (see 9.2).

NOTE1 In the shortened analysis (see Figure 1) there is no filtration step. Once detached by the test liquid,
particles are advanced directly for analysis, e.g. with a liquid particle counter.

The purpose of selecting an extraction method, deriving parameters for it and subsequently validating
the method is to adapt and optimize a cleaning task. According to Sinner’s circle (see Figiire A.2), the
following parameters influence the extraction result:

— flest fluid (chemical cleaning aspect);

— {femperature;

— ¢leaning mechanism (extraction method with parameters);

— flime (time the controlled surface is exposed to the extractiom method).

A pafticle bonded to a component surface by forces of adhésion is used as a model for the cleaning
purplose. The particle in Figure 2 could adhere, for example, because of Van der Waals forces, or
alterhatively capillary forces subsequent to the presenee of humidity in the air or process media
(coolants, lubricants or anti-corrosives). The purpose.of the extraction method is to overcome these
forcgs and detach the particle.

1

|
Za

Key
1 particle

2 lpyer enhancing adhesion (humidity in the air, process media)
domponent

Figure 2 — Particle bonded to the component surface by forces of adhesion

NOTE 2  Burrs can detach from the component during the extraction procedure, which are then also included
in the cleanliness inspection.

5.3 Start parameters

After selecting the extraction method (cleaning mechanism), which is essentially determined by the
size, shape, material and location of the component surfaces requiring inspection, there is considerable
options for variations regarding the specific parameters that can be chosen, e.g. diameter of the
spray nozzle, flow rate, ultrasonic frequency, etc. In order to obtain comparable extraction (and thus
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also analysis) results, it is advisable to commence qualification tests using the start parameters

recommend

NOTE

ed for the various methods (see Clause 7).

To optimize an extraction procedure for a specific component with regard to extraction time or

particle detachment (without damaging the component surfaces concerned), the recommended start parameters
can be modified provided they are documented appropriately.

5.4 C(leaning mechanism parameters

The extraction effect and even probability of damage to the component surface is primarily dependent
on the parameters of the extraction method respon51b1e for the mechanlcal action on the component

(impulses, fpr
its manufac
known whi
recommend

For more de

5.5 Staff

The cleanli
specificatio}
accurate do

also Annex |
6 Qualif

6.1 Gene

Qualificatio
They repreg
therefore tH
are carried

qualification and blank level tests shall-be*conducted and evaluated as described in 6.2, 6.3 and Anij

Qualificatio
purpose of 3
and one for

fure and later usage may be necessary However, 1f there are no requ1rements Or exper
Ch justifies the implementation of specific extraction parameters, the start pavam
ed for the respective extraction method should be used.

tails see Annex A.

skills
hess inspection is a very complex task including the understanding of cleanl

ns, the selection and careful execution of extraction procedures, precise analysis ar
fumentation. Therefore, well trained and highly motivated'staff members are essentia

).
jcation tests and blank level

ral

h tests are carried out to define the.appropriate extraction method for routine inspeg

e fourth element (time) in Sinner’s Circle shown in Figure A.2. The qualification
out by means of a declining. test, as illustrated in the extraction curve in Figure 3

h tests and cleanliness inspection are different tasks requiring separate test lots. F
n initial cleanliness.inspection at least 2 test lots are needed, one for the qualificatio
Fhe subsequent poutine inspection.

ent the final step in the proceduresthat started in Annex A. The qualification testp

nent,
ence
eters

ness
d an
(see

tion.
are
tests

The
lex B.

the
test
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Y A
2
n
C < 0,10,; C. n<é6
=
I |
I . B ==
1 2 3 4 5 6 X

Key
X  qonsecutive extraction steps n
Y dleanliness value C;
1 ¢xtraction curve
2 declining criterion

Higure 3 — Cleanliness values determined by carrying out repeated extraction steps on a
component (declining perfarmance)

Determining blank levels and observing the corresponding permissible limits guarantg¢es that the
clearnliness inspection is performed under sufficiently-clean testing and environmental conditions.
This|ensures that any contaminants collected during the test procedure from sources other than the
test ¢omponent may not falsify the analysis result:

To vgrify that no particles are lost during thevarious steps of extraction, final rinsing of the extraction
equipment, handling and drying of the @nalysis filter and analysis - with the consequenge that they
would be lacking in the analysis result 4 the recovery rate of test particles can be optionally determined.

Wheh controlling cleanliness specifications in the customer-supplier relationship, extraction conditions
shalllbe qualified according to(this document.

Even| in the case of an exXtended analysis, especially for microscopic analysis, qualificatipn tests are
manglatory, because any-form of analysis demands an efficient and representative extraction procedure.

6.2 | Qualification tests

6.2.1 Principle

In oild€r, to assess the cleanliness of a component correctly, an extraction method shall pe effective.
Thereforeitshattbeproved-tiat the maximumamount of detachabtecontanmimant particles has been
extracted from the test component in a cleanliness inspection. Unfortunately, there is no absolute
method to determine the particle load actually present. Additionally, “norm-contaminated” products
(i.e.in a defined and reproducible state of contamination), which cover the full spectrum of cleanliness-
relevant automotive components as far as their geometry, material, particle content and adhesion of
contaminants are concerned, simply do not exist. Consequently, to evaluate the efficacy of an extraction
method, declining tests are performed.

The decline in cleanliness values is assessed in order to derive appropriate extraction conditions
for a component or a group of similar components (component family) and to define an “inspection
specification”.

By carrying out repeated extractions on a component, it can be determined whether the particulate
load detached each time decreases and thus whether the extraction method applied is suitable (see
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Annex B). The declining criterion (see Figure 3) determines whether the particulate contamination
has been effectively detached. This identifies the point on the extraction curve where the current
value of extracted contamination is less than 10 % of the total quantity of contamination extracted
in all previous extraction steps including the current step. This point is used to develop the routine
inspection procedure.

At the same time as performing the declining tests, it can also be determined whether the extraction
method attacks the component, causing particles to be detached from the component surface that are
not relevant contamination (see also B.2), e.g. burrs, coatings or component material.

The routine inspection procedure is qualified and specified at least once for each component or

component
production
existing ext
adhesion of

Qualificatio
The qualific
a) declinin
b) develop
c) optiona
d) determi
e) optiona
If the blank]}

developed if

NOTE B4
etc.), in some

i

fﬂllli}y. Shuu}d au_y lllUdifiLatiUllD bC ulqdc tU thC \,UllllJUllCllt (\,Ullbtl u\,tiuual) Ul
process that could affect the removal of contamination from the component ysin
Faction procedure (different component geometry or different type, quantity or(meth
contamination), the qualification tests shall be repeated.

L

h tests shall never be repeated on a component which has already been analysed.
htion procedure comprises the following steps (see Figure B.1):
g test (see 6.2.3 and Figure B.1);

ment of the routine inspection procedure (6.2.3);
: validation of the routine inspection procedure by carrying out a double inspection;

nation of blank levels (see 6.3);

: test particle recovery (see 6.2.3.2).

evel and declining performance meet the requirements described in Clause 6, the procs
documented as a qualified inspection specification for the routine inspection.

sed on the inspection specification derived for a similar component (geometry, material, co
cases the qualification test can be reduced to steps c) and d).

6.2.2 Materials and equipment

Cleaning m4
analysis me

Declining tef
specificatio}

At the begin
method ar¢
documented

'hod are determined.as described in 5.2.

sts are evaluated-using the analysis method that is also applied to validate the cleanl
1 (e.g. gravimeétry and light optical analysis).

ning of the/declining tests, the start parameters recommended for the respective extra
set and implemented — or other parameters, if they are more suitable and sti
(see Clause 7).

the
b the
od of

dure

hting,

chanism, test fluid, andtemperature of the extraction procedure, as well as filtration and

ness

ction
fictly

An adequate supply of identical components (same model, same manufacturing lot) shall be available in

the event th

Ensure that

6.2.3 Pro

at the declining test needs to be repeated.

the test component is delivered to the test laboratory in accordance with Clause 11.

cedure

6.2.3.1 Declining test

Figure 3 shows an example of an extraction curve obtained if a suitable extraction procedure is utilized.

a) Determ

18

ine a test lot size estimated to be suitable.
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Clean testing equipment as required and validate the cleanliness level by performing a blank level
measurement.

Because the later routine procedure has not been determined at this stage at the start of the
qualification, the blank level cannot yet be determined using the final extraction volume or
extraction time. The parameters used to determine the “provisional” blank level are initially
selected by the person carrying out the inspection. The respective start parameters may be useful
guides to help choose these as well as the experience gained by the inspecting person with regard
to the inspection equipment used. Additionally, an equipment blank level is often known, i.e. a
blank level that can be attained with the extraction setup using a defined procedure and volume of
liquid or period of time. If the equipment blank level is used as the “provisional” blank level for the
qualification tests, 1t shall also fulfil the blank level criteria.

Using the start parameters, carefully perform the extraction procedure on the same component or
flest lot six times in succession and determine the cleanliness value C; for each.ofithe six extraction
gteps. The extraction setup shall be subsequently rinsed using an effective final rinsing procedure
3fter each extraction step.

.

'hen, for each cleanliness value Cj, calculate the ratio between(the cleanliness Vyalue under
¢onsideration and the total of all cleanliness values including thé€ current extractign step. The
declining value for step n of declining test is calculated using Formula (1).

=D, M
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If the declining value Dy, is <0,10 (10 %), the declining criterion has been achieved.

ozn:c,. n<é6

i=1

e. inspection specification) are determined (see 6.2.3.2).

e)
C,<0,1
f)
g)
process
particle
cases, if]
h) If, desp

The six clea
as an extrad

Arange of c
describes m|

To determir
values Cj stq

in the c{

in the ¢
counts

of decli
added t

All particles
If fibres are

If no cleanl
specified (e
test that ca
optical anal

if the component material is damaged by the extraction. If components haye.very
loads (i.e. are very clean to start with), it may be very difficult to identify a declihe. In
may be wise to increase the number of components of the test lot (test lotsize).

hliness values C; obtained from each respective extraction step can be illustrated ina g
tion curve, as shown in Figure 3.

irve shapes that may be obtained in the course of declining tests is shown in B.2 whicH
ethods for interpreting them.

e declining values and assess the declining perfefmance (point d) and e)) the cleanl
ted in the cleanliness specification of the component are used. They are:

ise of gravimetric information, the residueniass;

pse of a light-optical or other method t6” determine particle size distribution, the pa
n the respective particle size classes. To simplify the determination and represent
ning performance, all particle size‘classes included in the cleanliness specification cg

with the exception of (textile) fibres are included in the declining test.
part of the cleanliness specification they can be included in the declining test.

ness specification ‘has been defined, or if only a maximum permissible particle si
g. no particles'>x um permitted), all particle size channels are considered in the decl
h be reliably’measured with the magnification and pixel resolution selected in the
Isis method (see 9.2.3).

NOTE1 U
included in t

¢e cleanliness specification by adding size classes with at least 20 counting events.

der{ cértain circumstances, it can be necessary to consider particle size classes which ar

bgether. However, care shall be'taken that there is a decreasing trend in each size clasg.

Once the declining criterion has been attained, the details for the routine inspection procedure (i.

If the declining criterion is not achieved after six extraction steps, extraction parameters need to
be modffied, or a different extraction method chosen, and the declining test repeated with.a
component or test lot. It may be necessary, for example, to reduce the strength of the extra

new
ction
r low
such

te optimizing the extraction parameters, the declining criterion still ‘cannot be attalined,
the component is regarded as an exceptional inspection case (see 6.4).

raph

also

ness

"ticle

htion
in be

ze is
ning
ight-

e not

NOTE 2

be assessed without adding them together.

6.2.3.2 Developing the routine inspection

To obtain further information, the declining performance of individual particle size classes can also

From the findings in 6.2.3.1, the appropriate routine inspection conditions are derived for the respective
extraction method.

calculated on basis of the flow rate.

— Ultrasonic: the required total length of time in the ultrasonic bath.

20

Pressure-rinsing: the required total pressure-rinsing time, as well as the related total volume
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basis of the flow rate.

on basis of the agitation frequency.

Air jet extraction: the required total time the component is cleaned with the air jet.

Air through-flow extraction: the required total time air flows through the component.

Internal rinsing: the required total rinsing time as well as the related total volume calculated on

Agitation: the required total agitation time as well as total number of shaking movements calculated

If n single extraction steps are required for the qualification (to achieve the 10 % criterion), the routine
inspection procedure is carried out over the (n — 1)-fold total extraction time minimum. The aim of a

quali
with

fied routine inspection is to extract at least 90 % of detachable contamination from thg
n the period of time it is subjected to the extraction process.

The final rinsing procedure to remove residual particles from the extraction devicesyremains

The

volume of liquid or final rinsing time used in the procedure is independent of the ¢

particles from the component and therefore not multiplied by (n - 1). In oréler”to determ

the d

elected final rinsing procedure is effective, the final rinsing procedure can be repe

particles utilized, for example (see Annex C).

Once
from|
defin

6.2.3
To fu

]

q

(e

I

q

6.3

6.3.1

qualified and determined, the routine inspection (see Figure®B:3) is utilized to extr
components in order to validate the component cleanliness.aud thus also cleanliness sf
ed between the customer and the supplier.

.3 Verification of the routine inspection/double inspection (informative)

rther verify a qualified routine inspection procédure, a double inspection can be perfd

fthe second cleanliness value is lowerrthan/equal to 30 % of the sum of both cleanlines
ipplicability of the routine inspection conditions developed is verified and can be do
he inspection specification.

2<0,30 (C1 + C7)

f the criterion is not fulfilled, it should be investigated whether it is possible to impl
ippropriate extraction parameters.

Blank level

Principle

The

se’ of extraction methods to inspect the cleanliness of components involves the n

P component

unchanged.
xtraction of
ine whether
ated or test

hct particles
ecifications

rmed.

The routine inspection developed in the préceding section is carried out twice on another non-
inspected test lot and the cleanliness values C1 and C; determined.

s values, the
rumented in

lement more

isk that not

only particles from the test component are included in analysis results but also extrinsic particles
are introduced into the test. If the proportion of extrinsic particles (blank level) is too high, this could
lead to a faulty assessment of component cleanliness. The blank level represents the total value of
contamination that does not originate from the component. Origins of such interfering particles include:

© ISO

test fluid,

extraction equipment (baths, basins, tubing, valves, etc.),

all objects coming into contact with the component and test liquid,
handling processes during preparation, extraction and analysis,

environment and staff.
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The cleanliness grade of the test environment shall be appropriate for the required cleanliness state of
a component.

If the required blank level is not achieved, the cause shall be investigated among the above-mentioned
influencing factors.

NOTE

are described in Reference [8].

To ensure that the blank level does not have an adverse influence on the test result,

— it shall be correctly determined, and

it may n
concerry

A blank levq
be performd
unsuitable d

if extraq
the wee

on chan
particle
to the c]

6.3.2 Der
The permiss

The blank 14

Further con

Table 1).

If the cleanliness values of a component.are not known — e.g. on inspection for the first time

basis for cal
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Table 1 — Blank level criterion and examples

. Example
e e Blank level criterion i i
specification Clea.n.llne-ss Blank level derived
specification

Residue mass 10 % of permissible or 7mg 0,7 mg

measured residue massa
Particle size 10 % of the quantity of Size channel |Permissible |Size channel Quantity
distribution permissible or measured [wm] quantity [wm] permitted in
(also CCC) particles in each size class blank level

(without exception, digits 100 < v <150 o 100 < v <150 9

after the decimal point shall = -

be rounded off) 150 <x <200 28 150 <x< 200 2

200 <x<400 12 200 < x < 400 1
400 <x<600 0 400 < x< 600 0

Largest permis- |Maximum permissible No particles >500 pm per- 500 ym/2 = 250 pm
siblelparticle particle size is halved; no mitted liesinthe size class H

particles permitted in this 200 um < x <400 pm

size class or larger Therefore: no particjes 2 200 um

permitted in the blahk level

Nong No particles >50 pm per- — No particles >50 unj permitted

mitted b
a  Take resolution of balance into account, see 9.2.2 for more details.
b (nly applies if no information is available in terms of a cleanliness specification, analysis results from tlle component,
expefience with similar components.

The plank level always refers to the specific component inspection. In order to be able |to calculate
pernjissible blank levels where cleanliness specifications are stated per controlled surfade or wetted
voluine, or in the case of coded cleanliness spécifications, the permissible quantity of contamination for
the test lot analysed (one or more componéents) shall always be calculated first.

If different cleanliness features are {combined in one cleanliness specification, e.g. residye mass and
particle size distribution, the blanklevel shall be calculated and attained for all features spgcified.

If two possible blank levels-are determined, e.g. with a specified particle size distribution and a
maximum permissible particle size, both blank levels shall be fulfilled.

Wheh validating cleanliness specifications, it is not permitted to subtract the calculated blank level
from| the analysis residt of a component cleanliness inspection.

6.3.3 Materials and equipment

To determine blank levels, exactly the same equipment, materials, settings and parpmeters for
extrdction, filtration and analysis shall be used as defined in the inspection specificar:ion for the

y £ a2 £ £
compoehehRtahRaertest

6.3.4 Procedure

a) Calculate the permissible blank level either on the basis of the cleanliness specification or on the
basis of the cleanliness values determined in 6.2.3.

b) Perform exactly the routine inspection developed in 6.2.3 without a component and determine the
cleanliness value (= blank level).

c) Check that the attained blank level is within the permitted limit.

If blank level criteria are not fulfilled, elements of the testing equipment or environment are unsuitable
and require optimization.
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Another reason why blank levels cannot be attained may be due to an inadequate final rinsing step; as a
result, particles remain in the testing apparatus and are only detected in the course of the blank level test.

6.4 Exceptional cases

If it is proven that the qualification criteria for the declining and/or blank level cannot be fulfilled after
the repeated optimization of extraction conditions, the inspection procedure best-suited for the task
can be specified for the routine inspection in the customer-supplier relationship.

Before a cleanliness inspection procedure (failing the qualification criteria) is declared to be an
exceptional case, firstly all possible causes of error shall be investigated and remedied, e.g. incorrect
handling, pqrticles transmitted from non-relevant component areas, etc.

The following may prove to be exceptional cases.

— Active domponents and assemblies which need to be operated during extraction (e.g-valves, pymps,
injectorss, etc.). In such cases, detached contaminant particles and particles generated during break-
in may |overlie one another with the consequence that the decline in partictlate contaminption
cannot be observed separately.

— Components that release particles, e.g. from the component material or from sacrificial coatings.

— Extreme¢ly clean components, with which an assessment of the declining performance cannpt be
achievefl despite increasing the test lot size and optimizing blank/levels.

For further fletails see Annex B.

7 Extradtion methods

7.1 Prindiples

Because of their geometry and surface characteristics, functionally-relevant components in automptive
systems camnnot usually be fully inspected‘directly for the presence of particles (e.g. using a direct
visual or microscopic technique). In such case, particles are removed from components by extraftion
or sampling

The aim is hot just to detect a representative quantity of particles but to ensure that the maximum
number of detachable particlesisdetected, including the reliable detachment of single critical partjcles.
Procedures for qualifying and-validating this requirement are the same as those described in Clauke 6.

Depending g@n the test component, several different extraction methods may need to be implemented. It
may also be|necessary.to activate parts of a component mechanically in order to inspect the contrplled
surfaces concerned.

In some cages; the packaging coming directly into contact with the component may also need fo be
included in the<leanliness inspection

A component may possess controlled surfaces that have different cleanliness specifications and which
therefore shall be inspected separately.

After detaching the particles from controlled surfaces using a liquid or possibly air (see also 5.2), the
contamination is deposited on an analysis filter membrane, which is then investigated using a standard
and/or extended analysis method. In the case of shortened analysis, no filtration step is required and
particles are analysed directly in the fluid (usually liquid).

Because the result of a cleanliness inspection is highly dependent on the care with which the always
manual extraction procedure is performed, it is essential that inspection staff are well-trained. The
inspection specification shall contain a detailed description of the extraction procedure. To design and
develop applicable extraction procedures, the principal settings and configurations described in Annex
D shall be considered.
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General requirements of extraction equipment

All items of the extraction setup coming into contact with the test fluid, and all surfaces thereof whose
cleanliness could affect the result of the component cleanliness inspection, shall be constructed and
kept clean in such a way to ensure that the permissible blank level is not exceeded. The following points

shall
|

be taken into account in their design and operation:

ow degree of surface roughness;

high chemical and mechanical resistance;

o particle traps, such as dead zones or undercuts:

q

1

q

To fa
with
shou

7.3

7.3.1

Alth
part
be c3

7.3.2

Test

|

TC

basy to clean;
on-magnetic;
ot electrostatically chargeable;

ilted surface and angled piping (as short as possible) from extraction/cabinet or collect

gnalysis filtration;

particles emitted from the apparatus (or only particles which-are not relevant to thg

0
ilspection), including when components are activated, moyed-or driven.

cilitate achievement of and compliance with blank levels, the surfaces of extraction set
fluid that are located between the purification filter‘dfthe test fluid and the analysis fi
Id be kept as small and as geometrically simple as.possible.

Preparatory steps and post-treatment,of test components

General

ugh the preparation step should;be performed near the test environment, if there
les being generated or released When preparing components for a cleanliness inspecti
rried out at a different suitable workplace.

Unpacking

components shall’\be supplied for inspection in an appropriately clean manner. In

suitable packagingdsyrequired. From the moment it is removed from the respective manufa

and 4
re-cd

Whe
adhe|

irrives at thé«<l€anliness inspection laboratory, the packaging protects the test compo
ntamination during storage or transportation.

h opéning packaging and removing test components, care shall be taken to avoid cq

ring\to the outside of the packaging from being released and reaching the controlled

components-Appropriate action includes miscellanegus options such as:

7.3.3

on funnel to

component

p in contact
tration unit

is a risk of
on, it should

many cases,
cturing step
nent against

ntaminants
surfaces of

cleaning external packaging surfaces before opening;

changing gloves between opening the packaging and removing the test components;

onion skin principle (two layers of packaging and lock concept).

Clarifying which surfaces require inspection

ensuring that packaging is opened by one person and test components removed by another;

In many cases, only part of the surface area of a component is relevant to cleanliness or has been
designated a cleanliness specification (e.g. only the interior of the casing for an electronic device).
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Alternatively, more than one area of a component is relevant and these have different cleanliness
requirements (e.g. refined oil inlet and outlet). The following needs to be specified.

— The exact location of the controlled surface(s) to derive further steps, e.g. possible disassembly
or other preparation processes, and plan the extraction strategy (e.g. sequence of the various

extracti

on steps, pressure-rinsing procedure, etc.).

The exact size of the controlled surface(s). This is especially importantifthe cleanliness specification

is normed or coded, e.g. per 1 000 cm?2 or 100 cm3. In such cases, the permissible quantity of
contamination for the test componentis calculated using the actual size of the controlled surface, and
subsequently used to derive the permissible blank level for the test. Additionally, when developing

a decli
parame

7.3.4 Pre

Where cont|
several rele
be necessar
inadvertent
particles to

Areas not r¢
sealing or mj
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ters.

paratory steps

rolled surfaces are not the full size of the component, or where a compohent poss
vant controlled surfaces with different cleanliness specifications (see“also 7.3.3), it
y to isolate the various component areas from one another. In this way, test liquid c4
y come into contact with another controlled surface during the . procedure and tra
t that are not relevant.

bquiring inspection shall be isolated, for example by plugging openings, coating, mas
arking them. Isolation measures shall be carried out in ah appropriately clean manne
als should not affect the cleanliness inspection results:

material of isolation items shall be cleanliness suitable.

nt areas of a test component do not require pre=cleaning, care shall be taken to ensure th

action, it may still be necessary to fix the test component in mounting, lifting or sam
o use adapters for items such as.rinsing lines, drives or electrical connections. This|
articles to be generated or released. Consequently, the same recommendations app
bned in 7.3.5.

s, it can be useful to design/adapters for components in bright colours. If coloured par
in the analysis, the particles originate from the adapter and are not due to an inadec
evel of the test component.

7.3.5 Disassembly

In some caj
cleanliness

During disad

es, it may;'be necessary to partially or fully dismantle the test component befor
nspection in order to gain access to the functional surfaces relevant to the extraction.

bther substances are transferred to the releyant controlled surfaces or removed from the

start

bsses
may
nnot
nsfer

king,

- and

at no

pling
may
ly as

ficles
juate

To prevent'p

ssembly, there is a h1gh r1sk that part1cles be generated and released e. g from joi

disassembly tasks shall be carefully planned and performed in an appropr1ately clean manner. Part1cles
originating from disassembly steps shall be removed (e.g. by suction cleaning or wiping) the moment
they are generated/released or immediately afterwards. All tools and auxiliary equipment shall be kept
clean and designed with low abrasion levels.

There is also a risk during disassembly that particles from external surfaces that are not relevant to
the inspection are transferred to internal surfaces that are relevant to component cleanliness. This can
essentially be avoided by cleaning external surfaces before carrying out the disassembly process.

Due to the risk of the cleanliness state of controlled surfaces being altered by disassembly processes,
disassembly steps shall be carefully documented; alternatively, precise instructions for disassembly
shall be given.
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7.3.6 Demagnetization

Magnetism causes magnetizable particles to adhere more strongly to the test component. Therefore,
ferromagnetic test components should be assessed for residual magnetism and, where necessary,
demagnetized before commencing tests.

EXAMPLE The non-critical residual magnetism value of components of diesel injection systems in contact
with fluid is 2,5 Gauss or 200 A/m.

Machining steps during a component’s manufacture may cause it to become magnetized. If a product
requires demagnetization, it shall be documented. Features relevant to the function of a component
may be destroyed by demagnetization processes.

Components which cannot be demagnetized for technical reasons are usually exceptional|cases; these
shall|be specified in the customer-supplier relationship. In such cases, extraction with liquid or air is
generally only suitable to a very limited extent and methods highly-specific to the €¢dmponeint concerned
need|to be applied in order to detach particles; such methods are not addressed)in’this dociment.

7.3.17 Post-treatment

It shdll be documented whether a tested component shall be scrapped-orreturned to the prqduction line
after{inspection. Any post-treatment steps, such as removing residual test liquid, drying th¢ component
or apjplying a preservative shall be specified.

7.4 | Liquid extraction

7.4.1 General

As described in Annex A, liquid extraction \is”suitable for the majority of functionally-relevant
components encountered in the automotive industry.

7.4.0 Testliquid

The test liquid (and final rinsingliquid) shall be compatible with the component as well|as with the
extraction and filtration equipmient, including all seals and filters used.

As far as the cleaning effect“is concerned, the test liquid is mainly selected in dependgence on the
component material andthe characteristics of the contaminants expected and with a suitabfe kinematic
viscgsity e.g. v < 5 mm2/s. Among others, these are dependent on the history of the compdnent and its
manfifacturing process (see also D.1). Particles relevant to the inspection may, for example,[be bound in
asseimbly greases.or preservatives.

If thg test liquid and final rinsing liquid are not adequately clean, purification filters shall be used.

WARNING — With aqueous test liquid, for example, active cleansing substances présent in the
test liquid could be removed by the filter.

All volumes of liquid used in the extraction and final rinsing steps shall be included in the analysis.

In order to re-use a test liquid (e.g. in circulatory systems), it shall be treated so that it does not impair
the quality of inspection results. The following points should be taken into account.

— The physical/chemical cleaning effect of the liquid may not be affected, e.g. by the depletion of
detergents or the consumption of active chemical ingredients.

— Nosubstances may be added which could impair the inspection results; e.g. greases or preservatives.

— No substances may be added which could damage the inspection equipment or component; e.g.
water, acids, alkalis.

— Viscosity of blended liquid might change during usage.
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Annex K considers risk assessments for tasks carried out in the laboratory, in particular with the use of
cold cleaners for the extraction process.

7.4.3 Pressure-rinsing

7.4.3.1 Principle

Pressure-rinsing describes the localized application of a suitable test liquid to a component via an open
jet. The cleaning effect is mainly due to the momentum transferred by the jet on impacting on the test

component.

As arule, arinsing effect also takes place as the test liquid runs off the component.

The method
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The pressure of the jétcan only be used to characterize its cleaning effect to a limited extent. Alth

is suitable for cleaning external geometries and easily-accessible inner geometri
ed baskets or filters are used, small components with simple geometries can als
e ata time or in bulk (see also Figure D.2).

hipplications, a full-jet nozzle with a round cross-section is utilized. However, deper]
letry of the test component, it may be more practical to use different-shaped nozzleq

sing tools (nozzles) can also be implemented to clean the inner surfaces of components if
o the aperture of a boring or tubing. Care shall be taken to ensure‘that the complete int
and wetted with test liquid. The extraction effect in this ca$€ is no longer that of pres

ather of internal rinsing because the surface is not impacted\by an open jet (see 7.4.5).

portant parameters influencing the efficacy of the préssure-rinsing method are the:

bristics of the test liquid,

"y of nozzles and lances,

e away from the object and the anglé of the jet,

e implemented when extracting the object surfaces,

" surface or forward feed,(and

bn rate of extractions per controlled surface.

of a nozzle with a given nozzle diameter is proportional to the pressure at the nozzle, it is
easure the pressure directly at nozzle level. Liquid feed pressures measured in other areas
h a pressure\tank or behind a pump), can vary significantly from the actual pressure at nozzlg
pfore unsuitable as parameters. On the other hand, the flow rate remains constant regardl

easuried: Even if the flow rate is not measured via a sensor in the liquid feeding system, it c
ated\by means of volumetric measurement (e.g. filling rate of a beaker into which the preg

es. If
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Hirected) and is thus suitable as a parameter.

In the cases of nozzles with round outlet cross-sections and a non-widened cylindrical jet (or several
such nozzles in a pressure-rinsing tool), the efficacy of the pressure-rinsing jet is much less dependent
on its distance away from the component as would be the case with a widening flat-jet nozzle (fan
nozzle). This makes it easier to perform a defined extraction on the test component (see also D.2,

Figure D.1 a), d) and e)).

The efficiency of the pressure-rinsing method is very dependent on the extraction steps that are
generally carried out manually. The pressure-rinsing procedure suitable for the respective test shall be
documented in the inspection specification.

If the pressure-rinsing method is implemented using a solvent as a test liquid, aerosols could be
generated. These aerosols may form a combustible mixture even in cases where the flashpoint of the
test liquid is much higher than the testing temperature/room temperature. If there is a risk of aerosol
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formation, the extraction should be performed in a suitable extraction cabinet which does not contain
any potential ignition sources.

To find out when aerosols may occur, refer to Figure D.4.

Figure D.4 can be used as a guide to determine the combinations of nozzle diameter and flow rate which
may lead to aerosol formation. The graph was developed for round full-jet nozzles. Due to the fact that
aerosol formation is generally to be expected if flat-jet nozzles (fan nozzles) or other nozzles that widen
and mist the pressure-rinsing jet are used, it is essential that all relevant work safety directives are
followed.

7.4.3:2— Start parameters

In orjder for extraction equipment to be used for as many components as possible(pressure-rinsing
start] parameters shall be selected (see 5.3) so as to generate a jet with a maximunycleanjing efficacy
withput the risk of aerosol formation (see Table 2).

Table 2 — Start parameters for pressure-rinsing

Parameter Startw"ﬂe/Condition
Nozzle shape Round full-jet nozzle
Nozzle diameter 2,5 mm
Flow rate 1,51/min
Distance from component Max:15 cm
Pressure-rinsing volume/controlled surface 5 ml/cm?2

When inspecting larger surfaces, several nozzles\(e:g. combined in a pressure-rinsing tool) can be
used together to reduce the extraction time. Hewever, care shall be taken to ensure that the abdve-
mentioned parameters apply for each nozzle apetrture.

Due to the way existing extraction equipment is constructed, it may not be possible to avoid the fisk
of the operator being sprayed with liquid reflected back from the component or of detached parti¢les
from being lost if the recommendéd.parameters are used. In these justified cases, which shall be
documented, the initial flow rate(of the pressure-rinsing liquid can be decreased to 1,0 I/min.

Wheh using pressure-rinsing for.small components that shall be inspected in bulk it is recommended
that the test lot contains a minimum controlled surface of 200 cm? (see Figure D.2 c)).

As part of the qualification)tests/declining tests (see Clause 6), the final pressure-rinsing volume per
controlled surface is determined for the routine inspection in dependence on after which extraction
step [the declining etiterion is attained. If the declining criterion is not achieved using| these start
parameters or if gther parameters are more suitable and strictly documented, start paramgters may be
modified.

7.4.3.3 , Materials and equipment

The ".:.__le‘g_!l--. U
extraction equipment describe

[SURN »)

din 7.2.

a) Testliquid, kinematic viscosity v <5 mm?2/s.

b) Pick-up for component: e.g. rest, tweezers or mount for single objects; coarse-meshed basket for
small components; manipulators for large components.

c) Extraction setup consisting of:

— pressure-rinsing tool(s): e.g. nozzle pen, which can be controlled manually during the component
extraction process and final rinsing of the extraction setup, lances for component inner surfaces,
or similar;

— media supply with container for test liquid, purification filter, pump or pressure supply.
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d) Collection equipment: e.g. pressure-rinsing cabinet, funnel or container to collect extraction liquid.
e) Suction unit (optional): to remove residual liquid from component cavities.

f) Where required, graduated vessel to measure volumes: e.g. beaker or measuring cylinder and
stopwatch to control extraction times or calculate the flow rate if volumetric measurement is used
for the pressure-rinsing step.

Laboratory wash bottles shall not be used for component extraction by pressure-rinsing, because it is
not possible to attain a defined and stable pressure-rinsing parameter and is thus not a reproducible
extraction step. However, in many cases, laboratory wash bottles are suitable for the final rinsing of
extraction orfiltration equipment

7.4.3.4 Procedure
The following procedure shall be adapted to the features of the test component.
a) Procurg all resources required for the test.

b) Pre-cledn all surfaces of the extraction setup in contact with fluid; wherezappropriate, determine
blank lgvels.

c) Preparg the test component as described in 7.3.

d) Place the test component in the extraction apparatus; if necessaty, position the test compongnt in
such a way so as to enable the liquid to flow easily into the collection container or collection funnel.

e) Perforn} the pressure-rinsing procedure and adhere torall"parameters, times and exact presgure-
rinsing sequence. The careful execution of the procedure is crucial to the result of the inspegtion.
Avoid Igss of liquid or wetting component areas that’are not relevant to the test.

f) Remove residual liquid (if required, repeatedly).from all areas of the component where liquid and
particles can accumulate. Use suction apparatus to remove liquid from objects with cavitieq that
are difficult to access (this liquid shall be‘ihcluded in the analysis).

g) Where applicable (if specified): sample the inner surfaces of packaging (this liquid is also included
in the apalysis).

h) Carry opt a final rinse on all.areds of the extraction equipment (chambers, mounting devices) etc.)
that were in contact withcthe’ test liquid (this liquid is also included in the analysis). A suitable
procedure should be elaberated, tested and defined for this final rinsing step.

i) Transfer all the liquidor filtration and analysis.

j)  Fill out the inspeetion report.

7.4.3.5 D?cumentation

See Clause 10.
7.4.4 Ultrasonic vibration

7.4.4.1 Principle

Extraction by ultrasonic vibration describes the action of mechanical oscillations ranging between
20 kHz and 400 kHz exerted on the surface of a test component via a liquid. The cleaning procedure is
performed in immersion baths fitted with ultrasonic oscillating elements.

The particle-detaching effect of extraction by ultrasonic vibration is caused by high pressure peaks
that form when cavitation bubbles implode.
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The ability of ultrasonic vibration to detach contaminants is due mainly to the ultrasonic frequency and
changes in ultrasonic pressure, which are influenced by the ultrasonic output and geometric features.
As a rule, the higher the ultrasonic output and the lower the ultrasonic frequency, the stronger the
physical cleaning forces become.

In the event that too-high quantities of particles are detached from the component surface as a result of
unsuitable ultrasonic parameters, this can be corrected by setting a higher frequency or lower output.
Special care shall be taken with cast iron because graphite may be released. Care is also required
with cast aluminium surfaces, painted or coated surfaces and sintered materials, as the selection of
unsuitable ultrasonic parameters can cause material damage with the result that non-relevant particles
are released from the component surface.

Ultrdsonic baths are suitable for inspecting external geometries as well as internal surfaops, provided
the spund waves can penetrate component apertures with sufficient intensity. The smaller the openings
for the sound waves and the larger the inner cavities become in proportion, the poorer the cleaning
effect inside a component. Therefore, when extracting contaminants from the inferior and gxterior of a
component at the same time, the cavitation threshold inside the component shall be exceeded without
the component material on the outside being attacked.

Ultrdsonic baths are especially suitable for extracting contaminatiorOfrom small compgonents that
are difficult to handle individually because they can be inspected in‘bulk. The use of small ultrasonic
extraction baths or beakers reduces the total surface area wetted during the extraction step, which has
a pogitive impact on achievable blank levels.

Ultrdsonic vibration can also be used to enhance internal rinsing procedures. Here, th¢ interior of
the test component, which is generally pipe-shaped (no sound-absorbing materials), is subjected to a
throngh-flow of test liquid and additionally immerseddnan ultrasonic bath and treated extprnally with
oscillations.

The nain parameters influencing extraction byAultrasonic vibration are:

— ¢haracteristics and temperature of the test liquid,

— trasonic frequency,
:[ltrasonic density,
— 4rrangement of ultrasonigoscillators in the bath,
— orientation of the component in relation to the ultrasonic source,
— ¢xtraction time¢, and

— 1novement.of the component.

7.4.4.2 « Verifying performance features of ultrasonic baths

ab over s theefficacy of the
ultrasonic system can be verified.

This is achieved for example by quantitatively determining the perforation of a sheet of aluminium foil
by cavitation. The procedure shall be carried out under defined conditions (foil thickness, location and
orientation of the foil in the bath).

WARNING — Erosion of aluminium foil may contaminate the ultrasonic bath.
NOTE A simple method to check the ultrasonic energy is the use of a commercially available indicator liquid

in vials which is applied e.g. in pharmaceutical industry. After adding the vial to the ultrasonic bath a colour
change shows if the ultrasonic bath is working.

© ISO 2018 - All rights reserved 31


https://standardsiso.com/api/?name=e28e167e1b1396ed808e47fbfe4c7915

ISO 16232

:2018(E)

7.4.4.3 Start parameters

The start parameters for extraction by ultrasonic vibration shall be carefully selected (see Table 3) in
order to avoid highly-aggressive low ultrasonic frequencies, achieve a good cleaning effect with the
power density set without subjecting the component to excessive stress and also to attain short start
times for the declining tests (see 5.3.)

Table 3 — Start parameters for ultrasonic vibration

The power
quantity of {

Parameter Start value/Condition
Ultrasonic frequency 35 kHz to 40 kHz
Power density 10 W/l
Time 30sto60s

lensity is set via an output regulator on the ultrasonic bath (if available) or.via the f
he bath (without the component). In general, double half-wave devices are used. The p

density docimented shall correspond with the effective power density and not the peak power dej

When using
contain suff]
a) and b)).

During the
bath is dete
criterion is
other paranj
be modified

7444 M

The materig
extraction €

ultrasonic vibration on small components that are inspected ifirbulk, the test lot
jcient components so as to achieve a minimum controlled surfacéof 200 cm? (see Figuy

gualification tests/declining tests (see Clause 6), the réquired duration in the ultra
rmined for the routine inspection depending on after>which extraction step the decl
attained. If the declining criterion cannot be achieved with these start parameters
leters are more suitable and strictly documented;tlie recommended start parameterg

pterials and equipment

quipment described in 7.2.

Test liqiid, kinematic viscosity v < 5mm?2/s.

hic bath: the bath shall/be-made from stainless steel or other suitable material. Dat3

evel. As a rule, thefbases and/or walls of ultrasonic baths are fitted with transduce
e the homogeneity of ultrasonic distribution and cleaning effect.

nting device/to secure the test component in the bath (no contact with the base or w

materials shall be permeable to ultrasonic waves (e.g. baskets with very coarse mes
moyinting-devices made from compact absorbent plastics).

Where appropriate: beaker for holding small components and corresponding mounting d

lling
pwer
nsity.

shall
e D.5

sonic
ning
or if
may

Is and equipment used in the extraction step shall comply with the general requirements of

and

jance features shall be, documented, especially the output, frequency and bath volumis or

rs to

alls);
1, no

bvice

for begker

Device (manual/automated) to oscillate the components by half the wavelength vertically in

relation to the surface emitting the ultrasonic waves. This compensates for inhomogeneities in
the ultrasonic effect due to the formation of stationary waves (oscillation velocity <1 cm/s).

a)

b) Ultraso
perforni
filling 1
optimiz
— Mo

c)

d)
dispens

e)

f)  Suction
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Where appropriate: additional containers (funnels, beakers) to collect the extraction liquid.

ing test liquid (see 7.4.3).

Graduated vessel to measure volumes; e.g. beaker or measuring cylinder.

unit (optional): for removing residual liquid from component cavities.

Pressure-rinsing test set-up for the final rinsing of components and equipment and/or for
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WARNING — In addition to general safety requirements applicable to all extraction methods the
following points shall be considered when using ultrasonic baths:

— Due to the coupling of ultrasonic vibration in the test liquid and the resulting energy input,

7.4.45 Procedure

The following procedure shall be adapted to the features of the respective test compdnent.

a)
b)

c)
d)

f)

g)

h)

j)

liquids may become hot if subjected to ultrasonic waves for an extended period of time. This
shall be given special consideration and validated accordingly in cases where combustible
liquids are used (temperature shall be kept 20 °C below respective flashpoint).

During the application of ultrasonic vibration, do not place hands or any other part of the
body in the test liquid (risk of embolus or destruction of skin cells!).

rocure all resources required for the test.

re-clean all surfaces of the extraction setup in contact with fluid; where required, determine
lank levels.

Prepare the test component as described in 7.3.
[fill the extraction device with clean test liquid.

1) For tests carried out directly in the ultrasonic bath; fill the bath and set the outpyt to achieve
the required power density in the bath (10 W/1 with start parameters). If the outpfit cannot be
adjusted, fill to the level which corresponds with the desired power density.

2) Inabeaker:fill the bath with water and a small amount of cleaning agent/detergent (to improve
the wetting capacity). The water only-sérves to transmit the ultrasonic waves tq the beaker
and is not later analysed. The power density can be adjusted using an output regulator or, if not
available, by altering the filling level-of the bath. The volume subjected to ultrasoniic vibration,
which shall be known in order toccalculate the power density, is the volume of water plus the
contents of the beaker. Fill the beaker with clean test liquid.

Place the test component(s).diréctly in the ultrasonic bath, or in recipients such as baskets, or in
the filled beaker, which is @lso secured in the ultrasonic bath by a mounting device.

[ommence the ultrasonic extraction step using the power density, frequency and time $tated in the
inspection specification. Move the component or beaker while the ultrasonic step is in progress.

If the component shall be subjected to ultrasonic vibration from several sides or severfl positions,
¢are shall be<taken when changing its position (turning over, rotating, etc.) to avoid additional
particlesdrom being generated by this handling step.

If the\eomponent or beaker is not moved slowly through the sound field of the ultfasonic bath
(nain %2 wavelengths of the sound waves in the bath), the cleaning effect may not be h01|nogene0us.

Remove the test component(s), hold over the ultrasonic bath or beaker and carry out a final rinsing
step with clean test liquid.

Where applicable, empty objects to remove any residual liquid and particles contained inside.

If required, extract particles from the inner surfaces of packaging (pressure-rinsing). The resulting
liquid forms part of the extraction liquid.

Empty the beaker; alternatively, where technically possible, drain the extraction liquid out of
the bath.

When using laboratory ultrasonic baths, care shall be taken to ensure that no particles detached
from the component remain in the baths. There is often a risk of particles sedimenting at the outlet
of a bath where, for manufacturing reasons, there is often a gap or step hindering drainage. If taps

© ISO 2018 - All rights reserved 33


https://standardsiso.com/api/?name=e28e167e1b1396ed808e47fbfe4c7915

ISO 16232

:2018(E)

or similar drainage elements are fitted to the ultrasonic bath, it shall be checked that these fixtures

donotg
k)

enerate particles when used as this could falsify analysis results (blank level).

using a sufficient volume of test liquid. The resulting liquid is included in the analysis.

D)

Transfer the total volume of liquid for filtration and analysis.

m) Fill out the inspection report.

7.4.4.6 Documentation

See Clause 1

7.4.5 Intd

7.4.5.1 Pi

Internal rin

the inner syirfaces of a component. In the process, the entire (or almost, éntire) test compone

completely
walls of the
through-floy

Consequent
conduct flui

passive
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or even
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allowed to d
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simple. For §
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the case of 3
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5ing describes the extraction of contamination by means of a flow efliquid passed thr

filled with test liquid. In order to ensure that particles are detached effectively fron
component, the flow through the interior should be turbulént and not laminar. A py
v further enhances the efficacy of this extraction technigque:

y, internal rinsing is a suitable extraction method for automotive components that
s in later use. Examples include:

components such as tubing, lines, channels, filters and heat exchangers, and

bmponents needing to be actuated for the through-flow process, such as valves and injeq
driven, such as pumps.

1l rinsing, at least one point of the test component is connected hermetically to a line ho
Dnce the fluid has flowed through/the test component, the liquid can be removed froy
ia one or more lines connected-to it. The liquid can flow into a closed rinsing system
rain off into an extractiopbasin without the influence of pressure.

n the test componentconcerned, the set-up for extraction by internal rinsing can be
bxample, a pressuré-=rinsing set-up such as that illustrated in Figure D.3 can also be us
bhort sections of piping provided pressure-rinsing tools are replaced by rinsing devic
ctive componénts, internal rinsing test benches may be highly complex if components
ed, driven er'subjected to high pressure.

raction by internal rinsing often reaches its limits because a major effort is requir
efrinsing setup with the necessary volumes and flow rates of liquid. It may make sen

Then perform a final rinsing step on all surfaces wetted by the test liquid (e.g. beaker and/or baths)
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The advantage of internal rinsing is that only inner areas are wetted, thus there is no risk of the test
fluid flowing over external surfaces of the component that are not relevant to the extraction procedure.
However, adapters for connections/rinsing tubing may generate and release particles due to friction. In
the case of active components, there is a risk of excessive contamination being generated from running-
in processes and frictional wear when the components are re-activated, which would falsify results.

The main parameters influencing the extraction method of internal rinsing are:

34

characteristics of the test liquid,
flow rate and rinsing time,

geometry and model of the test component,
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— pulsation and pulsation frequency, and

— type and frequency of movement (for active components).

7.4.5.2 Start parameters

As opposed to other liquid extraction methods, there are no meaningful start parameters for internal
rinsing. This is because the flow rate required for a turbulent flow (calculable via the Reynolds
number >4 000) is dependent upon the geometry of the test component and upon the test fluid used.

However, the minimum throughput volume shall be several times the inner volume of the component.

Tabl¢ D.4 lists examples of flow velocities for two different test liquids (cold cleaners)twjth different
viscgsities. These rates are required for through-flows through tubes or lines of varying diameters in
ordef to achieve a fully-turbulent flow and thus maximize the efficacy of the extraction.

7.4.3.3 Materials and equipment

The materials and equipment used in the extraction step shall comply withthe general reqfiirements of
extraction equipment described in 7.2.

a) Testliquid, kinematic viscosity v < 5 mm?2/s.

b) Where appropriate, use a component mount: e.g. fixing déyice or clamp. For active components, use
gwitching, actuating or drive devices, etc.

c) Internal rinsing apparatus consisting of:

1+ adapters for filling the component, for the through-flow and for draining the |liquid from
component, and

+ media supply with container for testliquid, purification filter, pump or pressure sypply; where
appropriate, with pulsation mechanism.

INOTE Internal rinsing systems-ean also be designed as vacuum rinsing systems, i.e. thq liquid is not
gddvanced through the component under positive pressure but rather sucked through using a vdcuum device.

d) Ifrequired, use additional,containers (funnels, beakers) to collect the extraction liquid
e) Pressure-rinsing apparatus for final rinse of equipment with test liquid using g).
f) Graduated vessel to measure volumes; e.g. beaker or measuring cylinder.

g) $uction deviee (optional): to remove residual liquid from component cavities.

With|a closeéd internal rinsing circuit, it makes senses to place the analysis filter directly behind the test
component. However, this is not usually possible because the analysis filter has a high floy resistance
which'would prevent the flow velocities required inside the test component from being achjeved. These
flow velocities are necessary in order for the extraction step to be efficient.

Figure D.10 illustrates an example of an internal rinsing system.

7.4.5.4 Procedure
The following procedure shall be adapted to the features of the respective test component.
a) Procure all resources required for the test.

b) Pre-clean all surfaces of the extraction setup in contact with fluid; where required, determine
blank levels.

c) Prepare the test component as described in 7.3.
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d)

Fit adapters to the test component for rinsing tubes; if required, position the test component in such
a way so as to enable the liquid to flow easily into the extraction cabinet or collection container.

e) Where appropriate: with active components, connect power, switching or drive device to the test
component.

f) Perform the extraction procedure on observing all internal rinsing parameters, times and, in the
case of active components, operating parameters.

g) Empty residual liquid from component areas in which liquid and particles could collect (if required,
repeatedly). For objects with cavities that are difficult to access, use suction equipment (the
resulti g liqnid isincluded in the nn;ﬂvcic)

h) Carry onit a final rinsing step on all surfaces of rinsing setup, collection basins, etc., in contact|with
the liqulid. A suitable procedure shall be elaborated, tested and defined for this final finsing step
(the resplting liquid forms part of the extraction liquid).

i) Transfef all the liquid for filtration and analysis.

j)  Fill out the inspection report.

7.4.5.5 D¢cumentation

See Clause 10.

7.4.6 Agitation

7.4.6.1 Principle

The test corhponent is partially filled with test liquid-and all openings sealed. By agitating this liquid,

particles adhering to the inner controlled surfaces’are detached and transferred to the liquid| The

agitation prjocess enables the liquid to exert a force on the particles in different directions and| also
enables deafl zones and undercuts to be reaehed effectively by the liquid. Detached particles are|then
held in suspgnsion.

The method|is suitable for objects with cavities that can be accessed at least via one opening and whose

size and maps allow the test areas to pe adequately agitated. The method is not suitable for inspefting

narrow inngr geometries, such aStubes or capillaries, because the impulse created by agitation is too
low to be effective.

The set-up ¢hosen for thefagitation procedure depends on the shape, size and mass of the compgnent

concerned.

The method|is notsuitable for foaming liquids.

Agitation caln be'carried out manually or with the aid of an automated device.

It is not useful to place components in a sealed vessel in order to agitate the vessel manually or by
means of a vibrating table. This is because particles can be generated if the components strike against

one another

. Ultrasonic vibration or pressure-rinsing are preferred methods in such cases.

The main parameters influencing extraction by agitation are:

volume

36

characteristics of the test liquid,

of test liquid used,

duration, amplitude and frequency of the agitation step,
number of fillings, and

final rinsing of the test component.
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7.4.6.2 Start parameters

The start parameters for extraction by agitation shall be selected (see Table 4) to maximize the
extraction effect (see 5.3) whilst still allowing the process to be performed manually if desired.

Table 4 — Start parameters for agitation

Duri

agitgtion movements is determined for the routine inspection depending on aftefr which ext

the d
or if
mod

How
or to
clear

7.4.6
a)
b) |

Parameter Start value/Condition
Filling volumes 30 % to 40%
Amplitude approx. 30 cm
Frequercy +Hz#
Time 15s
a 1 Hzis one movement per second.

hg the qualification tests/declining tests (see Clause 6), the agitation procedure o}

eclining criterion is attained. If the declining criterion is not achieved.with these start]
other parameters are more suitable and strictly documented, these start parame
fied.

ever, a filling volume of 30 % to 40 % for components shall not be altered becaug
o-high filling quantity does not create the necessary mechanical action to generate
ing effect.

.3 Materials and equipment
[est liquid, kinematic viscosity v < 5 mm?2/s.

Pressure-rinsing apparatus for final rinsing of components and equipment and/or dif
est liquid (see 7.4.3).

[raduated vessel to measure volumes, e.g. beaker or measuring cylinder.
‘unnel: for filling and/or emptying test liquid.
\ppropriately sized abrasion-resistant seals/stoppers for the test component.

Optional) Automatéed-agitation device, e.g. vibrating table fitted with mounting devicg
omponent.

[lock to control the duration of the agitation step.

ampling container, sampling vessel or analysis filter unit (dependent on application]
xtraction liquid.

c)
d) |
e) 1
f)

(
g)
h)

[{
i) 9

" number of
raction step
parameters
fers may be

e a too-low
an efficient

pensing the

for the test

to hold the

uction equipment (optional): to remove residual liquid from component cavities.

7.4.6.4 Procedure

The following procedure shall be adapted to the features of the respective test component.

a) Procure all resources required for the test.

b) Pre-clean all surfaces of the extraction devices in contact with fluid; where appropriate, determine
blank levels.

c) Determine the internal volumes of the test component.
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Prepare the test component in accordance with 7.3; special care shall be taken to clean the exterior

of the component well and to seal all component openings with suitable clean, abrasion-resistant
closing devices.

e) Remove the closing device from one opening that can be used to fully empty the test component.

f) Determine the volume of test liquid required, i.e. 30 % to 40 % of the volume of the interior of the
test component.

g) Pour the testliquid into the object and seal the opening.

h) Perform the agitation step on observing all the specified conditions (frequency, amplitude,
duratioh).

i) Removq one closing device and pour the liquid contained in the test component into-a-sampling
vessel qr filtration unit with the aid of a funnel. Avoid any loss of liquid or wetting .0f external
component surfaces.

j) Carefully perform a final rinsing step on the interior of the test component:This final rinsing
procedyre may take the form of a further agitation step using test liquid or-a.pressure-rinsing|step.
The resplting volume of liquid forms part of the extraction liquid.

k) Ensure fhat the test component is fully emptied.

1) Then, uping a sufficient volume of test liquid, carry out a final finsing step on all surfaces wetted
by the test liquid (sampling vessel, filtration equipment, etc.). The resulting liquid is included in the
analysig.

m) Transfer all the liquid for filtration and analysis.

n) Fill out the inspection report.

7.4.6.5 D])cumentation

See Clause 10.

7.4.7 Dissolving

7.4.7.1 Principle

In cases where components-Have been treated with preservatives or grease, for example, effective

particle extraction can<only be achieved after first dissolving the layer of preservative or grease

present. In donsequence;a delayed decline may take place in the course of the qualification tests.

In such casps, dissolving can be carried out as a preparatory step before performing the aptual

extraction groCedure. Here, the test component is first immersed in a suitable solvent (e.g. the test

liquid used [for’/the inspection) for an appropriate length of time without the aid of further physical

cleaning effects, such as pressure-rinsing or ultrasonic vibration. Alternatively, components can also be
completely filled and sealed if inner surfaces shall be inspected.

The volume of liquid used in the dissolving step as well as the final rinsing liquid for the vessel in
which the dissolving step is carried out forms part of the extraction liquid and shall be included in the
subsequent analysis.

The dissolving step can be speeded up during the extraction process by using a test liquid with a
stronger chemical solvent action (verify compatibility with component).

The main parameters influencing the dissolving step are:

— characteristics of the dissolving liquid, and
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— duration of the dissolving procedure.

7.4.7.2 Materials and equipment
a) Dissolving liquid (e.g. test liquid, or solvent with stronger dissolving properties).

b) Pressure-rinsing equipment to perform final rinsing step on the apparatus and/or to dispense the
test liquid (see 7.4.3).

c) Where appropriate: funnel for filling or removing dissolving liquid.

|, determine

plank levels.

c) Place the component in the dissolving container.

d) Fill the dissolving container with dissolving liquid until the component is fully immersed. Ensure
that all surfaces are completely wetted, e.g. components with cavities.

e) leave the component in the dissolving liguid during the dissolving period without the use of any
further physical forces.

f)  Remove the component and transfer to the next step of the extraction procedure.
g) Transfer the dissolving liquid-to the filtration process.

h) Then, using a sufficient volume of test liquid, perform a final rinsing step on all surfac¢s wetted by
the dissolving liquid. (sampling vessel, filtration equipment, etc.). The resulting liquid fprms part of
the extraction liquid.

i) Transfer all theliquid for filtration and analysis.
j)  Fill out the'inspection report.

If the djssglving procedure is only carried out on the inner surfaces of a component, the described
procedure shall be modified accordingly. The component shall be completely filled with dissolving
liquidtersure thatattsurfacesare fully wettedand-that moair bubbltesare presentjamdsealed during
the dissolving step (e.g. with stoppers). The component is then emptied and the dissolving liquid
transferred to the filtration process.

7.4.7.4 Documentation

See Clause 10.
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7.5 Air extraction

7.5.1 Gen

eral

Some components built into vehicles do not come into contact with liquids during their operation (and
also some during their manufacture). Such components may even be damaged if they come into contact
with a liquid, e.g. air filters, with the consequence that liquid cannot be used for the extraction process.
Extraction using air is an alternative method for such components.

7.5.2 Airjet extraction

7.5.2.1 Py

With this ex
oil-free com
liquid extra

The method
of compress|
single comp
method, or
carriers or (

For this for
is required
cabinet to p

Air jet extra

a) Particle
adhere
cabinet

b) The pai

process
The main p4
— pressur
geomet

distanc

sequeng

inciple

traction method, particles are detached from the test component by means of.a jet of ¢
pressed air (see ISO 8573-1). The tools and procedure are similar to those'fequire
Ction by pressure-rinsing.

is suitable for external surfaces, or for the inner surfaces of components accessible with
ed air. It can be utilized, for example, to extract contaminants from’electronic compon
onents of engine air intake tracts that cannot be cleaned using the liquid through
also to remove contamination from logistics packaging, such as blister packs, small
ardboard.

(e.g. glove box) as well as connections for compressed air. It shall be possible to ven
revent a positive pressure from being created inside it.

ction is performed in two steps:

s are detached from the test component with a jet of compressed air and subsequ
fo the walls of a cabinet wetted withiquid. The test component is then removed froy

ticles adhering to the cabinet walls are rinsed off and transferred for analysis us
similar to the final rinsing step performed after extraction by pressure-rinsing.

rameters influencing airjet extraction are (see also Table 5):
e of the jet of compreéssed air,

"y of the jet nezzle,

e away fromi the object and the angle of the jet,

e used-when extracting the controlled surfaces,

lean,
d for

ajet
ents,
flow
load

m of extraction, a completely-sealed cabinet with the possibility to intervene manjually

t the

ently
n the

ng a

duratio

h of jet per surface or feed rate

repeats

NOTE

per surface.

As opposed to extraction by pressure-rinsing, in which the pressure measured and information

obtained are highly dependent on the place of measurement (at the nozzle, behind the pump, etc.), the pressure
in air jet extraction fluctuates less at the various sites and can thus be considered as a suitable extraction
parameter. However, the flow rate of the air cannot be measured by means of simple volumetric measurement.
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7.5.2.2 Start parameters

NOTH

Table 5 — Start parameters for air jet extraction (see 5.3)

Parameter Start value/Condition

Nozzle shape Round, full-jet nozzle

1,5 mm
1,5 bar
Max. 10 cm

Nozzle diameter

Pressure

Distance between nozzle and
component

Duration of application of jet /|1 s/cm?2

controlled surface

When inspecting larger surface areas, the extraction time can be reduced by|using se

(e.g. gombined in an air jet tool).

Duriphg the qualification tests/ declining tests (see Clause 6), the duration of application d
controlled surface is determined for the routine inspection depending-on/after which ext
the declining criterion is attained. If the declining criterion is not achiéved with these start]

or if
mod

other parameters are more suitable and strictly documented,*these start parame
fied.

7.5.4.3 Materials and equipment

veral nozzles

f the jet per
raction step
parameters
lers may be

The materials and equipment used in the extraction stepsshall comply with the general reqfiirements of

extrd

a)

b)

d)

ction equipment described in 7.2.

$upply of clean, oil-free compressed air (cleanliness of the compressed air shall fulfil th
¢riteria), control valve to regulate pressure and manometer to display the pressure. Air
nozzle and switching option (finger switeh on air jet pistol or foot pedal in compressed

If required, device to secure the coniponent: e.g. rest, mounting device.
Pressure-rinsing apparatus fox the final rinsing procedure comprising:

1— pressure-rinsing togl;€.g. nozzle stylus, which can be guided by hand to rinse th
equipment, paraltel jet or fantail nozzle;

— media supplywith container holding test liquid, purification filter, pump or pressu

Lompletely-sealed air jet and pressure-rinsing cabinet with intervention option for gu
gnd finalrinsing tools (e.g. glove box) and handling the test components. The box s

particles may not escape via the vent.

N ne e_adbDb .. 2 O C] 2] 2 2 0. 1Ned e a ars 2 O me ll

flow rate used in the final rinsing step.

7.5.2.4 Procedure

The following procedure shall be adapted to the features of the respective test component.

a)
b)

)

Procure all resources required for the test.
Prepare the test component in accordance with 7.3.

Use test liquid to pre-clean all surfaces of the air jet cabinet coming into contact with

e blank level
jet tool with
pir line).

e extraction

ire supply.
iding air jet
hall contain

4 pressure’vent to prevent a positive pressure from being created inside the cabinet. Extracted

ylinder, and

stopwatch to adhere to extraction times or determine by means of volumetric measurement the

compressed

air and fluid as well as other extraction equipment; where required, determine blank levels. In
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order to bind detached particles, all the walls of the air jet cabinet shall be wetted with the test
fluid before commencing the air jet extraction procedure.

d) Place the test component in the air jet cabinet and secure it if necessary.

e) Perform the air jet extraction procedure on observing all the specified parameters, times and
following the exact sequence. The careful execution of this procedure is decisive to the inspection
results.

f) Remove the test component from the air jet cabinet.

g) Using test liquid, perform a final rinsing step on all inner surfaces of the air jet cabinet to remove
all the ¢xtracted particles now adhering to the walls and transfer them for analysis. A suifable
procedyre should also be elaborated, tested and defined for this final rinsing step.

h) Transfef all the liquid for filtration and analysis.

i)  Fill out the inspection report.

7.5.2.5 Do¢cumentation

See Clause 10.
7.5.3 Air fhrough-flow extraction

7.5.3.1 Principle

With this form of air extraction, the test component is_subjected to a through-flow of air us|ng a
procedure similar to that of internal rinsing in the case of liquid extraction.

This methodl is suitable for inspecting the internal Surfaces of air conducting components, e.g. emgine
air intake tract. With this method, large volumes of air are guided through components with cfross-
sections sevleral centimetres in diameter.

Air throughtflow extraction is divided into two steps (see also Figure D.13).

a) Primary extraction step: the test component is installed in the test bench using component-spegcific
adapters. Particles extracted by the pre-filtered air as it flows through the component are deposited
onto a large-surface (high flow rates!), fine-meshed metallic membrane filter located in a primary
filtration unit. This primaxy analysis filter is removed in an appropriately clean manner after the
primary extraction ste€pyand forwarded to the secondary extraction step.

b) Seconddry extraction step: in this step, liquid extraction by means of pressure-rinsing (see 7.4.3)
is carri¢d out to.remove the particles originating from the test component that are present on the
primary analysis filter and to transfer them to a conventional secondary analysis filter suitable for
use with microscopy and/or gravimetry.

NOTE1 The air through-flow extraction method can also be implemented to inspect pneumatic components
in the automotive industry. Such components are systems that conduct compressed air and have cross-sections
several millimetres in width. The basic set-up is illustrated in Figure D.14. In the example shown, the pneumatic
component is subjected to a through-flow of clean, oil-free compressed air. After the extraction step, the air
is guided into the liquid-filled bath of a pressure-rinsing extraction device. The particles extracted from the
component are thus bound in the liquid and can subsequently be deposited onto an analysis filter and analysed.

NOTE 2  The air through-flow extraction method can also be used with direct filtration of the air flow with an
analysis filter downstream the test component, especially if low flow rate is sufficient for extraction.

The main parameters influencing the air through-flow extraction method are:
— air through-flow rate,

— geometry and type of the test component,
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— form and frequency of actuation (in the case of active components), and

— duration of air through-flow.

7.5.3.2 Start parameters

The flow rate of air through the test component cannot be used as a general start parameter (see 5.3)
because it depends on the rate at which air will flow through the component when in operation. These
values shall be specified in the customer-supplier relationship.

A start time of 2 min is recommended as a parameter for each extraction step in the declining tests/

e .
qual freatromtests:

7.5.3.3 Materials and equipment

The materials and equipment used in the extraction step shall comply with the genéral reqliirements of
extrgction equipment described in 7.2.

a) Where appropriate: secure component: e.g. mounting device or_¢lamps. In the cake of active
¢omponents: use devices for switching, actuating, etc.

b) Air through-flow test set-up comprising:
1+ air pre-filter;
1+ system of pipes to guide air through the test component;

1+ primary filtration unit with primary analysisfilter (e.g. 10 um metallic mesh filter).[The interior
of the primary filtration unit (walls) shall be\given a final rinse with liquid and the liquid drained
off at the lowest point;

1+ pipe system with flow gauge and régulator;
1+ pump to generate the required-flow rate of air for the test;

c¢) Component-specific adapters.(may need to be constructed in some cases) to connect the test
¢omponent to the tubing of the test set-up.

d) Pressure-rinsing extraction device (see 7.4.3) to perform the secondary extraction |step on the
primary analysis filfer:

e) Where appropriaté: if the pressure-rinsing apparatus mentioned in d) is located eldewhere and
¢annot be used here, further pressure-rinsing equipment to perform final rinsing |step on the
primary filtration unit.

7.5.3.4 A Procedure

The fottowing procedure strattbeadapted to the test componentand test set-up-
a) Procure all resources required for the test.

b) Pre-clean all relevant surfaces of the extraction setup; where required, determine blank levels.
c) Prepare the test component in accordance with 7.3.

d) Use component-specific adapters to connect the test component to the extraction set-up.

e) Where appropriate: in order to actuate active test components, connect switching, power or drive
devices.

f) Carry out the air through-flow extraction procedure on observing the flow rate and duration; in
the case of active components, adhere to operating parameters.
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g)

h)

j)

Perform final rinsing step on the interior of the primary filtration unit with final rinsing liquid to
transfer any particles that may have sedimented on the walls to the primary analysis filter.

Drain off extraction liquid at the lowest point of the primary filtration unit.

Remove the primary analysis filter and transport it to the pressure-rinsing extraction setup in an
appropriately clean manner.

Perform a full pressure-rinsing extraction step (in accordance with the procedure described
in 7.4.3) using the primary filter membrane as the test component. Transfer the particles to the

secondary analysis filter.

k) Fill out

7.5.3.5 Do¢cumentation

See Clause ]|

Fhe inspection report.

0.

8 Analysgis filtration

8.1 Prindiples

The purpose of analysis filtration is to deposit the particles extracted from the component and
suspended in the extraction liquid onto the surface of an analysis\filter so that they can be analysed.
Vacuum filtration is generally used for this.

In recent years, particle-counting techniques and extended analysis methods, which both require
particles to pe located singly without overlapping on an analysis filter, have become much more popular

than gravimetry. Consequently, the filtration step is.niow crucial to the analysis result. The careful

selection of
procedure 3
Recommend

8.2 Selec

8.2.1 General

The propert
further aspd
analysis tas
analysis prog
or light-opti

filtration equipment and analysis filter(s) as well as the precise execution of the filtr
re decisive steps that play a major rble on the quality of the subsequent analysis re
ations for the design and application’of analysis filtration are described in Annex E.

ting the analysis filtratienymethod

ies of analysis filters, such as resistance to chemicals, capacity to retain particles, and

k concerned:df the cleanliness inspection is carried out within the scope of the stan
cedure ofthis document, i.e. detection of particles upwards of 50 pum with gravimetric
cal analysis, the following analysis filter is recommended:

5 um mesh filter

htion
bults.

also

cts such as optical characteristics, may vary considerably depending on the componen{t and

dard
and/

NOTE1 E.g.PET can be used as a filter material.
NOTE 2  Very thin particles may pass the mesh filter and thus not be captured in the subsequent analysis.
8.2.2 Chemical resistance

All of the equipment used in the filtration process as well as the analysis filter utilized shall be
compatible with the testliquid implemented (where appropriate, also the final rinsing liquid or particle-
fixative) (see also E.2).
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8.2.3 Particle retention capacity

8.2.3.1 Filter pore size

The function of the analysis filter is to retain the particles which are relevant to the analysis (ideally only
these particles). The pore size of the analysis filter is selected according to the cleanliness specification,
i.e. the filter shall be capable of reliably retaining the smallest particle size stipulated in the cleanliness
specification. To ensure that elongated particles are also retained, the following rule of thumb applies:

Filter pore size = 1/10 to 1/5 the size of the smallest particle size specified, with 1/10 being
recommended for larger particles (>50 pm) and 1/5 for smaller particles (<50 um). This is because
smalfer particles generally have a more compact shape than Targer particles, which tend te Have a highly
diverse range of shapes (see also graph in Figure 4).

Y A
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/
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>
5 15 25 50 100 150 200 X

0

Key
gmallest particle size requiring detection, pm

X
Y :[lter pore size;im
1 ilter poressize = 1/5 to 1/10 of the smallest particle size requiring detection

Figure 4 — Selecting the filter pore size

8.2.3.2 Filter cascade

To pre-select particle sizes, analysis filtration can be performed in several steps using filters with
different pore sizes. To do this, a filter holder into which several filters can be fitted is used (see

Figure E.2).

For example, the use of a filter cascade enables only large particles to be deposited on a coarser-
meshed membrane filter, thus facilitating counting by microscopy. The high number of small particles is
retained by a finer filter downstream. If gravimetric analysis is required, all of the filters in the cascade
shall be weighed.
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8.2.4 Further properties of analysis filters

An analysis filter generally has to withstand the typical temperatures it is subjected to during
the drying process in the oven and also be mechanically robust (tear-resistant) when handled with
tweezers or dried by vacuum.

The following filters can be implemented to adapt and optimize analysis filtration for specific particle
types or special analysis methods.

8.3 Handling analysis filters

Filters with special optical characteristics (e.g. colour) to give a good light-optical contrast, or made
from specific materials to give a high material contrast or good conductivity or resistance in the

Scannil’\g p] ectron mir‘rncr‘npn

Filters ‘ihat do not generate a measuring signal of their own as this could overlay particle‘signals,
e.g. Raman or FT-IR inactive filter materials.

In order to gvoid adverse influences regarding analysis filters, the following poiits shall be observed.

8.4 Materials and-equipment

a)
b)

46

Always |[store analysis filter membranes in sealed containers to minimize‘contamination frorh the
environment.

Visually inspect the analysis filters before use. Discard damageddilters. Pre-clean the analysis filter
with tegt liquid except it is otherwise safeguarded that the filtér is not contaminated.

Always handle analysis filter membranes with clean tweezgers and only hold the edge of the andlysis
filter membrane. Sharp or pointed objects may damage*analysis filter membranes.

The surface of the analysis filter containing the particles may never come into contact with angther
surface|(potential particle loss). Exception: lids for fixing particles for the purpose of microsfopic
analysig or archiving. The lids of analysis filters for microscopic analysis may alter the shape of
particless due to clamping. If the glass lid is.retnoved after light-optical analysis, e.g. in order to ¢arry
out an egxtended analysis, there is a riskthat particles will be lost through adhesion to the glags lid.

NOTE The material of the lids thatiare used can have an impact on the detection of particles during
microscgpic analysis, especially for polarization, bright field illumination and transmitted light.

On completion of filtration, ¢ayeful drying and subsequent analysis, analysis filters shall be sfored
in a suitable container (e.g7Petri dish with a supporting screen to aid drying and removal df the
analysig filter). To ensurethe correct assignment of the analysis filter to a specific component, the
storage|container sheuld be clearly marked.

Analysis filter, selected on the basis of the features of the respective cleanliness inspection.

Filtration equipment including vacuum pump. The items required for this depend on the type of
filtration procedure selected (see E.1).

If the filtration flow rate is too high, particles of importance could pass through the analysis filter
or the filter could become damaged.

Tweezers to handle the analysis filter membrane.

The tweezers used shall not be magnetic nor become electrostatically charged. This applies to all
items of equipment coming into contact with the analysis filter because this could cause particle
loss due to magnetism or electrostatic charging.

NOTE Analysis filters can also be handled with a clean spatula. All appropriate formulations also apply
to spatulas.
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Test liquid for the final rinsing step after the filtration procedure (using a wash bottle).
Petri dish or similar clean, sealable container for handling and storing analysis filters.

Drying oven with controlled temperature (no fan) or other suitable equipment like vacuum
apparatus, microwave device etc.

The temperature and duration of the drying process shall be modified in dependence on the combination
of analysis filter and test liquid (see 9.2.2).

WARNING — When drying analysis filters wetted with solvents, ensure an adequate air exchange
inside the warming cabinet to prevent an explosive mixture from being formed (keep well below

the lower explosion limit).

g)

8.5

a)
b)

d)

Fixative (optional): a substance to fix the collected particles onto the analysis filter.

If a fixative is used to prevent particle loss, it shall be utilized only after grayimetric anjalysis.

Procedure
Procure all resources required for the filtration step.

Prepare the filtration equipment. Depending on the apparatus used in the extraction} procedure,
gnalysis filtration can be performed in two ways (see Figure E.1).

i) Direct filtration: Filtration takes place directly at\the level of the extraction setup: the filter
unit is situated immediately behind the outlet of the basin for collecting the extraction liquid.

ii) Separate filtration: The extraction liquid.is-first collected in a clean vessel (e.g. beaker or
sampling vessel) and then filtered througli‘a suction filter.

Pepending on the analysis method required, the analysis filter may need to be conditigned first.
i) Microscopic analysis: The analysis filter does not require conditioning.

ii) Gravimetric analysis: The tare mass of the analysis filter shall be determined (sge 9.2.2). To
avoid negative residue masses, the analysis filter shall be conditioned.

Place the analysis filter inthe filter holder with the aid of tweezers.

INOTE In the case of especially thin analysis filters (e.g. polycarbonate), it can be helpful to place a
filtration aid beneath'it (e.g. suitable analysis filter as a support) as this promotes a more uniform particle
load for microscopy (avoid “support grid effect”).

Filtration‘ofthe extraction liquid.

i) Direct filtration: Using clean liquid, carefully perform final rinsing step on the collection

container (e. g pressure- rinsing basin or ultrasonic bath) to avoid any particle logs. The final
nnnnnnn Lagmidicinclaadnd s +hn oo lyoi o

T 11101115 oo ISHevaeaH—tie alrary ST+

ii) Separate filtration: Pour the liquid from the sampling vessel (e.g. beaker from ultrasonic
extraction) into the filter funnel, then perform a final rinsing step on the sampling vessel. The
final rinsing liquid forms part of the extraction liquid. The size of the vacuum flask limits the
volume of liquid which can be filtered.

Sometimes the extraction step and filtration step are carried out at different locations (far away
from one another) with the consequence that the sampling vessel needs to be transported a long
distance. In such a case, care shall be taken with the following: before commencing filtration, clean
the exterior of sampling vessels to exclude any contamination present from reaching the extraction
liquid during the analysis step. If the extraction liquid is stored for a prolonged period of time,
particles may sediment and agglomerate. With counting analysis methods, it is essential to break up
the agglomerated particles before commencing the analysis step. This can be achieved by agitating
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f)

g)

h)

i)

the extraction liquid or placing the vessel in an ultrasonic bath. However, the method chosen may
not modify the original sizes of particles in the liquid. Stored sampling vessels generally require
gentle agitation to return sedimented particles into suspension. Sampling vessels (including closing
devices) shall be thoroughly rinsed with final rinsing liquid to avoid any particle loss. The final
rinsing liquid forms part of the extraction liquid.

Filter the extraction liquid.

The uniform distribution of particles on the filter (important for microscopic analysis) can be aided
if a “cushion” of liquid is always present on the analysis filter. However, if the extraction liquid only
passes through the margins of the filtration unit, there is a risk that the particles will remain at the

| 1 L.
edge angoverrap-one atrotner:

To avoid particle loss, perform a final rinsing step on all surfaces in contact with the extraction liquid.

Do not pour a stream of liquid directly onto the surface of the filter when preparing it for anglysis
by counlting as this could impair homogeneous particle distribution.

Analysis filter for gravimetric analysis (optional): wash away undesired chemical residues by post-
treating the analysis filter with a suitable solvent.

Analysis filter for microscopic analysis (optional): fix the particles witlhrthe aid of a fixative.

WARNING |— Not suitable for gravimetric analysis filters because the fixative alterq the

residue mass.

j)
k)

N

m)

8.6 Verifying particle occupancy on the analysis filter

Remove the upper section of the filter holder in the presence‘of a vacuum.

Transfel any particles present on the upper section of-the filter holder to the analysis filt¢r by
rinsing.

Where pppropriate, aerate the filtration apparatus. Carefully remove the suction-dried anglysis
filter with tweezers (risk of particle loss) and place it in a clean labelled Petri dish (hold
horizonfally).

Dry the| analysis filter by keeping the' Petri dish partly open (in the case of analysis filters to be
analysefd gravimetrically, dry the ahalysis filter until the mass remains constant (see 9.2.2).

To use automated optical systems for particle analysis, the analysis filter shall be prepared in syich a
way so as td ensure that garticles are evenly distributed over the surface of the analysis filter without

overlapping|or agglomerating (see e.g. Figure E.4 and E.5).

The following points:are important in this regard:

the filtefr eccupancy in percent, i.e. the proportion of the surface of the analysis membrane occx|1pied
by particles;

the homogeneity of occupancy, i.e. the uniformity of particles distributed over the surface of the
analysis filter (are agglomerates of particles present or are the particles mainly located at the
margin?);

occupancy with fibres: fibres are often much longer than other particles. Fibres are capable of
covering large areas of the analysis filter and therefore often touch or overlap numerous particles
and render individual analysis impossible.

With light-optical analysis systems, the filter occupancy in percent should be calculated and
documented. The critical occupation density depends on the type of filter implemented. This is shown
in E.5 for mesh filters and foamed membrane filters.
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If the filter occupancy is such that it cannot be analysed, the extraction procedure shall be repeated
with another component of the same type, and a further filtration step carried out. To optimize filter
occupancy and thus filter analysability, the following alternatives are available.

a) Use an analysis filter with a larger diameter (provided the filtration unit and analysis system used
technically allow this);

b) Distribute the extraction liquid over several analysis filters.

NOTE

If the analysis filter retains a high quantity of very small particles that are not relevant to the

analysis result, an analysis filter with a larger pore size can be selected. This decreases the occupation
density and lowers the risk of particles overlapping one another. This also helps to maintain the contrast

]

c) 1

q
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desc
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9.2.1
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clear

hetween detected particles and the analysis filter background.

f gravimetric analysis of the analysis filter is required as well as microscopic.ana

iroblematic because a conflict arises between the reduction in filter occupangy.as far

verlapping and the lower detection limit of the balance are concerned (seg,9.2"2).

Jse a filter cascade: The filter cascade contains analysis filters with different pore size
mall and large particles.

e examples of incorrectly-prepared analysis filters together with:possible remedies are

Analysis methods

Principles

clause describes the various techniques which can be implemented to analyse
hmination. The selection of a suitable analysis method and its field of use are described

psign and apply procedures for micres¢opic analysis, the specific settings and co
ibed in Annex F shall be considered.

Standard analysis

General

ided that no other-arrangements have been made, standard analysis is used to

the

9.2.2

liness specifications stated in the customer-supplier relationship. Standard analysi

ysis, this is
as particles

to separate

given in E.4.

particulate
| in 5.2.

hfigurations

yalidate the
S comprises

ethods of gravimetry and/or light-optical analysis. In order to optimize the comparability of

the
anaL{sis results.within the technical possibilities of the method used, there are limitatior

plicatiofi"of the method and the settings and analysis parameters which can be used.

Gravimetry

s regarding

9.2.2.1 Principle

As shown in Figure 5, the total mass of the particle load extracted from a test component can be
determined by weighing the analysis filter with an analysis balance before and after the extraction
liquid is filtered.
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Figure 5 — Diagram of the gravimetric analysis procedure

Fthe gravimetric analysis is the residue massand represents an integral value. Its magn
the total quantity and size of the particles-extracted as well as on their respective mat
. Gravimetric analysis does not give anyinformation about the quantity, size or naty

concerned and thus provides very little information about their damage potential.

y determine the mass difference, the analysis filter shall be carefully prepared, drieq
bm temperature. If very smalldifferences in mass need to be determined, climatic condi
need to be regulated more precisely, and the design of the weighing area becomes

residue mass shallralways be determined first e.g. in order to avoid change of the m4g
e to air humidity:

5 often encotintered when preparing an analysis filter for simultaneous gravimetric ang
e mass-and light-optical microscopy to determine particle size distribution. This is beq
filter\should contain a maximum quantity of particulate contamination in order to obt
rimetric result, but low numbers of single, separate particles for light-optical analysis.
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Mass constancy: the temperature and duration of the drying process vary according to the material the
analysis filter is made of and the type of test and final rinsing liquids implemented. Drying conditions
are determined as being suitable when mass constancy of the analysis filter is achieved, i.e. when the
analysis filter does not lose any more mass as the result of a longer drying period. The respective time
and temperature settings need to be determined at least once for each combination of filter/test fluid
used (e.g. cellulose nitrate filter combined with cold cleaner, 150 min at 70 °C).

NOTE1 Mass constancy is attained if no change in mass relevant to the gravimetric result occurs after the
same analysis filter has been subjected to a second drying step and weighed again.

NOTE 2  Drying conditions (time and temperature) can vary for each combination of test liquid and analysis
filter. See manufacturer’s instructions for details.
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Non-particulate residues: to stabilize the tare mass of the clean analysis filter before commencing
the inspection, it may be necessary to rinse it briefly with test liquid before performing the first drying
process in order to remove any volatile substances present in the filter material.

In some cases, the analysis filter may need to be rinsed with an appropriate liquid after the filtration
step in order to remove any chemical residues that are not particles but which could influence the
gravimetric result. Examples of such residues include tensides from aqueous test liquids, or greases or
wax originating from the component that are difficult to dissolve.

In some cases, particles may need to be fixed on the analysis filter for the purpose of further analysis,
e.g. with the aid of a fixative. This may only be applied once gravimetric analysis has been completed.

9.2.2.2 Material and equipment

See (lause 8. The following are also required.

a) Desiccator.

The desiccator prevents the analysis filter from absorbing any humidity from the gnvironment
uring the cooling process after it has been dried.
epending on cleanliness requirements, or when relatively high.residue masses (>> 10/mg) need to
e determined, the use of a desiccator may not be necessary-In order for this condition [to apply, the
aximum permissible blank level may not be exceeded.

b) lonization unit (if it is known that the weighing proceéss'is affected by electrostatic intdrference).
The ionization unit generates positively and negatively charged ions to neutralize the ¢lectrostatic
¢harge on the analysis filter as this could impair the weighing result. The ionization finit shall be
located as close as possible to the weighing platform. Ionization units with fans are nof suitable.

c) Analysis balance.

The minimum readability requirement is 0,1 mg = 0,000 1 g (four-digit balance).| If a higher
gravimetric resolution of 0,01 mg’is required, use a 5 digit balance in a controlled gnvironment
fegarding temperature and humidity.

9.2.2.3 Environmental conditions
The [lower detection_limit or sensitivity of gravimetric analysis is not solely determined by the
capapilities of the awalysis balance. Constant levels of humidity and temperature of th¢ immediate
envifonment and)also the cleanliness of the air have a significant influence. In a nop-controlled
envifonment, the-result is thus affected by the length of time a dried analysis filter is exposed to the
environment.before being weighed. Consequently, time periods shall be kept as identical as possible
during theprocedure.

WheteZpossible, the weighing surface of the balance should not transmit any vibratigns, be non-

magnetic and not electrostatically chargeable (no steel, plastic or glass). The room in which the balance
is located shall be low-vibration and the temperature in the room kept constant. The relative humidity
of the air should be kept between 45 % and 60 %.

If a six-digit balance is used (* 1 pg), it is recommended to keep the relative humidity of the test
environment permanently controlled.

Direct sunlight and draughts (even in cleanrooms) shall be avoided. The balance may not be positioned
near air-conditioning units, heaters or doors.

9.2.2.4 Lower detection limit of the gravimetric analysis

If a four-digit balance is used in rooms where the temperature and relative humidity are not controlled,
the lower detection limit is 1 mg. In connection with the requirement that the percentage of the blank
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level may be maximum 10 percent of the total load, only particle loads with a residue mass (m) upwards
of 10 mg can be detected.

In order to be able to use gravimetry to assess the technical cleanliness of components with particle
loads below 10 mg, the lower detection limit of the analysis set-up (balance including environment)
shall be less than 1 mg in order to fulfil the blank level criterion of <10 %. This is achieved by using a
balance with a higher resolution in a room with controlled temperature and relative humidity.

These more complex measures enable particle loads as low as 3 mg to be reliably detected using
gravimetry. If a lower mass is determined in a gravimetric analysis, the result is expressed as m < 3 mg.

Another wav_of nnnlycing components with very small p:n'fir]p loads by means of gravimetry is to
increase thq residue mass (m). This is achieved by inspecting several components simultaneously;, pr by
filtering the|extraction liquid from several components through one analysis filter.

9.2.2.5 Procedure

a) Procurg all resources required for preparing the analysis filter and for the subsequent anglysis
procedyre.

b) Conditipn the analysis filter to stabilize its mass.

In case|of large gravimetric load the conditioning may be not pecessary because measurement
error in|relation to load is not critical.

To stabilize the mass of an analysis filter, first of all it is tkeated with test liquid before the|first
drying process in order to remove any substances that ca@be washed out from the filter matgrial.
This wquld otherwise occur during the analysis filtration step and lead to a lower actual residue
mass. This shall be verified before using the combination of test liquid and analysis filter for the
first time.

i) Plage the membrane in the filter holder andilter a sufficient volume of clean test liquid thrjough
it tg remove any soluble substances contained in the analysis filter.

ii) Prefdry the membrane by sucking-air'through the analysis filter with the vacuum pump.
c) Pickupthe analysis filter with tweezers and place it in a marked clean Petri dish.
d) Determjne the initial mass m1(tare mass).

i) Plage the partly-covered Petri dish containing the analysis filter (= goods to be dried) ip the
pretheated drying oven; verify the temperature and time required to dry the analysis filtgr.

ii) Remove thedried goods and place immediately in the desiccator; check the amount of|time
reqlired to'cool the analysis filter.

iii) Take, the dried goods out of the desiccators; remove the analysis filter immediately [with
twdezers and p]nr‘p it on the \Amighing surface of the qn:ﬂycic balance

iv) Read off and document the value shown for the initial mass mj of the analysis filter (tare mass).

e) Using tweezers put the analysis filter back into the Petri dish and close the lid. The analysis filter is
now ready for use in an analysis filtration step.

f) Perform the analysis filtration step (see Clause 8).
g) Determine the final mass my (gross mass).

i) Place the partly-covered Petri dish containing the analysis filter (= goods to be dried) in the
pre-heated drying oven; verify the temperature and time required to dry the analysis filter.

52 © IS0 2018 - All rights reserved


https://standardsiso.com/api/?name=e28e167e1b1396ed808e47fbfe4c7915

IS0 16232:2018(E)

ii) Remove the dried goods and place immediately in the desiccator; check the amount of time
required to cool the analysis filter.

iii) Take the dried goods out of the desiccators. Remove the analysis filter with tweezers
immediately and place it on the weighing surface of the analysis balance.

IMPORTANT — Ensure that no particles present on the analysis filter are lost in the process.
h) Read off and document the value displayed for the final mass my of the analysis filter (gross mass).

i) Using tweezers put the analysis filter back into the Petri dish and close the lid.

]) Lalculate the residue mass (net mass), which is the ditterence between mp and mj.

9.2.2.6 Calibration

Follow the manufacturer’s instructions to calibrate the weighing balance.

9.2.2.7 Documentation

See ({lause 10.
9.2.3 Light-optical analysis

9.2.3.1 General

As opposed to gravimetric analysis, which only gives,ififormation about the total particle load extracted
from| the component, more detailed information cah be obtained using light-optical analysfis. With this
metHod, particles can be measured and counted.@nd also characterized.

Depdnding on requirements, different types.of microscopes or flatbed scanners can be uded for light-
optidal analysis (see Figure 6).

Becajuse the function of components-inay already be impaired by one or only a few p4rticles with
specific features, it is imperative that such particles are detected reliably. In order to do this, the entire
effective surface area of the analysis filter is inspected.

Analysis diameter shall be-larger than filtration area to ensure that all particles on the analysis filter
are analysed.

Light-optical systems-are not only used in a standard analysis procedure with fixed pz:lgameters in
ordef to validaté<cleanliness specifications in the customer-supplier relationship (provided that no
othel agreements have been made); they can also be utilized for the purpose of extended apalysis.

Light-optical analysis of an entire analysis filter membrane is generally performed uging a fully-
automated process. If only a small quantity of large particles need to be measured, this fan be done
mantaty

9.2.3.2 Principle

With light-optical analysis, the analysis filter containing the particles extracted from the test
component is illuminated in image fields using a suitable light source and reproduced by a magnifying
lens, generally in the form of pixels on a camera sensor. Image-processing is used to detect particles and
determine size features. However, objects can only be detected if they differ optically (in brightness)
from the background. Thus, for example, white particles cannot be detected if they are on a white
analysis filter membrane, and very pale particles can only be partially identified (see also E.1.5). This
is not a fault or shortcoming of the light-optical system concerned but is rather due to the nature of the
detection method and its principle of function.
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Which particles are recognized in detail and how they are measured and characterized is highly
individual and depends on several factors:

transmi

and the

imaging lens (magnification and resolution);

tted light, polarization);

illumination of the image fields;

filter background (binarization threshold);

definiti
to impld
individy
homog¢
All these fac

to fully com
analyse the

9.2.3.3 Li

In order to (
strong poinf

To apply standard light-optical analysis meaningfully, the following four general requirements shj

fulfilled:

the ligh
equipm

n criteria for measuring and characterizing particles as well as the exact algorithms
ment them;

lal composition and optical characteristics of the respective particle (colour; bright]
neity, surface topography and roughness, etc.).

tors influence the result of a light-optical particle analysis. For this réason, it is only pog
pare light-optical analysis results if identical systems with identical settings are us
same type of particles.

ght-optical standard analysis

btain a good degree of comparability with different.analysis systems (which all have
s) a standard analysis is recommended for light-optical particle analysis.

[-optical analysis system fulfils the respective requirements (see section on material
bnt);

the clea

the ana
being n

the tasK

Regardless
or scanner §

the basic idea is not to~determine any conventions until image-settings and analysis processe

determined
of analysis 1

!

liness specification only considers particles 250 pm;

sis filter is well-preparediwith particles being evenly distributed and filter occup
bt too high (see Clause 8);

is performed by specially-trained skilled staff.

bf the light-optieal’system used (material microscope, stereo microscope, zoom microg
ystem with guitable illumination) and thus irrespective of the way the image is gener

The conventions aim to enable standardized analysis and thus improve the compara
esults;

type and individual design of illumination (for example bright field, dark field, reflected light,

threshold value(s) which enables the image-processing software to differentiate between particles

used

ness,

sible
bd to

their

11 be

b and

ancy

cope
ated,
5 are
hility

The applica

fion' of light-optical standard analysis alone does not guarantee the full comparabilj

ty of

analysis results from different systems. The level of comparability achieved, especially with regard to

the contami

nant particles under investigation, shall be considered individually in each case.

When changing from a light-optical analysis with different parameters to a standard analysis, the
analysis results may vary.

In some cases, it may make sense to modify the parameters of the standard analysis, e.g. if:

— theclea

nliness specification requires the analysis of particles smaller than 50 pm;

— the cleanliness specification is concerned with features and types other than those considered in
the standard analysis, e.g. specifications regarding particle material or a third particle dimension;
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— optimization is necessary or desired to in order to improve the detection of specific particles; this
can be achieved using other contrast methods and/or parameters than those stated in the standard
analysis.

These modifications shall be mutually defined and documented if intended for use to validate
cleanliness specifications in the customer-supplier relationship.

Standard analysis shall be used in cases where a cleanliness specification fulfils the criteria of the
standard analysis and provided that no other arrangements have been made within the customer-
supplier relationship.

9.2.
anal

For t
can |
with

4 Detecting, measuring and characterizing particles with the aid of Hght-optic:
ysis

he light-optical standard analysis of particles over 50 pm, several differentight-opt
e utilized, e.g. material microscope, stereo microscope, zoom microscope gr-flatbed s
reflected light illumination.

Al standard

cal systems
canner, each

As shown in Figure 7 areas of the analysis filter membrane (and thus_thé particle) are mpagnified by

an ir
came

maghification selected/set, a specific length in the analysis filter/plane is assigned the size|
(see example of micrometre scale in Figure 7). This givés an image scale in pm/pixels which is

pixel
used

To dd
shou

particles to be measured are 50 um in size, this therefore results in the necessary pixel 1

maxi

The 1
a pat
exan
dept
sized

haging lens and reproduced on a camera sensor (or line cameraZdh the case of a sg
ra sensor is made up of individual, light-sensitive elements (pixels). In this way, via t

to measure particles.

termine particle sizes sufficiently accurately, the longest dimension of a particle requip
Ild be reproduced on 10 pixels of the camera image. In a standard analysis where

mum 5 pm/pixel.

number of pixels and the size of the camera are not the only factors that determine the
ticle measurement; the optical charagteristics of the imaging lens play a more import
iple, the lens or lens setting (zopmilevel) of the microscope determines the resolving
h of field. Figure 6 gives an overview of the suitability of different lenses for analysi
particles, as well as giving iftformation on the depth of field.

The

can be measured. However; because higher degrees of magnification reduce the depth of
become difficult to depietlarge particles clearly. In cases with high resolutions and a low d

a mo
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igher the degree of maghification and resolution selected/set, the smaller the size of p

orized z-drive dan'be used to compensate for uneven features on the surface of the an
1 A higher(degree of magnification demands a larger quantity of images fields in order f
sis filter eomiprehensively. This increases the analysis time as well as the volume of data to be
ved.
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Figure 60—?%;erview of suitability of different lenses for particle analysis

D

In the same{w %stereo microscopes, zoom microscopes or macroscopes also have a zoom lens|with
variable ma g@ication. With a stereo microscope, the eyes of the observer view the sample from slightly
different angles via a common lens (parallax). This gives the sample a three-dimensional appearance
when viewed through the lens. If stereo microscopes are used for automated measurements, the beam
path for the camera should be directed in such a way so as to prevent this parallax from occurring, or it
should be corrected. With a zoom microscope, the beam path through the lens is identical for both eyes
as well as for the camera. However, with solely video zoom microscopes, there is no eyepiece at all, only
a beam path for the camera. Here, the image is viewed exclusively on a screen.

Where very small particles need to be measured (beyond the range of standard analysis), such as 5 pm
or 15 um, it may make sense not to apply the 10 pixel criterion and to reproduce such particle sizes on
5 pixels instead.
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Figure 7 - Pixel resolution of the light-optical image

der to apply the optical' method effectively to determine particle size ranges, ang
be well-preparedcwith a particle occupancy that is not too dense and with parti
apping nor touching one other (isolated cases cannot be avoided but can be correc
hal intervention).One criterion for being able to analyse an analysis filter membran
e occupancy of particles on the filter in percent. This value should be read off and dog
d for thecuser when applying the light-optical analysis method. The percentage of filte
passessdll areas of images that are considered to be particles (all types) after binaj
v). This applies not only to the particle sizes mentioned in the cleanliness specificatio

bls

\lysis filters
cles neither
ted through
e accurately
umented as
r occupancy
ization (see
h but also to

all pi

x€ls in the filter image. For further information on filter occupancy, see 8.6.

When detecting particles, the image-processing software assigns some image areas to particles and
the remaining areas to the background of the analysis filter. To do this, the brightness range of the
image is generally divided into grey values varying between black and white. In the case of particle
analysis, 256 shades of grey have become established. If the quantity of pixels in the image possessing
specific grey values is spread out over this range, a “histogram” is obtained, as shown in Figure 8.

In order to set the image brightness and thus define the shape and position of the histogram and
also set one or two threshold values, which are essential in order to differentiate between particles
and background (so-called binarization thresholds), further conventions are made to increase the
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comparability of analysis results. A differentiation is made between light microscopes with polarizers
and scanners without polarizers:

a) Light microscopes with polarizers. The light used to illuminate the analysis filter is linearly
polarized by a polarizer. Light rays reflected from the specimen are detected by the magnification
lens and directed through a second polarization filter rotated by 90° (analyser). The crossed
polarization filters make particles darker and erase reflections from metallic particles. As a
result, the particles requiring detection appear dark on a pale filter background. The brightness
of the image is then adjusted until the maximum grey value range of the filter background (the
histogram maximum) is shifted to 55 % = 5 % of the total grey value range (via the brightness of
the illumination, camera exposure time, or similar). The relevant information in the image (dark
particlefJ1s Iocated to the left of this maximum value In the form of darker grey values.

The binprization threshold is set at 70 % of the maximum grey value, see also Figure 8. Structures
to the lgft of this grey value threshold are recognized as particles.
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binarization threshold set at 70 % of the maximum grey value

FigTre 8 '— Setting the image brightness and binarization threshold for light microsgopes with

b)

polarizers

Scanners and microscopes without polarizers. As opposed to an image obtained with crossed
polarizers, an image obtained without the use of polarizers contains relevant information to the
left and right of the histogram maximum, i.e. structures of objects that are darker and brighter
than the filter background. In consequence, with scanner systems, image brightness is set so that
the histogram maximum is 50 % of the total grey value range.

To detect particles, two binarization thresholds relative to the grey value maximum are selected,
one at 70 % and the other one at 145 % (see also Figure 9). Structures located to the left of the left-
hand grey value threshold and to the right of the right-hand grey value threshold are recognized as
particles. The mid-range values of the filter background are practically “cut out”.
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60

NOTE 2 It can be necessary to modify the procedure for “joining up separated particle structures with
dilatation and erosion” described in the following paragraph and shown in Figure 10 in regard to the optical
resolution and settings that are used.

One disadvantage of this method compared to systems with crossed polarizers is that particles
with pale and dark areas are often divided up to form more than one particle because the transition
between pale and dark areas on the particle is in the brightness range of the filter background
(which is cut out). As illustrated in Figure 10, image-processing methods (dilatation and erosion)
are used to join up these areas of the particle again. In Figure 10 a) an example of a particle with
pale and dark areas is shown together with grey value transitions. After binarization, the particle
is divided into three separate sections, b). In an initial dilatation step, the originally pale areas of
the particle-are-magnified-by-onepixele—raseeondditatationsteprattareasof-thepartiele are
magnified by one pixel and the separated structures are joined together again d). As the“oyerall
contour] of the particle is now enlarged e), an erosion step reduces it in size by one pixel f)\to result
in the particle structure g), which is then measured.

NOTE 3| When applying this method to join separated particles, there is a risk thatparticles whigh are
very cloge to one another but physically separate could also be joined up, thus distorting results as far as
particle ize and quantity are concerned. Structures inside a particle may also beonnected, which, §inder
certain dircumstances, could distort the size and shape.

NOTE 4| The targeted form of illumination used by scanners may cau§e ‘reflections from the mesh
filaments to occur when analysing mesh filters, which could be recoghized as (small) bright particles.
Approprjiate methods are used to ensure that artefacts or reflections argwnot included in the particle rejsults.
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Figure 9 — Setting the brightness and binarization thresholds for light-optical microscope and
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Figure 10 — Joiningup separated particle structures with dilatation and erosion
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Particle length: the greatest p0551ble perpendlcular distance measured between two parallel

touching

d)

l1
lz

nd dilatation step, all areas of the particle are magnified by one pixel and the separated structurgs are

| standard,‘analysis can be used to determine the following particle size measurenjents

lines

The length Corresponds Wlth the worst—case damaglng potentlal" of a partlcle capable of bridging
a sensitive gap in an automotive system, e.g. contact distance between two electronic elements.
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f

Key
1 particle length

2 Keretmax

2. Particle width: the smallest possible perpendicular distance measured between two |
fouching the particle. Shown in Figure 12 in image-processing this value is known as
far as the damaging potential is concerned, it corresponds with the width of a channel,
through which a particle of this size could still pass.

Key

1 ﬁ:article width

2 eretmin

T E— ~

| —

Figure 11 — Definition of the particle length' as Feretyax

2

1

P

arallel lines
Feretmin. As
for example,

Figure 12 — Definition of particle width as Feretp,

When measuring the Feret length and width, the accuracy of the measurement depends on the
angle increments implemented on rotating the two parallel lines around the respective particle to
determine the maximum or minimum position. The angle of rotation per increment should be <5°.

Two additional particle widths that can also be measured in the standard analysis are illustrated

in Figure F.1.

3. Characterizing and measuring fibres: In any manufacturing or laboratory environment where
people are present, fibres are emitted from clothing materials and are later found in component
cleanliness analyses. Because textile fibres are usually very long but less critical to the function
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of many technical systems, it is important to separate them from compact, potentially-damaging

particle

S.

Universal, reliable separation of textile fibres and fibre-shaped potentially-damaging particles
simply using light-optical techniques is not possible.

The geo

metric criteria for characterizing a structure as a fibre are:

— elongated length/maximum inner circle diameter >20 (see Figure 13), and

— width measured via the maximum inner circle diameter <50 um.

WARNING
particles. If

Key
elongate

maximuin inner circle diameter as width of the fibre

wrong w

The len
any oth

— Hard Iibre-shaped structures which are detected as Iibres may be har

4—@—»
1

N\

N

N2 3

d length
idth measurement
Figure 13 —Characterizing fibres

bth of a fibre can be measured in two ways. Firstly, in the same way as with the leng
br particle, the length of the'fibre is expressed as Feretyax (see Figure 14).

shall be clearly documented if non textile fibres are counted as critical particles.

mful

th of

Key
1 length=
2 length=

NP

Feretmax

elongated length

Figure 14 — Measuring fibres

As opposed to other particles, (textile) fibres tend not to have a fixed shape, with the result that
their orientation, position, bends or twist on an analysis filter is generally quite haphazard.
With such an arbitrary shape, stating the length as Feretyax is less suitable for characterizing
such particles. Therefore, the length of a fibre can alternatively be expressed as the “elongated

64
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length” (see Figure 14). This length, which corresponds with an untangled, elongated fibre, can be
calculated using computational image-processing methods.

WARNING — The elongated length of a fibre should only be documented after it has been
verified and on completion of any manual correction and/or re-characterization steps. Re-
characterization, e.g. of a fibre as a particle or vice versa, is only possible if both are measured
and documented using the same size criterion.

4. eanliness, it

Characterizing metallic shiny particles (optional): When determining technical cl

may be very important to characterize metallic particles. This is partly due to the fact that metals

are key materials in the manufacture of functionally-relevant systems; they thus re

Ta]o O TOTY

on test components. Secondly, they are classified as being functionally-critical in a-Wj
dpplications because of their material properties (e.g. hardness or conductivity).

VO O O

Metal particles can only be determined with certainty by applying extended analys
Iniversal, reliable detection simply using light-optical techniques is not pessible. This is
rarying optical appearance, which depends on the metal and processing.step the meta
originate from. Consequently, the colour, brightness, surface structure,shape and hom
particle’s optical characteristics may differ significantly.

Despite this, many metallic particles display a common feature: provided the partic
not matt, oxidized or soiled with soot or other contaminants;a metallic reflection or m
pccurs. This effect can be utilized to aid characterizationt

he freely-moving electrons in the metal are responsible for the feature of metall
identify such particles, two different images are analysed and compared. One analys
put using crossed polarizers to detect all the particles present (pole image) and anot
is performed using either parallel polarizers-or no polarizers (bright image). If bright
jo or the same as the white value in the histogram) in the bright image are detected
areas that the pole image assigned to pdrticles, and if these spots are dark in the pole
particles can be classified as having almetallic shine. If the dark value selected is close
ralue of the histogram, a clear difference can be made between particles with a metall
particles with another form of shine.

For scanners or microscope.without a polarization unit, this analysis technique using

and a bright image cannotbe applied. Nevertheless, the occurrence of bright reflection
particle with a white walue close to or the same as the white value in the histogram) c
pre-characterize metallic shiny particles. However, there is a risk that particles with
f shine may be classified as being metallic shiny particles.

A number of'system requirements and parameters determine whether a particle is cHi
is being/metallic shiny during an automated analysis. At present it is still not
tandardiZe these:

type of imaging lens;

h

present the
it are found
ide range of

is methods.
due to their
lic particles
bgeneity of a

e surface is
etallic shine

ic shine. To
is is carried
her analysis
spots (close
in the same
image, such
to the black
ic shine and

h pole image
s (areas of a
be used to
other form

aracterized
possible to

degree of magnification or zoom level;
type and exact geometry of illumination;
procedure for characterizing metallic shine and exact parameter settings;

individual properties of metallic particles and individual particle orientation.

Therefore, results of the automated characterization of metallic shiny particles can only be fully

compared with one another if identical systems and identical parameter settings are
particle characteristics are identical.
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Despite its limitations, in many cases the characterization of metallic shine can be a very
practical aid. In order to be able to use it to analyse technical cleanliness and validate cleanliness
specifications, the following points need to be clarified or adhered to by the user/operator.

— Metallic particles found in components during routine inspections in a cleanliness laboratory

shall be of such a kind that they can be principally characterized as metallic shiny by the
respective system with the parameter settings used. To assess this, pre-tests using the extended

ana

lysis method may be required.

When double-checking the analysis results from each filter, it should be assessed whether the

results from the automated characterization can be visually confirmed by a skilled operator or

wh

9.2.3.5 Double-check

Even when ¢
are not too
due to optic

particle]
backgrd

particle

particle]

NOTE In|
metallic shin
shiny object.

Due to this
double-ched
divided part
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inalysis filters have been prepared well and feature a uniform distribution ofyparticleg
flose to one another (see also 8.6, E.4 and E.5), the following unavoidable-ertors may
hl/technical limitations:

s are divided up if they have areas possessing the same degree of‘brightness as the
und;

s touch or overlap one another and are classified as being & single particle;
s are wrongly characterized.
correct characterization can also occur when different types of particle overlap, e.g. if a

y particle touches a fibre. In such cases, the particleis characterized as being a coherent mg

risk of error, the results of light-optical, automated cleanliness analyses should alwa

icles again, separating particles touching one another and re-characterizing particles,

elpful during the double-checking step to re-inspect particles using a higher degr
n, a different form of illumination or another contrast method, etc., in order to v
rements and characterizations are correct. Although this is possible with light-of

bing a higher zoom level.

ve steps carried-out by the analysis system shall be documented and saved to enable
y.

aterial and equipment

a) Lighto

scanne

tical system, e.g. material microscope, zoom microscope, stereo microscope or flz

that
ccur

filter

small
tallic

’s be

ked by a skilled operator. Additionally,the analysis system should be capable of joining up

pe of
erify
tical

5, the mode of function'‘of flatbed scanners does not allow it. Here, the image can onlly be

later

tbed

featuring the components and characteristics described in 9.2.3.4.

b)

66

Reflected light illumination: when performing automated analyses, it is essential that the entire
image field is homogenously illuminated at all times irrespective of the degree of magnification
selected. The degree of illumination shall also remain constant during the entire procedure. In
order to prevent the illumination from being altered inadvertently, it should be integrated into the
light-optical analysis system. Artefacts due to reflections from the filaments of mesh filters, for
example, shall be avoided.

Any inhomogeneities occurring on illuminating the image fields can also be compensated for by
the image-processing system (shading correction with microscopes, white balance with flatbed
scanners or other brightness balance, provided no information from the image that is relevant to
the particle is altered).
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Sample holder: with automated light-optical analysis, the analysis filter shall be secured so that
it does not slip out of place when the sample stage is moved. All areas of the analysis filter and
particles contained on it shall be within the range of the depth of field of the imaging lens. This
is essential in order to obtain a good image and accurate analysis. To achieve this, the analysis
filter can be tensioned, for example (like an ear drum) or pressed flat with a glass lid. With flatbed
scanner systems, where the analysis filter is placed face down for the inspection, the filter shall be
secured with a glass lid.

If, for example, the analysis filter is inspected in a tensioning device without a lid, the environment
shall be sufficiently clean to ensure that the analysis filter is not contaminated by further particles
or fibres in the specified size range during the analysis. The tensioning device may not cover any

art of the etfective [1ter suriace.

OTE If the analysis filter is not clamped in place by a glass lid, there is a risk that large particles could
hift when the sample table is moved and be counted twice.

hen removing a glass lid used to secure an analysis filter it is probable that'particled will adhere
o the lid and be removed from the analysis filter. If the analysis filter-is then subjected to an
xtended analysis, the use of a glass lid should either be avoided, the"extended analysis be carried
ut beforehand, or the particles adhering to the lid be rinsed bagkyonto the analysig filter (on a
uction filter) with extreme care using a laboratory wash bottle.

f an analysis filter that has translucent areas, such as the‘mesh of a coarser memprane filter,
is analysed using a light-optical method, the sample Holder should be of a similarn colour and
rightness as the analysis filter itself. Otherwise thete€\is a risk that dark translucent areas will

e counted as particles. The easiest way to avoid this'problem is to place a non-trans
embrane beneath the mesh filter.

Motorized positioning unit: positioning axesiheed to be extremely accurate for t}
feasons:

1+ in an automated analysis, the effective filter surface shall be fully analysed withoi
out of place (see also F.1.2 and F(1.3);

— particles shall be reliably positioned under the lens for a manual double-check
possible with flatbed scanners because of their design).

Positioning accuracy should be in the same range as the smallest particles requiring de

In cases where the sample stage has a wider range of movement, filter mounts can be 1
lhold several analysis filters, which can then be subsequently analysed automatically i
the focal plane-over horizontal distances shall remain identical).

Lamera: the'number of pixels of the camera sensor (in the case of flatbed scanners, the
ghall becadapted to the optical resolution of the magnification lens, i.e. the 10-pixel cr

parent filter
te following
it it slipping
(this is not
tection.
ealized that

N succession

ine camera)
iterion shall

e observed for the smallest particle size to be measured.

intensity of
illumination. The camera shall be operated with defined, fixable sensitivity settings. Automatic
functions that correct the brightness shall be deactivated.

System control and image processing: the programmes used to control the system and analyse the
images shall possess the features described in 9.2.3.4.

Additional software filters for processing the analysis images, such as for enhancing contrast or
sharpen edges, may be useful for the viewer but should not be used in a light-optical standard
analysis because their influence is often not known.
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9.2.3.7 Procedure
The following procedure shall be adapted to the features of the respective light-optical analysis system.
a) Procure all resources required for the test.

b) Secure the analysis filter in the sample holder. In doing so, use tweezers to carefully remove the
analysis filter from the drying receptacle or transport container (e.g. Petri dish) and position it as
required, making sure that no particles are lost. If the analysis filter shall be secured with a glass
lid, verify the state of the lid and clean it beforehand if necessary.

NOTE Conditioning is not required if analysis filters are inspected only by light-optical analysis and not
gravimefry.

Unlike with gravimetry, filters for light-optical analysis do not need to be dried until mass'constiancy
is attaijped. The step in the desiccator is therefore not necessary. Although, in principle, wet or
moist apalysis filters can be inspected by light-optical analysis, there is a risk that reflectionf due
to humidity or changes in the image may occur as the filter dries under the micfoscope. If andlysis
on wet filters shall be done, nothing may be placed upon the filter surface (lid, frame, etc.).

c) Fix the $ample holder onto sample stage (or place the sample holder in the flatbed scanner).

d) Set all parameters including illumination (if necessary, allow for warming-up time). Paramgpters
can be det manually and/or (partially) automatically by the analysis)sSystem.

e) Where gppropriate, check that the sample holder and sample stage are levelled.
f) Asrequjired, focus the imaging lens on the surface of the aftalysis filter.
g) Perforn the automated analysis.

h) Verify the analysis results in accordance with 9.2.3.5.

i) Documgnt the results.

9.2.3.8 De¢cumentation

See Clause 1[0.

9.3 Extended analysis

With extended analysis, miethods are applied to obtain more information about particle shape (third
dimension) [and/or particte composition. For example, extended analysis methods are implemgnted
within the stope of process optimization and cause research in order to gain supplementary informption
about the origin of-patticles. Extended analyses can also be performed to better evaluate a particle’s
damaging plotential and thus determine the most suitable action to be taken should limit valugs be
exceeded. This+is because these methods provide more detailed information than standard anglysis
methods.

If extended analysis methods are to be applied to validate cleanliness specifications, this shall be
documented in the customer-supplier relationship together with detailed parameters of the method
used. The implementation of extended analysis methods may involve significantly higher costs than
those associated with standard analysis methods.

Information about physical features such as hardness, abrasiveness or other material characteristics
can only be gained using extended analysis methods. In many cases, the characteristic of metallic shine,
which can be determined in the standard analysis, may be a good indication of a metallic and thus of a
conductive particle. However, if the metallic nature of a particle needs to be determined with certainty,
extended analysis methods shall be implemented.
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In some cases the light optical analysis with modified setup can be used where suitable setting for
microscopy hardware, illumination and image analysis are chosen to capture the relevant particle
structures.

9.3.1 Further light-optical analyses

9.3.1.1 Light optical analysis (modified setup)

The aim of the light optical analysis with modified setup could be a more accurate detection and
measurement of particles e.g. with low contrast to the filter background. This includes a very rigorous

dou

Whe

and image analysis is necessary, than in the standard analysis with standard setup.

Like

q

q

\

q

NOTH
stand

The
mea

a)

b)
A

q

3 stable illumination (e.g. warming up of light source if nécessary).

le checlk afterthe automated r‘nnnfing

h performing a light optical analysis with modified setup, a more detailed knowledge.of

in the standard analysis it is very important to have:
1 well prepared analysis filter (see 8.6),
| defined illumination without uncontrolled influence of foreign light,

vell focused field of view, and

If using the light optical analysis with modified settip-the analysis results can vary from
ard analysis.

following not exhaustive list gives examples«for settings that can be used to optinj
urement.

olarized illumination etc. In some gases a special filter holder is needed e.g. for trang
see Table 6).

ackground correction is a'way to correct heterogeneous lighting on the image field.

inarization thresholding, the threshold value can be changed or an adaptive threg
e used.

microscopy

results of the

lize particle

llumination modes e.g. incident/reflected light (bright field or dark field), transmitted light,

mitted light

holding can
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Table 6 — Examples of how particles are visualized depending on the illumination mode

L. Types of particles
Ilumination » —
mode Dark particles Transparent/clear Metallic shiny” par- Fibres
p particles ticles
Incident light
90 ° cross-
polarization
Incident light
Dark field
Incident light
Bright field
Transmittefd
light
Bright field
- : X2

1) Sizing of particles:

— if necesjsary, other size definitions for park’liié'?ength and width than described in the standard
analysig can be used if agreed between @Es;

— other pjxel resolution for sizing particles than described in the standard analysis (10 Pixel per
particle) can be used e.g. if a mm@&ecise measurement is needed more pixels can be used qr for
counting 5 pum and 15 pm partie) t can be suitable to use 5 Pixels (see Figure 15).

: 1.0° | 4 3 :
N -
I I s [ I
2 TN

Key
1
2
3

minimum particle size = 10 camera pixels
pixel size
minimum particle size = 5 camera pixels

Figure 15 — Example for counting small particles with a resolution of 5 camera pixels per
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2) Image processing: For some reasons like increasing of contrast, sharpness, separating of
neighbour particles, filling of holes etc. further image treatment operations could be helpful, like:

9.3.1

In th
char

9.3.1
With

a mi

wavg

lens

The
As a

utiliz
optid
diffe

Micr
appr
prev
isad

The
said

To ag

thel

operations are performed.

consists in gap filling with outline smoothing and connection of nearby objects;

consists in removal of small artefacts with outline smoothing;

filling; it consists in filling in all holes, no matter what their size is, while preserving
of particles.

[are shall be taken, because the original image information is changed when imag

.2 Additional optical features

e extended analysis, optical features such as shape, colour and surface’texture car
hcterize particles.

.3 Particle height — Principle

this analysis method, the height of a particle is determined with the aid of the dep

length (a value of 550 nm can generally be assumed-here) and numerical apertursg
ised.

. 550
nA2

humerical aperture influences the lateral resolving power of the lens as well as its d¢
rule, the numerical aperture increases if fixed lenses with mounting degrees of magn
ed. Therefore, as magnification-increases (2,5 x -> 5 x -> 10 x -> 20 x), so also doe
al resolving power, whereas the'depth of field decreases, i.e. the range within which g
Fent heights can be clearly visualized in a plane (focal plane).

bscope systems with fiked, high-resolution lenses possess degrees of magnification
bx. 20 x (200-fold tatal-magnification at lens level) and a depth of field which is loy
bnt objects with varying heights from being visualized clearly in one focal plane. As a
ifference betweemthe upper and lower focal plane. This difference indicates an object

theoreticalaccuracy of this method depends on the numerical aperture of the lens use

Fo be 2 x<¢he depth of field.

sess height, first of all the bottom of the particle (i.e. filter background) is brought intg
[

closing (dilation followed by erosion using the same size pixel matrix for both operations); it

opening (erosion followed by dilation using the same size pixel matrix for both operations); it

the outlines

e treatment

be used to

h of field of

croscope lens (T). In simple terms, the depth of field can be expressed as the ratio etween the

(nA) of the

epth of field.
ification are
5 the lateral
tructures of

upwards of
v enough to
result, there
s height.

1 and can be

focus. Then

b1iS-iS adjusted along the z-axis until the top of the particle is in focus.

The particle height is the difference between these two focal planes, or the distance travelled by the
lens in the z-direction. It is calculated indirectly via the screw pitch and stepmotor of the z-axis (see

Figure 16).
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Key

1 steplfo
2 focal levg
3 step2fo
4 focal levg
5

In order to
positions of]
a planar ang
“protrude” i

9.3.14 M

a) Lightm

b) Lens with a numerical aperture™>0,4. This generally corresponds with a 20-fold degree of oj

magnifi
c) High-re
d) Softwar
e) Filterh

particle heightz=4 -2

Cus on the background of the analysis filter
] 21

Cus on the highest point of the particle

] Zo

Figure 16 — Principle of assessment of particle height

best use the method for assessing particlesheight via the difference between the

the filter background and the highest point of the particle, the particle should lie fl
|lysis filter. If a mesh filter is used, care(shall be taken to ensure that the particle doe
nto the pore structure as this wouldwresult in a lower height being measured.

hterial and equipment

croscope with parallel beam path.

cation (200-fold total magnification at lens level).
solution motorized fine focus (resolution in submicron range).
e to read.théefocus positions.

lder without cover.

focus
ht on
s not

tical

into

Analysis filt

eS)may not be covered with a lid after the filtration step as this could press particleg

the analysis

filter and falsify results.

9.3.1.5 Procedure

a) General analysis with a low-magnification lens, e.g. 2,5 x or 5 x (to determine two-dimensional
information about particle length, width, surface area, etc.).

b) After the scanning step, measure the height of critical particles using a lens with a higher degree of

magnifi

c¢) Thepar

cation (numerical aperture >0,4).

ticle concerned is automatically brought into focus, selected and memorized.

d) Bring the lens with the higher degree of magnification into position.
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e) Adjust the contrast to enhance particle topography.

f) Focus on the background of the analysis filter near the particle to be analysed.

g) Confirm this 1st focus position.

h) Software reads the 1st focus position.

i)  Focus on the highest point the particle.

j)  Confirm this 2nd focus position.

k) Softwarereadsthe2mdfocusposition

1) Analyse the focus positions to determine the difference in height.

m) Document difference in height in overall results.

9.3.1.6 Documentation

The type of optical system used shall be clearly documented in thefmalysis report as goom-based
systdms are not generally suitable for this analysis method.

The results obtained shall be listed in a separate table in the-analysis report. In order tp be able to
estimhate the damaging potential of the particles measured{not only the height of partigles but also
theinlength and width should be documented.

9.3.2 SEM/EDX

9.3.2.1 Principle

SEM/EDX analysis is a combined analysis technique which counts and measures particles using a scanning
electron microscope (SEM) and determings their material composition by means of energy-dispersive
X-ray spectroscopy (EDX). SEM/EDXcanalyses can also be performed manually on individpal particles
or or particles pre-selected in the light microscope if particle coordinates are transferred [to the SEM/
EDX pystem. This section of thesdocument only addresses the automated analysis of complete analysis
filterfs. By assigning particles-and their size to specific material classes (derived from thefir elemental
composition), supplementary-information can be gained about their damaging potential or origin.

As with light-optical analysis, to ensure that single critical particles are detected, the |entire filter
surfdce shall be inspected.

If us¢d for monitering purposes, in order to detect high particle counts in small particle sige channels,
only p part of the analysis filter is inspected and this value is then extrapolated to the total fiilter surface
area Howeyer, particle occupancy in the areas analysed shall be representative.

Again/~as with light-optical analysis, in order for particles to be recorded, measured and analysed

correctly, the analysis filter shall be carefully prepared to ensure that particles are isolated from one
another and do not overlap on the filter surface.

A pre-requisite for detecting and visualizing particles effectively with SEM is a good material contrast,
which is obtained due to the difference in the intensity of electrons that are back-scattered from the
various chemical elements.

IMPORTANT — Because their principles of detection are based on different contrasting methods,
it is not possible to compare the analysis results obtained from light-optical microscopy with
those from scanning electron microscopy.

Again, in the same way as with light-optical analysis, a threshold value (binarization threshold) is set
to define which image areas should be allocated to particles and which to the filter background. Due
to the different contrast ratios in SEM, the background of filters containing carbon appears dark with
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particles containing elements heavier than carbon appearing paler (the heavier the elements in the
particle, the paler they appear).

At the points on images which have been assigned to particles, an EDX-spectrum is recorded. The
energetic position of the lines in the X-ray spectrum is characteristic for the chemical element they
originate from. The analysis of the line spectrum enables the corresponding elements to be quantified.
From the results, conclusions can be drawn about the chemical composition of the particles detected.
In order to correctly characterize a particle in its totality, the electron beam of the EDX analysis may
not stop at any one spot on the particle but instead scan the full surface of the particle, as shown in

Figure 17.
1

N

Key

1 NOK: A flxed position of the electron beam is not suitable for correct particle analysis

2 OK: The plectron beam passing the entire surfaces of the particle e.g. moving'along a grid structure is required
for correct particle analysis

Figure 17 — Movement of the electron beam in EDX analysis

ctive
cally

To obtain an accurate quantitative result, it is important;that the distance specified for the respe
device is mdintained between the lower edge of the pele shoes and the surface of the sample (typ
between 10jmm and 25 mm).

As high numbers of particles are generally analysed in automated particle analysis with SEM/EDK, an

EDX analysi
the countin
the analysig

after the fully-automated analysis in prder to verify the analysis result using a longer measuring

and higher 1

Limitations
composition

The lack of
to detect or
invariably p
contain not

s time of between one and a few.seconds per particle is selected to compromise bet}
b rate of X-ray impulses needed:to identify the particle and the shortest time require
. To confirm an element analysis, it should be possible to approach single particles 3

ate of X-ray impulses’

particles are assigned a specific material class solely on the basis of their elem

material-contrast offered by the background of organic analysis filters makes it dif
banic particles. In consequence, organic substances are detected but their carbon co
revents them from being classified in more detail. An exception to this is plastics y
afily” carbon, nitrogen and oxygen but also other elements, such as halogenated pl4

. Due to the lifited energy resolution of EDX detectors, some results may be ambiguous.

veen
d for
gain
time

ental

Ficult
htent
rhich
stics

(chlorine in

NOTE

inA @ sal £1 . - intlanininhl
rve, 1uorme 1M rirej.

carbide can be measured and counted.

9.3.2.2 Material and equipment

a) Scanning electron microscope with:

By preparing samples on metal membranes, organic particles, plastics, boron nitride and boron

adjustable vacuum; the residual air molecules in the vacuum chamber cause charges in the

sample due to the electron beam to be discharged. Therefore, if low-vacuum devices are used,
samples do not require sputtering or vaporizing;
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automated x-y table;
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— mounting device to hold one or several analysis filters;
— back-scattered electron detector (BSE) to record images;
— constant beam current (<1 % fluctuation per hour).
b) X-ray detector with analysis system (EDX system) to enable element analysis

c¢) Where appropriate: particle fixative to bind particles to the analysis filter membrane and discharge
any electrostatic charges (if particles become charged, image errors may occur or particles may
“jump” due the electrostatic forces, causing them to be excluded from the analysis or counted twice).

d) Thesame requirements apply for these systems as for light-optical analysis systems with regard to
he resolving power, the option to reconstruct images and particles and the particle dimensions to
e measured.

9.3.2.3 Procedure

The following procedure shall be adapted to the features of the respective-SEM/EDX systen

[

a) here appropriate: fix particles onto the analysis filter using.a suitable particld fixative. If
ravimetric analysis is also required, the fixative may only be applied after the gravimelric analysis
as been performed.

b) Place the analysis filters in the SEM/EDX system and evacuate the chamber until a stable working
ressure is attained.

c) The z-position: set the height of the sample stage;sothat the analysis filter is located atthe working
distance specified for the system.

d) $et the acceleration voltage of the SEM to-20 kV for the element analysis (standard s¢tting). This
¢nables an X-ray spectral range for the @halysis to be used that keeps X-ray lines wel| apart from
i?e another and allows elements to be-clearly identified. In specific cases, the accelerdtion voltage
ay need to be adjusted; this shallbe’documented.

e) Thebeam currentselected forthe analysis depends on the compatibility of the sample, the counting
fate of the EDX detector and the desired analysis time per particle.

f) If necessary: warm the.cathode to stabilize the beam current.

g) $etthe brightnessand contrast of the BSE image so that all relevant elements are detefted and the
dynamic range/of the image processing system is optimally used.

h) $tart the automated analysis.

9.3.2.4 ., Documentation

See (layse 10

9.3.3 LIBS

9.3.3.1 Principle

Laser induced breakdown spectroscopy (LIBS) is a form of emission spectroscopy that enables the
elemental composition of particles to be determined. When inspecting technical cleanliness, the
material composition of particles is analysed on the filter membrane or adhesive pad on the basis of
the emission lines in the spectrum. This enables direct component analysis and, because material is
removed, an in-depth analysis of sample.

In the analysis, the lens focuses a laser pulse onto a particle. The laser pulses used have a wavelength
ranging between 331 nm and 1 064 nm. The laser pulse vaporizes the material and generates plasma.
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Depending on the system, the wavelength range inspected lies between 400 nm and 800 nm. Depending
on the measuring system implemented the resolution of the spectrum, i.e. the quantity of points per
spectrum, lies between 0,01 nm and 1 nm.

Pure metals generally emit a strong signal. The strength of the signal is mainly determined by the point
of vaporization of the material concerned. Thus, the higher the quantity of material vaporized by the
laser pulse, the stronger the signal becomes. Because elements each have a specific spectrum, metals
and inorganic materials can be clearly identified by means of a spectrum databank. Polymers and
elastomers can only be identified if they are mixed with inorganic materials (if present). If a stronger
laser pulse is used, fragments of organic molecules can be visualized, thus facilitating the classification
of polymers.

Modern sys
The quality
light throug
numerical a
20 um and §

tems are capable of analysing particles with a minimum size of approximately ‘1§ pm.
of the signal varies significantly according to the numerical aperture of the lefis and the
hput of the spectrometer. The size of the focal point of the laser is also determiried by the
perture of the lens and the quality of the laser beam. An impact crater withya'diameter of
depth of approximately 10 um is analysed per particle. The analysis timelis less than one
second. The|method is quantitative and can also be used to identify and classify alloys. Depending on
the resolutipn of the spectrum, individual constituents of an alloy may overlay\other materials ih the
spectrum and impair their identification.

9.3.3.2 Mapterial and equipment

As 47 mm or 25 mm round filters made from cellulose nitrate or.polyester mesh filters only gengrate

weak LIBS g
signals fronj

It has prove

from being moved by the impulse generated by the lasert

The main c
with a mirrg
are 331 nm

Systems with an integrated microscope ‘are capable of automated particle detection (see

microscopy]
with the las

The light is 4
analyses th
databank. T|
A successful

9.3.3.3 Py

ignals, they are therefore an ideal background for detecting specific interference-free
particles.

d useful to fix the membrane and particles with a fixative emulsion. This prevents par

rin front of the imaging camera and-the LIBS signal is decoupled. Typical laser waveler]
hnd 1 064 nm.

LIBS

Ficles

nstituent of the LIBS microscope is an-infinity-corrected microscope. A laser is coypled

1gths

light

and determine the coordinates of a particle’s centre of gravity. Particles are then ali
e focus.

b signal, processes' the spectra and compares them with the spectra contained i
he latter compares the similarity of the two spectra and weights the result as a point §
classification is assigned a point score >700 with a maximum score being 1 000.

ocedure

The operatg

ned

plit into spectra by-aygrid and recorded by a CCD (Charge coupled device). A microcomjputer

the
core.

s for

r'places the test filter in the analysis device and starts the automated analysis. Particld

analysis are selected according to their length or other parameter of shape. The operator then enters
an appropriate databank to enable automated interpretation of the spectra obtained. If the match of a
particle spectrum exceeds the score of 700 (see Figure 18), the name of the material is displayed by the
device and documented in the test report.

Some analysis systems also allow a manual double-check to be performed on completion of the
automated particle analysis. The operator can then select additional measuring points or different
focus points or choose to bombard the same point repeatedly in order to penetrate further into the
material and analyse deeper layers.

9.3.3.4 Documentation

An example of a LIBS analysis comparing the particle spectrum with a reference spectrum is shown in
Figure 18.
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1  1ed: aluminium spectrum, green: particle\spectrum

Figure 18 — Comparison of LIBS spectrum for aluminium (green) with the particle spectrum.
Match: 996 peints, quality of the spectrum: 171, laser 331 nm

For g diagram of a spectrgsgopic set up see E.3.
9.3.4 Raman spectroscopy

9.3.4.1 Principle

Rampn spectroscopy is a form of oscillation spectroscopy, which enables the structure of p particle to
be analysed. The atoms in the molecule and their arrangement relative to one another credte a specific
mat rlal f;llscl lJl ;llt.

In the analysis, a laser beam is focused onto a particle by a lens. The interaction of the matter with the
laser beam generates a signal that is recorded by a CCD camera. The signal is known as a spectrum.
Depending on the system, the wavelength range considered lies between 400 and 3 500 wave numbers.
The resolution of the spectrum, i.e. the quantity of points per spectrum, varies between 2 and 12 wave
numbers according to the system implemented.

The system is only capable of analysing molecules (pure metals do not generate a signal). Organic and
inorganic materials, provided they are Raman active, can be clearly identified by a spectrum databank
because their structure generates a specific spectrum.

The minimum size of particles for analysis depends on the factor of magnification of the analysis lens. In
principle, particles upwards of 0,5 pm can be detected. The quality of the signal is strongly influenced
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by the numerical aperture of the lens and the light throughput of the spectrometer. The size of the laser
focus point also depends on the numerical aperture and ranges between 0,5 um and 8 pm.

Typical analysis times per particle range between 30 s and 60 s. In some cases, fluorescence may be
excited by the laser beam. This could overlay the Raman signal and hamper classification.

9.3.4.2 Material and equipment

As metals do not generate a Raman signal, they form an ideal background for detecting a specific Raman
signal from a particle without any interference. Special metalized plastic mesh filters are available for
this purpose. Materials from particles upwards of 0,5 pm emit clear signals if they are prepared for

analysis on

47 mm or 2
with larger
is implemen
materials fr

The main cd
with a mir
wavelength
sample can

Systems with an integrated microscope are capable of automadted particle detection (see

microscopy]
aligned wit}

The light is
signal, procg
the similari
assigned ap

9.3.4.3 Piy

The test filtd
selected dej
are a laser (
then enters
particle spe
documented

Some analyj
automated

focus point{
respective g

such filters.

b mm round filters made from cellulose nitrate or polyester mesh filters can al§o be
particles without the need for additional sample preparation. However, if this'proce
ted, the particles should effectively screen the filter background to preventithese or
bm contributing significantly to the Raman signal.

for in front of the imaging camera and the Raman signal is«decoupled. Typical
5 are 532 nm and 785 nm. The laser output is adjustable. Durinig the Raman analysij
be observed with a digital camera.

and determine the coordinates of a particle’s centrerof gravity. The particles are
| the laser focus.

split into spectra by a grid and recorded by a, ceoled CCD. A microcomputer analyse

'y of the two spectra and weights the result as a point score. A successful classificati
oint score >700 with a maximum score being 1 000.

ocedure

ris placed in the analysis device'and starts the automated analysis. Particles for analys
ending on their length or(other parameter of shape. Standard parameters for spectrog
utput of 5 mW to 10 mW and an exposure time of 30 s to 60 s per particle. The ope
an appropriate databank to enable automated spectrum interpretation. If the match (
ctrum exceeds the score of 700, the name of the material is displayed by the devicg
in the test repert/(see Figure 19).

sis systems,.also allow a manual double-check to be performed on completion o
barticle.analysis. The operator can then select additional measuring points or diff
on the particle. In this mode, the laser output and exposure time can be adapted t
article material.

used
dure
banic

nstituent of the Raman microscope is an infinity-corrected microséope. A laser is coypled

laser
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bsses each spectrum and compares it with théspectra in the databank. The latter compares
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9.3.4.4 Documentation

An example of a Raman analysis comparing a particle spectrum with a reference spectrum is shown in

Figure 19.
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Figure 19 — Comparison of Raman spectra for polystyrene (green) with particle spectrum.
Match: 966, quality of spectrum: 101. Exposure time: 60 s, laser 785 nm, intensitly 30 %

For 4 diagram of a Raman, system, see F.3.
9.3.3 IR (infraredSpectroscopy)

9.3.3.1 Principle

If organicanolecules are bombarded with electromagnetic waves in the infrared range (wjave number
4 000 cmY to 400 cm-1 or wavelength approximately 2,5 um to 25 um), specific energies afe absorbed.
The enérgies absorbed depend on the oscillation energy/frequency of the excited groups|of atoms or
complete molecule. In the process, different forms of oscillation occur, such as stretching oscillation or
deformation oscillation. All symmetric forms of oscillation are Raman-active but not IR-active (see 9.3.4).

Fourier transform infrared spectrometers are generally utilized. These feature a shorter analysis time
and a better signal-interference ratio than dispersive spectrometers.

The resulting IR-spectrum is generally shown as a transmission graph, i.e. the ability of the excitation
beam to penetrate the sample (expressed in percent) against the reciprocal value of the wavelength
(wave number, unit cm-1).

As the energies absorbed by the structure or functional groups are dependent on the substances
contained in the sample, the method can be used to detect all functional groups present that are
infrared-active. Although individual structural elements can be identified via the absorbed energies or
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bands forming in the spectrum, a library search is usually carried out with the complete IR-spectrum

obtained.

Depending on the size of the databank used, most organic compounds or materials can be identified.
Among others, these include plastics as well as process media, such as greases and oils. In order to
identify as many unknown samples as possible, it is recommended that the existing databank be
extended by adding all the in-house operating and process media used.

The two common FT-IR technologies implemented for particle analysis are IR microscopy and the ATR

method (att

Two differe
method (att

out using a 9

ATR method

enuated total reflexion).

ATR

t ET-IR analysis fprhniqnpq are suitable for ;xnn]vcing p:\rfi(‘lpc (QPP Tahle 7)- the

bnuated total reflexion) or transmission analysis. In principle, both methods can be@a
imple IR spectrometer or an IR microscope (combined with imaging).

: The IR beam is coupled and de-coupled again via a crystal which is placed/pressed o

rried

n the

particle requiring characterization. Due to the functioning principle of the methodsinformation can

only be gain|
especially sy

Transmissid
has been pr
information|

9352 M

a) FT-IRsj

b)
‘)

d) To tran|

exampleg.

9.3.5.3 Pi

If requip

Where

ed to a penetration depth of 1 pum to 3 pm. Placing the sample is not difficult. The meth
hitable for investigating strongly-absorbent materials.

n: with this method, an IR beam passes through the particlecrequiring analysis (W
essed thin enough to enable this) and the absorption spectruim is recorded. The spe
originates from the complete particle volume.

terial and equipment

ectrometer or FT-IR microscope linked to a databatik.
ed: tweezers or needle to transfer the particleffrom the analysis filter to the analysis dg
\ppropriate: diamond pressing cell (with-transmission).

sfer individual particles from theamalysis filter, a stereo microscope can be used

h

ocedure

Table 7 — FT-IR analysis techniques for analysing particles

odis

rhich
ctral

vice.

|, for

Analysi
method

i

%\Tﬁ spectrometer

IR microscope

Val

ATR

Pick up.particle from analysis filter with twee-
zerS/meedle and place it on the ATR crystal.

Approach particle on analysis filter (ng
manual particle transfer required).

Use stamp to press particle onto ATR crystal. |ATR crystal is lowered onto/placed on

particle.

Transmissio

Pick up parh'r‘]n from ana]ycic filter wazi

part of pressing cell and make the part
thinner by pressing it.

IR microscope and perform analysis.

tweezers/needle and place it on window of
the diamond pressing cell. Apply opposing

Place pressing cell in the beam path of the

th

icle

9.3.5.4 Documentation

When documenting results, the comparison of IR-spectra is generally included in the report, i.e. the
spectrum of the sample compared with the nearest match in the databank (see Figure 20).
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Aswell as listing all the equipment used in the test, precise details of the IR-spectrometer and associated
microscope (manufacturer, model, etc.) shall be included in the report.
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X  wave number, 1/cm
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1 :F-spectrum of PET (black)

2 earest match in the database (red)

Figure 20 — IR-spectrum of PET (black, top)\and nearest match in the data library (red, bottom)

9.3.4 X-ray microtomography

9.3.4.1 Principle

With{ X-ray microtomography a finely-focused X-ray beam is used to project an imagg of the test
component into an X-ray(camera (see Figure 21). During data capture, the test componeit is rotated

step-by-step and an X-ray)image recorded at each new angle.
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Figure 21 — Principle of computer tomography

n, particles are separated from the backgrouhd and then analysed individually. I
[ only is the geometry of a particle measured3-dimensionally, but the analysis of the
bnables conclusions to be drawn about particle density. Consequently, a differentiatio}
ween lightweight and heavy materialsywhich may help to identify the origin of part
e use of X-ray microtomography does 1ot allow finely-resolved material analysis, su
pscopic methods (EDX, IR and Ranidn)).

hterial and equipment

hicro-particles, a high-resolution X-ray microtomography system is required ("micro
shall be equipped withya high-resolution X-ray camera and a micro-focus X-ray source
the focal point of the X-ray corresponds with the smallest detectable particle size. In

s of
the
grey
h can
icles.
ch as

CT").
. The

rder
analyse the complete filter in a single scan, a surface detector serves as the X-ray cam‘t:ra.

hey are fixed onto a piece of adhesive tape or polystyrene substrate. The analysis fil
rted byrolling or folding it to minimize the sample diameter. This enables a high sp
b bedachieved on the complete analysis filter.
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e. In

addition, the software shall be able to measure the particle’s dimensions of interest (length, thickness,
elongation, surface volume, bounding box, density index, etc.) from the segmentation.

9.3.6.3 Procedure

a)
b)
c)
d)

particle

X-ray sc

82

fixation/compaction of analysis filter;

an and reconstruction;

segmentation and particle analysis;

compilation of report.
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9.3.6.4 Documentation

With X-ray microtomography, it is especially important that recording parameters are documented:
X-ray energy (kV), tube current (LA), size of focal point (um), voxel size (um), material and density of
the X-ray filter, material of the density reference, if used.

9.4

Shortened analysis

9.4.1 General

Two

the gctual analysis. This enables analysis results to be obtained much faster, i.e. higheb(
components can be analysed within the same period of time. Consequently, shortened@analy

are

The fesults of the two shortened analysis methods addressed are not as detailed as those o
analysis. Therefore, they may not be used to validate cleanliness specifications unless t}
icitly arranged in the customer-supplier relationship.

9.4.2

Extin
num

ighly suitable for the purpose of process monitoring.

Liquid particle counter

.1 Principle

iction particle counters [automatic particle counters {APC)] can be utilized to classify
ber of particles presentin a liquid. These devices are not used to detect single relatively

particles, but rather to determine the occurrence of particles sized between 5 um() and ap,

70 ui

NOTH
count

The {
thein
samy

Due {
rate.
vibra
the ]
pring

n(c).
The use of um() means that particle size measurements are carried out using an autor

er which has been calibrated in accordaneeswith ISO 11171.

act that particles are detected directly in a liquid makes these devices very easy to us
implementation in a largely-automated analysis step. Continuous real time particle
le analysis can also be desighed for immediate further processing in data monitoring

o the detection principle, the test liquid has to flow through the particle sensor with a
With non-flowing samples, such as liquids contained in a beaker after extraction b

quid flows throagh tubing, as is the case when internally rinsing a component, the s
iple be conneéted up directly to the tubing.

sensor centains a capillary-shaped measuring cell, through which a beam of light i
sity of-thé beam is registered continuously by a photodetector. Any particles cont

ifl asdtflows through the cell cause the light impulse to weaken and this weakening is {

particle’s projected surface area. The geometry of the particle, such as length or wj

particle size (see Figure 22 for an example).
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an)

Key
1 particle 1]0 be measured 4  length = Feretpyax = 50 pm
2 circle with equivalent surface area 5 length = diameter = 25 pm

3 surface qrea = 490 pm?
Figure 22|— Diameter of a circle with an equivalent surface area as a measure-of particle gize

The more a|particle is shaped like a thin chip or fibre, the greater the deviation between the particle
size displayed by the particle counter and the Feretyax length determined.

Gas bubbles| or droplets of foreign liquids in the test liquid are (falsely) identified and documented as
solid particles.

If using an APC for monitoring purposes, there is no need to-detect or visualize a range of different
particle features. Furthermore, in general only (small) amgudnts of the respective extraction liquiid or
liquid samp|e are analysed. The statistical application isibased on the assumption that particlep are
distributed |fairly homogeneously in the extraction liquid and that any changes in the cleanljness
quality or de¢viations in a process will show up as an alteration in the mean particle size distributign. In
order to assgess or compare component cleanliness‘on the basis of particle concentrations measurgd in
random liquid samples, the total volume of liquid-used in the extraction procedure shall be taken into
consideratign (dilution of the particle load).

Although the analysis devices are easy 'to operate, special care shall be taken when preparing and
feeding the ¢xtraction liquid in order fo)avoid the formation of air bubbles, for example. If the maximum
concentratign is exceeded for the devite concerned, numerous counting errors will arise due to particles
overlapping|in the measuring cell (coincidence concentration). This can be avoided by diluting samples
before carrying out the analysis.

Current developments inrgomplex sample feed systems should enable the use of such devices direcfly at
the outlets of extraction-cabinets in the future; this will make it possible to analyse extraction liquid in
realtime without thé\need for manual sample preparation steps.

To calibrate|AP€sjsilica test dust in oil or spherical polystyrene particles in water are utilized.

Counting functions are verified using Hiquid samptes contaimng defimed quamntities of particies:

With the aid of tests or theoretical considerations, it is possible to assess when “sedimentation losses”
may occur. There are physical limitations to the ability of heavy, generally relatively-large particles to
be transported through sample feed lines.

9.4.2.2 Material and equipment

As well as the analysis device and corresponding sample feed unit, sealable sample containers, beakers
and filtered test liquid are required. The filtered liquid is used to condition the system before use and
determine its blank level. If particle concentrations in samples exceed the measuring range of the APC,
this liquid is also utilized to dilute the sample in a defined manner. Protective eyewear and gloves may
also be required. An ultrasonic bath can optionally be used to homogenize liquid samples and remove
any gas contained in them. Samples can also be homogenized with the aid of an automatic swilling or
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agitation unit. To keep particles in standing samples better in suspension, a stirrer should be utilized.
Magnetic stirrers are unsuitable because they bind ferromagnetic contaminant particles and exclude
them from the analysis (falsification of results).

9.4.2.3 Procedure

The sample is analysed in compliance with standards such as USP 788 or ISO 11500. When preparing
and configuring the analysis set-up, it is essential that no air bubbles are present in the sample.

Standing liquid samples:

Befo
subs
time

NOT]H
techn

Use Y
This
inter
the s

befol
cons

9.4.2

The {

— &

— date and type of the last calibration (polystyrene or ISO-MTD);

J— q

— ¢

—

—

q

—
f

dimensions like e.g. Ferétmax;

e stated;

T luciug aud}yacd, att btaudius bcuup]lcb shattbe asitatcd to huulugcuibc pat ticte—dis
bquent resting phase is then required to enable any air bubbles to rise and dissipate;
the sample should be kept homogeneous by stirring it at an appropriate speed.

Floating particles (e.g. lightweight fragments of plastic) cannot be detected with
ique.

with pressurized tubing:

method is generally used in conjunction with a functional test bench or apparatus fos
ior of components. The apparatus and procedure shall preventthe presence of any ai
ystem. To ensure this, where possible the test component-{fuel line, etc.) is “flooded’
e commencing the actual internal rinsing step. To enable/accurate analysis results
fant flow rate is usually necessary.

.4 Documentation
ollowing information shall be included:

reneral description of the analysis devicesand sample feed system;

ampling technique: sample container or direct connection to rinsing line;

xplicit remark to make it clear that the quoted particle sizes refer to equivalent sj

vhen listing absolute quantities (not concentrations), the volume of liquid actually an

tep shallbé stated;

rolume-analysed expressed in percent in cases where the sensor effectively only detect

tribution. A
at the same

this analysis
" rinsing the
r bubbles in

with liquid
a specified

zes and not

alysed shall

vhen giving itiformation about concentrations, the original volume of liquid used in thle extraction

5/analyses a

raction of the through-flow liquid;

— dilution factor for highly-concentrated samples;

— total volume of liquid analysed;

— coincidence concentration.

9.4.3 Filter-blocking (optical)

9.4.3.1 Principle

With this analysis method, particles from the flow of liquid (extraction liquid containing particles) are
deposited directly on an analysis filter that is situated in the field of view of a camera (see Figure 23).
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The pore size of the analysis filter is selected to enable only relevant particle sizes to be retained and
smaller particles to pass through the filter. The measuring cell, which is located for example at the
outlet of an extraction setup where the filter is normally clamped, is fitted with a (transmitted light)
illumination source. This provides a high degree of contrast between the particles deposited on the
filter and the filter background and assures their detection by the camera.

Further image processing and analysis steps are carried out conform to the light-optical analysis
method (binarization and particle measurement). As opposed to automated microscope systems,
instead of several image fields being combined to form an overall image, in this case only one image
field is analysed. As a result, this system does not offer the optical resolution of microscope systems but
is quite suitable for detecting largish single particles.

In each anal

the contaminant particles on the filter. The difference between the two corresponds with the
load extract

If particle og
or overlappi
load. Backw
valves or by

B W N R

ysis, two images are evaluated — one before the extraction step and one after depQ} i
a

ed from the component. q/

cupancy on the analysis filter is too high and analysis errors occur due t icles tou
ng one another, the analysis filter is backwashed to remove (the majority of) the pa

putting the analysis filter in the other way round.
l,/ 1
’ &
/ AN |

. 2
2
l l ~ ()A
’ 2 <:j\\°
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rticle

thing
rticle

ashing is performed by reversing the flow of liquid with the aid @suitable pumpg and
AN
S

directior] of@w*of liquid from extraction apparatus 5 illumination

camera c.) 6  start of the measurement
measuring cell 7  end of the measurement
analysis filter

Figure 23 — Cell for the optical analysis of the filter blockade

9.4.3.2 Material and equipment

a) Measuring cell with:

86

— camera,

— ana

lysis filter,
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— (transmitted light) illumination,
— system for backwashing the analysis filter, and
— image processing and analysis.

b) Adapter to extraction setup and return feed of test liquid.

9.4.3.3 Procedure

The following procedure shall be adapted to the features of the respective extraction device and

analvysis system

a) Record and analyse an image of the analysis filter to assess its initial state.

b) Perform the extraction procedure, including the final rinsing step. The complete extraction liquid
nd final rinsing liquid is then guided through the measuring cell and analysis filter.

c) Record and analyse an image of the analysis filter after the extraction step.

d) The difference between the two analyses equates to the particle’load extracted friom the test
¢omponent.

e) (arry out the next extraction or backwash the analysis filtéryf particle occupancy is top high.

9.4.3.4 Documentation

Particles are analysed and documented in accordance with the procedure for light-optical analysis and
grouped into the particle size classes stated in Clause 10.

10 Documentation

10.1 Overview
This|clause specifies the content.of‘the inspection documents, not the format.

Diffefrent documents are generated in the course of a cleanliness inspection (see Figure 24]. Depending
on the type of cleanliness(inspection performed, either a qualification report or an inspectjon report is
writfen.

The Qualificationseport documents the test conditions, extraction parameters and the r¢sults of the
qualification tests (declining tests), with the latter being used to determine the routing extraction
procedure and thus the related inspection specification.

The inspection report briefly lists the extraction parameters and test conditions as well a$ the results
of routine inspections. In the inspection report, only information related to the inspectiop performed
is required.

The inspection specification contains details of the extraction and analysis parameters together with a
clear and easily understandable description of the inspection procedure. The description can be written
in a summarized or full version with photos or illustrations being added if desired. The inspection
specification may include proof of the qualification or refer to a separate document, the qualification
report (for example see Annex G). Further references (e.g. supplementary agreements) are optional.

The cleanliness inspection document(s) shall contain all the information mentioned in 10.2 to 10.8 that
is necessary to reproduce the cleanliness inspection and assess the results. Further information shall
be added as required.
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Figure %Q Cleanliness inspection documents (overview and interrelations)

s

10.2 Gene ;‘?infsrmatisn

“General information” (see Figure 25) covers higher level information to aid the classification and
administration of the documents supplied.

General information

OrderNo.: v Report No.:
Customer: e Date of analysis:
Contact partner:

Test ordered: [0 Routine inspection [ Double inspection  [J Qualification test
Reason for test: [ Initial assessment [ Process control [ Modifications, constructional I

Figure 25 — General Information
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10.3 Information about the test component

The test component is described in more detail and identified clearly (see Figure 26).
information which may be useful could include:

— the material the test component is made from, and

— the presence of filmy residues on the test component.

Test component

Description: i Condition on delivery: ..o,

Parts Numaber: Testlotsize:

Batch Number: .o Controlled surface: .ocooeviiieennne Photo Photo
Date removed: AC = v cm? on delivery test piece
Time removed:  «ceeoeeemeeieminanns Ve = o cm?

Removed from: ..o Inspection specification: ........cccceeeeeene

Figure 26 — Information about the test componeént

10.4{ Information about preparatory steps

Additional

Inforjmation about preparatory steps indicates if and when supplémentary work steps are required (see

Figure 27). If no information about preparatory steps is mentigned, inspection results could
evalyated or misinterpreted.

Preparatory steps

[0 None O Isolate controlled.stfaces (e.g. sealing, masking)
[0 Disassembly [ Preclean contaminated surfaces not relevant to controlled surface
[0 Demagnetization N OO, ). SO0 OO OOV

Figure 27 —Information about preparatory steps

10.5 Information about the extraction

10.5{1 General

The yay the extraction step is performed may vary significantly according to the expertise ¢
stafflinvolved~The degree of freedom regarding the extraction step is reduced by docu
insp¢ction procedure as clearly as possible (see Figure 28). This aims to make the ext
reproducible and improve the comparability of inspection results. The number of possi

be wrongly

finspection
menting the
raction step
ble answers

should’be restricted by the use of checkboxes or dropdown lists. Because the angle or feq

d rate of an

openjetTmay fluctuate markedty during the extraction step, thisinformation s optional:
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10.5.2 Pre

Extraction

[ Test piece exclusive packaging
[ Test piece inclusive packaging

Test environment: [] Undefined
[ Controlled surface (to be specified):
[ Cleanroom Class (ISO 14644 -1) .....

Scope of extraction:

[ Pressure rinsing
[J Ultrasonics

O Internal rinsing
[ Agitation

[ Air jet
[ Air throughflow

Extraction method:

Solvent: Liquid ....coovevnnnee Duration .......ccco..... Temperature .........c.ce....
Pressure rinsing Internal rinsing Air jet
Ultrasonics Agitation Air throughflow

Final rinse, controlled surface 1

Final rinse, controlled surface 2

Manufacturer, extraction device: ..o
Model, extraction device: ...
Manufacturer, N0zzle: .........ccccceveieieieinininnnns
Type, nozzle: O Round jet [J Paralleljet
[J Flat jet RPN

Dimensions, nozzle:

[J Solvent
[J Neutral cleaner
[ Other

Test liquid:

Volume flow:

Manufacturer, extraction device:
Model, extraction device:

Manufacturer, N0Zzle: ..........ccccooveiveiieiiececeieen
Type, nozzle: O Round jet [ Pagalleljét

[ Flat jet [P

Dimensions, nozzle:

[ Solvent
[J Neutydl cleaner .
[J,0ther

Test liquid:

Volume flow:

Volume of liquid: Volume of liquid:

Duration: Duration:

Angle (test piece:jet): ° Angle (test'piece:jet): L. °
Distance (test piece : nozzle): ... mm Distanc€ftest piece : nozzle):  ..coiiiiniin mm
Nozzle motionspeed: . mm/s Ngzzle/motion speed: e mm/s

Figure 28 — Information about the extraction

sure-rinsing

Pressure-ripsing has the highest nimber of influencing parameters. Among other things, the clegning

effect of pr
following in

— nozzle ¢
— pressurg
— nozzle ¢

Additional i

90

essure-rinsing is influenced by the nozzle selected. Depending on the nozzle typd, the
formation should benoted in the section Dimensions, nozzle:

ross-section inmym for a round jet (full jet) nozzle;
p-rinsing angle in ° and equivalent nozzle cross-section in mm for a flat jet (fan-jet) nozzle;

ross-Section in mm and number of bores for a parallel jet nozzle.

hformation can be documented as shown in Figure 29.
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Pressure-rinsing

Controlled surface 1

Controlled surface 2

Manufacturer, extraction device:
Model, extraction device:

Manufacturer, nozzle: .......c.ccooeevieiiienee e

Manufacturer, extraction device:
Model, extraction device:

Manufacturer, nozzle: .........cccceveenen.

10.5

With
easy
extrd
outp
pows

10.5

Type, nozzle: OO Roundjet [ Parallel jet Type, nozzle: O Roundjet [ Parallel jet
[J Flat jet O e [J Flat jet O s

Dimensions, nozzle:  ......ccociininie Dimensions, nozzle: ...

Test liquid: OSolvent Test liquid: OSolvent .
[0 Neutral cleaner —................. O Neutral cleaner ..................
OOther L OoOther

Volume flow: Volume flow:

Volume of liquid: Volume of liquid:

Duration: Duration:

Angle (test piece : jet):
Distance (test piece : nozzle):
Nozzle motion speed:

Angle (test piece : jet):
Distance (test piece : nozzle):
Nozzle motion speed:

Figure 29 — Information about pressure-rinsing

3 Ultrasonic vibration

ultrasonic vibration, more influencing parameters aré.known than are documented| As it is not
to determine fluctuating sound pressures, pressure‘peaks and other variables, only details of the
jction parameters shown are documented (see Eigure 30). It is not sufficient to note tHe ultrasonic
it because this depends on the filling level of the-ultrasonic device. Instead, informatipn about the
r density (output per filling volume) should be given.

Ultrasonic

Controlled surface 1

Controlled surface 2

Manufacturer, extraction device: .45

Model, extraction device:

[J Solvent
[1WNeutral cleaner
N Other

Test liquid:

Filling level, US/bath:....
Filling level,.beaket:
Frequency:
Poweridénsity:
Dufation:

Manufacturer, extraction device: .......
Model, extraction device:

Test liquid: [J Solvent

[ Neutral cleaner

[J Other

Filling level, US bath: ........
Filling level, beaker:
Frequency:

Power density:
Duration:

Figure 30 — Information about ultrasonic vibration

4_‘Internal rinsing

Internal rinsing may take different forms (see Figure 31). They range from simple internal rinsing, with
the (pressure-rinsing) nozzle being applied hermetically to an opening, right up to complex internal
rinsing systems, where parameters such as direction of flow, pulsation, etc. are all adjustable.

If the test liquid flows through the controlled surface in one direction with a periodically-changing flow
rate, this is known as pulsation. The pulsation frequency is dependent on time and shall be stated.
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Internal rinsing

Controlled surface 1

Controlled surface 2

Manufacturer, extraction device: ...
Model, extraction device:

Manufacturer, NOZzle: .........ccccoveeeveviieivereeeceenns
Type, nozzle: [JRound jet [ Parallel jet
[ Flat jet I

Dimensions, nozzle:

Dimensions, adapter: ...

[J Solvent
[ Neutral cleaner .
[ Other

Test liquid:

Volume flow:

Manufacturer, extraction device: ......
Model, extraction device:

Manufacturer, N0Zzle: ..........ccooveeveeevevierieeeeeenns
[ Parallel jet
[J Flat jet O..

Type, nozzle:

Dimensions, nozzle:

Dimensions, adapter: ........

Test liquid:

Volume flow:

[0 Round jet

[ Solvent

[J Neutral cleaner ..

[ Other

10.5.5 Agit

Agitation ig
movements
documentat

The term fr
amplitude d|
fillings indid

ation

10.5.6 Air

Volume of liquid:
Duration:

Pulsation frequency:
Volume flow, max:
Volume flow, min:
Reverse flow rinse:

Volume of liquid:
Duration:

Pulsation frequency:
Volume flow, max:
Volume flow, min:
Reverse flow rinse:

Figure 31 — Information about internal rinsing

essentially a manual extraction method. The frequency and amplitude of the
can neither be fixed nor measured but shall be apptroximated as best as possible in the

ion (see Figure 32).

pquency describes the up-and-down and side-to*side movement of the test component]
escribes the distance of travel of the component during this movement, and the numHber of
ates how often the test component was (re-)filled with clean liquid during the extraction|step.

arm

The

Agitation

Controlled surface 1

Controlled surface 2

Manufacturer, extraction device: ......
Model, extraction device:

[JSolvent @ \Scvern
[0 Neutral’cleaher .
[ Other

Test liquid:

Filling volume:

Manufacturer, extraction device: ......
Model, extraction device:

Test liquid:

Filling volume:

[ Solvent

[0 Neutral cleaner ..,

[J Other

Frequency: Frequency:
Amplitude: Amplitude:
Duration: Duration:
No. of fillings: No. of fillings:
Figure 32 — Information about agitation
et.éxtraction

Air jet extraction is the same as pressure-rinsing except for the fact that air is used instead of a test
liquid (see Figure 33).

92
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Air jet extraction

Controlled surface 1

Controlled surface 2

Manufacturer, extraction device:
Model, extraction device:

Manufacturer, nozzle:

Type, nozzle: O Roundjet [ Parallel jet

[J Flat jet O e
Dimensions, N0zzle: ...
Pressure: L bar
Duration: min

Angle (test piece : jet):

Manufacturer, extraction device:
Model, extraction device:

Manufacturer, nozzle:

Type, nozzle: [JRoundjet [ Parallel jet

[J Flat jet O
Dimensions, N0Zzle: ..o
Pressure: bar
Duration: min

Angle (test piece : jet):

Distance (test piece : nozzle):
Nozzle motion speed:

Distance (test piece : nozzle):
Nozzle motion speed:

Figure 33 — Information about air jet extraction

10.5|7 Air through-flow extraction

Air through-flow extraction is the same as rinsing except for the fact that air is used inst
liquid (see Figure 34).

Air throughflow extraction

Controlled surface 1 Controlledsurface 2

Manufacturer, extraction device: Mahufacturer, extraction device:

Model, extraction device: Model, extraction device:

Manufacturer, N0zzle: .........ccoiviiiciieniii i
Type, nozzle: O Roundjet [J Paralleljet
[J Flat jet 0.

O Roundjet [ Paralleljet
[0 Flat jet 0O.

Type, nozzle:

Dimensions, nozzle: Dimensions, nozzle:

Dimensions, adapter: ...t b i, Dimensions, adapter: ...

Pressure: Pressure:

Duration: Duration:

Pulsation frequency: Pulsation frequency:

Volume flow, max: Volume flow, max:
Volume flow, min:

Reverse flow rinse:

Volume flow, min;
Reverse flow rinse:

Figure 34 — Information about air through-flow extraction

10.4 Information about filtration

As wielllas documenting the actual filtration details, information about drying and any po

pad of a test

pt-treatment

steps should also be noted (see Figure 35).
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10.7 Infor

10.7.1 Gen

Details and
performed i
the same w4

10.7.2 Standard analysis

10.7.2.1 Gi
Among oth

temperaturg
gravimetric

10.7.2.2 Li

Filtration
Filter 1 Filter 2 Filter 3
Manufacturer: .........coovieevnnns Manufacturer: .........occoveeernens Manufacturer: .........coeeceeeinns
Type: Type: Type:
Filter material:. Filter material:. Filter material:.
Diameter: ... Diameter: Diameter: ...
Poresize: ... Pore size: Poresize: ..
Drying Pre-conditioning
Devices: [J None (environment) O Yes O No

[ Drying cabinet

[ Desiccator Post -treatment
Temperature: ..o s °C Liquid OSolvent ..
DUFAtion: oot min [ Neutral cleaner

[J Other
Volume of liquid: oo 1

Figure 35 — Information about analysis filtration

mation about the analysis

eral

settings of the analysis system are documented. If‘the extraction step and analysi
n different places or different room qualities, the tést environment shall be document]
y as shown in 10.5.

avimetric analysis

br things, the weighing result-of a gravimetric analysis is dependent on the
. If this is not documented.anywhere else, the room temperature should be noted i

analysis (see Figure 36).
Gravimetry
Manufacturer: ... . S Date of last calibration:..........ccocveviiirieiciiis s
Model: N Resolution of balance: [0+ 0,1mg [+0,01mg [O%0,001 mg

Figure 36 — Information about balance for gravimetric analysis

5 are
ed in

foom
h the

pht-optical analysis

Light-optical devices can be calibrated using particle standards. The date of the last calibration shall be
documented. The scale shall be stated as the magnification per pixel in [um/pixel] (see Figure 37).

94

Light optical analysis

Particle standard:
Date of last check:

Manufacturer: ..o s
Model:

Pixel resolution:
Analysis diameter:
Brightness:
Threshold value:

Figure 37 — Information about light optical analysis
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10.7.3 Extended analysis (informative)

Information about extended analyses may vary depending on the analysis system utilized. An example
of information about a scanning electron microscope with EDX detector is shown in Figure 38.

Scanning Electron Microscopy / Energy Dispersive X-ray spectroscopy (SEM / EDX)

Manufacturer: .. .. Particlestandard: ..o
Model: .. Date of last check: TSSO
Acceleration voltage: TP PP TSP .keV
Analysis diameter: PO T TSR mm
WOTKING dISEANCE: e bbb s et ettt i mm
Process: [ Automated [] Manual

Figure 38 — Information about SEM/EDX for extended analysis

10.7{4 Shortened analysis (informative)

The |nformation shown in Figure 39 regarding a shortened analysisrefers to an automptic particle
couner.

Optical particle counter (OPC)

Manufacturer: ..........oeooeneenneeneeeeseeees Coincidence limit: € /.
Model: Date of last calibrationi. ... ...ccooooevieiiieeiiiii i
Calibration materfal; ...

Extraction liquid: .o A ..ml
Dilution factor: RT3 NPT,
Measuring FD L= a7z ) AP NPT min 1
Nominal volume fIow: .......coccviiiiiiiiiiiiiion i ml/min
DEtECtION VOIUINE: oottt st e s st e s s st st s b s s b s s s s s ml

Figure 39 — Information about optical particle counter for shortened analysis

10.8 Reporting of the inspection results

10.8{1 General
Information about cléanliness values shall be related to one of the following units of reference:
— number of eomponents tested n = [1];

— ettedssurface area of test component Ac = [cmZ];

— efted volume of test component V¢ = [cm3].

10.8.2 Gravimetric analysis

The result of a gravimetric analysis is the residue mass m = my - mj, with the last digit being
mathematically rounded. The masses my and mp are read off using the resolving capacity of the
weighing balance. The resulting particle mass m, which is calculated from the difference between the
residue mass and the unit of reference, shall be documented.

Mass related to number of components tested

m | mg
mc:?{T}

The unit used is mg per (n) component(s).
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Mass related to controlled surface

mx1 000_[ mg ]

mpy
Ac 1000 cm?

Mass related to controlled volume

iy = <100 :[ mg }

Ve 100 cm?

10.8.3 LigaTt-optlcal analysis

Light-opticall systems determine the length and/or width of individual particles. The particles arg also
classified info a specified length or width interval (or size class).

Length/width intervals other than the size classes listed in Table 8 should onlyhe,documented if
absolutely nlecessary, e.g. 100 pm < x < 200 pm, 200 pm < x < 300 pm, etc. (added effort).

The size clagses now include letters L, M and N (see Table 8)

Table 8 — (Particle) size classes

Size class Size x [um]
B 5<x<15
C 15<x<25
D 25<x<50
E 50 <x<100
F 100 <x.< 150
G 150.<s% <200
H 200 <x <400
| 400<x<600
] 600<x<1000
K 1000<x<1500
L 1500<x<2000
M 2000<x<3000
N 3000<x

The particle size distribution shall include information about the unit of reference. The normed pafticle
count H is obtained-from the ratio between the absolute particle count h and the unit of reference.

Particle co11nt related to the number of components tested

h

Hc:;:m

The unit used is particles per (n) component(s).

EXAMPLE A test lot of 4 components is inspected (n = 4) and 13 particles in Size Class G (150 < x < 200 um)
are detected (h = 13). This gives the normed particle count H. = 13/4 = 3,25. Rounding to at least one position
after the decimal point finally results in H; = 3,3.
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Particle count related to controlled surface

g <1000 1
A= -
Ac 1000 cm?

The unit used is particles per 1 000 cm?2.

If, for example, 89 particles are counted in Size Class H (200 um < x < 400 um) for a component with a
controlled surface of Ac = 263 cm2, on implementing the equation this gives the normed particle count
Hp = 338,4 rounded to at least one position after the decimal point.

Partjcle countrelated to wetted volume

hx100 1
Ve 100 cm

—

If, fof example, 2 particles in Size Class K (1 000 um < x <1 500 pm) are counted for a component with
a wefted volume of V¢ = 320 cm3, on implementing the equation, this giyes the normed p3rticle count
Hp =10,6 rounded to at least one position after the decimal point.

For dach unit of reference, particle counts are entered directly into the appropriate boxes in the report
(see Figure 40). When norming, the resulting comma positionsiean often be mathematicglly rounded
to orle digit after the decimal comma. The specification of one)position after the decimal comma takes
outliprs into account which occur when limit value requirements are made for higher siz¢ classes and
smaller absolute particle quantities.

If nofunit of reference is stated, the information or blank level calculation always refers to the test lot.

Information about categories of particles (i.e. fibbes, “metallic shiny”, etc.) is also added. The physical
effedfts of reflected light are used to characterize particles more precisely. This enables a differentiation
to b¢ made between the category “metallic’shiny” and “not (metallic) shiny” particles,|and can be
docujmented. Categories of particles to bé'counted should be agreed between parties. Hopever, light-
optidal systems do not allow particles to be categorized as soft or hard, electrically condugtive or non-
condluctive, or magnetic or non-magnetic.

NOTH Metal particles can only)be determined with certainty by applying extended analysis mdthods.
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Inspection results

Particle size distribution according to categories

Particle count per 1 000 cm?

B C D E F G H 1 ] K L M N
Length, Feret,. [um] 5 |15 | 25 | 50 | 100 | 150 | 200 | 400 | 600 {1 000[L 5002 0003 000
Sx<[Sx<[sx<[sx<|sx<|SXx<[sx<|sx<|sx<|sx<[sx<|sx<| <X
15 [ 25 [ 50 [100]150 200|400 | 600 1 000[1 5002 0003 000
2 [All particles excluding fibres
E)D Metallic shiny particles
S Fibres
Particle count per 1 000 cm?
B C D E F G H | ] K L M N
Length, Feret,,;, [um] 5 15 | 25 | 50 | 100|150 | 200 [ 400 | 600 {1 000j1 500/2 000[3 000
SX<[SX<[SXx<[SXx<|SX<|SX<[sx<|sx<|SXx<|SX<[Sx<|S X< X
15| 25 | 50 | 100|150 | 200 | 400 | 600 |1 000|1 5002 000[3 000
2 [All particles excluding fibres
E}’ Metallic shiny particles
S Fibres

mage series

Second largest
particle

Largest
particle

Largest
metallic shiny
particle

Second largest
metallic shiny

Largest
fibre,
particle

'\
0N
W\ |

Overview
picture incl.
filter
occupancy
[%]

Second largest
fibre

Figure 40 — Documentation of inspection results regarding particle size distribution

Documentation of the largest particle respectively particle images shall be included. The report

shall

include an operview picture of the entire analysis filter and should include the value of filter occuppancy.

Images of t

e longest or widest particlelin all specified categories shall be recorded with the image-

processing poftware of the light-optical system in order to be able to better assess the damaging

potential of particles. There is no fixed minimum number of images to be recorded in each categoryy.

Documentafion of particle sizedistributions determined by shortened analysis with optical pa

counter is shown in Figure42Z.

10.8.4 Extended analysis

The way ingpection results are presented depends on the method selected. In the case of as SEM
example, information about a material class can also be documented (see Figure 41).

analysis, for

"ticle

EDX

98
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Inspection results

Particle size distribution according to material classes

Particle count per 1 000 cm?
C D E F G H I J K L M | N

Length, Ferety,, [pm] 5 | 15 | 25 | 50 | 100 | 150 | 200 | 400 | 600 |1 000|1 500|2 000[3 000,
SX<[sx<[fx<|SXx<[Ex<[Sx<|Sx<|Sx<[Sx<|Ssx<|Sx<|gsx<[=x

15 [ 25 | 50 | 100 | 150 | 200 | 400 | 600 |1 000(1 500[2 000|3 000

Steel, high-alloy
Steel, non-alloyed

Brass

C.
Pr

Aluminium
Lead
Mineral

Material dlass

Glass mineral fibre

Image series

A Second largest

mineral glass
fibre

'
¥

Second largest ' Largest
particle ¥ mineral glass
copper fibre

Second largest Largest
particle particle
steel copper

Largest
particle
steel

Figure 41 — Documentation of inspection¥esults regarding material class¢s

10.8{5 Shortened analysis

Inspection results

Particle size distribution

Particle count per 1 000 cm?
B C D E F G H I ] K L M N
Equivalent length [jum] 5 15 | 25 50 | 100 | 150 | 200 | 400 | 600 |1 000|1 500{2 000|3 00

SXS<|EXS<[EX<|ISX<|[EX<[EX<|SX<[EX<|[EX<|SX<|SX<[gx<|=X

15 | 25 | 50 | 100 [ 150 | 200 | 400 | 600 |1 000|1 500[2 000(3 000

Figure42 — Documentation of particle size distribution in case of shortened analysis

10.8|6_0ptional coding (informative)

This clause deals with the optional coding of particle size distributions with the intention of abbreviating
cleanliness values of automotive parts. Coding can only be used for particle size distributions. If not
otherwise indicated the code refers to the particle length Feretpnax and the category "all particles
excluding fibres".

NOTE Different coding systems are used for cleanliness measurement in different standards (e.g. hydraulic
industry).

Component Cleanliness Code

Coding is used to assign the particle count to a cleanliness level, see Table 9.
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The component cleanliness code is noted as follows:

C16/D18/..)

CCC=

Unit of
reference class

20
——

level

Size Contamination Separator

The unit of reference states whether the particle count is related to:

— 1000 cm? controlled surface of the test component (marked A),

— 100 cm3 controlled volume of the test component (marked V) or,

— 1 component (marked N).

See Table 8

100

hnd Table 9 for cleanliness levels.

Table 9 — Particle concentration classes

Cleanliness Particle count
level (per 1 000 cm2 or 100 cm3)
up to including
00 0 )
0 1
1 EDES)
2 4
3 g N
4 16
5 82
6 64
7 \O 130
8 250
9 > 500
10 1x103
11 (] 2x 103
12 4 %103
3’ 8 x 103

14 16 x 103

NV 15 32 x 103
16 64 x 103
17 130 x 103
18 250 x 103
19 500 x 103
20 1x106
21 2 x 106
22 4 x 106
23 8 x 106
24 16 x 106
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Simplified ways of writing component cleanliness codes

The following particle size distribution is documented (see Table 10):

Table 10 — Example of documentation of a particle size distribution

Size class
B | ¢ | p|E|]F ||| U] ] x | L | M| N
Particle count per 1 000 cm?2 (x = particle size in pm)
5 15 25 | 50 | 100 | 150 | 200 | 400 | 600 | 1000 | 1500 | 2600 | 3000

<Xx< <Xx< <X< <x< <Xx< <Xx< <Xx< <Xx< <Xx< <Xx< <Xx< < X< <X

15 25 50 | 100 | 150 | 200 | 400 | 600 | 1000 | 1500 | 2000)}"3 000

634{981 | 49735 | 3679 | 938 | 502 | 394 | 48 7 5 2 1 1 0
Cleanliness level
20 | 16 |12 [1w0]1w0] 9| 6 | 3| 3 | '] o | o | oo

As particle counts are expressed in a normed way, they can be read ‘ef‘as a cleanliness l¢vel directly

from| Table 9 resulting in the following component cleanliness code:

'CC = A(B20/C16/D12/E10/F10/G9/H6/13/J3/K1/L0/M0/K00)

If indiividual size classes do not need to be stated, e.g. if no*specification or analysis resylt exists for

theseg size classes, they are omitted in the CCC:

[CC=A(D12/E10/F10/G9/H6/13/]2/K1/L0/M0)
If thd
[CC =A(B20/C16/D12/EF10/G9/H6/13/¥2/K1/LM0/N/00)

In thjis case the maximum count for size class E is 1 x 103. The maximum count for size cl
limited to 1 x 103. The maximum count for size class L is limited to 1 as well as the maximu

size ¢lass M are restricted to 1.

The
exanple, see Table 11).

cleanliness levels of neighbouring size classes are identical, this can be abbreviated t¢:

bituation changes if several different size classes are combined to form a larger size

Tabley11 — Example of documentation of a particle size distribution

ass F is also
m counts in

nterval (for

Size class
Bl D E F G | H | I ] | K-N
Particle count per 1 000 cm2 (x = particle size in pm)
b 50 100 150 200 400 600 1000
<x< <x< <x< <x< <x< <x< <x< <x
50 100 150 200 400 600 1000
721507 14 688 873 361 56 12 4 1
Cleanliness level
20 | 14 | 10 | 9 | 6 4 2 0

The corresponding simplified code is then expressed as follows:
CCC=A(B-D20/E14/F10/G9/H6/14/]2/K - NO)

Exceptional case, unit of reference N

The CCC per component may only be stated if it refers to exactly one component. Cleanliness levels may
not be used for this unit of reference; therefore, the particle count is adopted from the particle size
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distribution in a non-encoded form. Particle counts with a position after the decimal point shall be

rounded.

CCC=N

(B755840/C43720/D36791/E938/F502/G394/H48/17/]5/K2/L1/M1/N0)

10.9 Description of content of the various documents

10.9.1 Inspection specification

The inspection specification is the main document of the cleanliness inspection. It is written after the

tests have been completed and once inspection parameters have been derived fo

the

qualificatio

routine insp
a) general
b) informd
c) informg
d) informg
e) informg
f) informd

The inspect|
to an indeps

The inspect
[llustrations
becomes m
point-by-poi

The inspect
the time, pl:
Annex G (se

ection. The inspection specification comprises:
information,

tion about the test component,

tion about preparatory steps (detailed),

tion about extraction (detailed),

tion about filtration, and

tion about analysis.

jon specification may contain additional informatiomabout the qualification tests or
ndent document (the qualification report).

ion specification contains a clearly understandable description of the test proce
or photos are a helpful supplement to the“description. In general, as the test proce
re complex, the more detailed the description should be. With simple test procedut
nt description is sufficient.

jon specification shall enable the-cleanliness inspection to be performed independen
ice and inspecting member of staff. An example of an inspection specification is shoy
e Figure G.1, Figure G.2 and:Figure G.3).

No inspecti

be included
entry exists

10.9.2 Quag

The first dd
and inspect

refer

dure.
dure
es, a

ly of
vn in

bn results are documented in the inspection specification except for the results of the
qualification tests if no qualification report is available. Cleanliness requirements or limit values
in an inspection spevification if no separate cleanliness specification document or drawing

lification.réport

may

cument prepared is the qualification report. Without the qualification of test conditions

on’parameters, there can be no inspection specification and thus no inspection report

qualification report comprises:

. The

a)
b)
‘)
d)
€)
f)
g)

general

102

information,

information about the test component,
information about preparatory steps,
information about extraction,
information about filtration,
information about analysis,

results of the declining test,
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h) verification of the blank level, and
i) information on routine inspection conditions and inspection parameters.

The qualification report contains a graph of the declining test and information about routine inspection
conditions and parameters. As an option, the results of a subsequent double inspection can also be
included.

The routine inspection conditions and parameters derived from the declining test, which are contained
in the qualification report, are also included in the inspection specification and inspection report.
The origin of the routine inspection conditions and parameters remains transparent because of the
mandataory reference to the inspection cpprifir‘nfirm The reference is not necessary if all the required

information about the qualification tests is included in the inspection specification (see list{above).

10.9}3 Inspection report

The Inspection report is the last document written. A routine inspection can'only be performed once
qualified test conditions and parameters have been determined. All settings dnd results are locumented
briefly and clearly in the inspection report. The inspection report comprises:

a) general information,

b) information about the test component,
c) information about preparatory steps,
d) information about extraction,

e) information about filtration,

f) information about analysis, and

g) Ttesults of the routine inspection.

The most important part of the inspection report is the results. With recurrent routine finspections,
thesg are the only things that change and all other information remains identical.

To enisure that the procedure-tised for determination of the test conditions and parameterg is clear, the
insp¢ction report shall contain a reference to the inspection specification. This may be of particular
interest if the declining test'was not successful — i.e. in the event of an exceptional case — pnd in cases
whetfe no qualified inspection parameters exist.

Provjided that they?have been archived or saved, itis not necessary to include the inspection gpecification
and qualificatiowreport when handing over the inspection report.

11 Handling components cleanly

11.1 Principles

Technical cleanliness is not a constant feature of a component but rather a temporary condition that
is influenced by multiple external factors. It should therefore be stipulated in the customer-supplier
relationship when and where a cleanliness specification shall be performed (for example, after cleaning,
on arrival at the assembly line or at another point in the process chain).

Therefore, the cleanliness state of a test component may not be altered between its removal from the
designated point in the production chain and its arrival at the laboratory for a cleanliness inspection.

In order for test components to be received in a representative state, procedures and conditions shall be
rigidly upheld from the point of removal up to the point of arrival at the testing facility. This also applies
to deviations from serial conditions when transporting a test component to the test location (such as
the use of different packaging or a different transport pathway). As it is essential that test components
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are handled in a clean manner and the reason, workers contributing to cleanliness inspections shall be
appropriately trained and instructed.

The following factors may influence the state of cleanliness of the test component on its removal from

the process

packagi

transpo

chain:

handling;

ng;

rt;

storage

preparg

In cases w
cleanliness
plastic bag.

11.2 Selec

11.2.1 Staff

Responsibil
its return, s

Members of

11.2.2 Pac]

Packaging s
cleanliness

resistar
type an

enviro
cleanli

Foils and b4
packaging).

s

environmental conditions;

tory steps before the test (e.g. inserting plugs, disassembly or affixing mounts):

here tested components are returned to the production line or re:tised, approp
regulations may be required, e.g. treatment with an anti-corrosive orthe use of an un

ted measures and recommendations

ties regarding the complete inspection process, from removal of the test component
hall be defined.

staff involved in the inspection shall be instructed how to handle test components cle

kaging

hall be designed so that the test’component is appropriately protected in accordance
‘equirements, e.g. regarding;:

ce to abrasion, particle emission from the component, leakproofness and electrostatig
H duration of transpdrt, handling and storage;

ental conditions ‘(e.g. climatic fluctuations) between the time of manufacture an
s inspection:

1gs that are in direct contact with the test object shall be clean and unused (dispo

riate
used

until

hinly.

with

(2

] the

sable

Cardbeard is not suitable as a direct means of packaging for test components becayse it
generates largequantities of particles.

LS ging H ipcte gpma nlasnd s r s Ao ol 211 L laognad bafog o)
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Reusable pa

The same applies for closures. They may not cause any mechanical damage to the test component. Self-
cutting closures may not be utilized.

If several components are placed together loose in a packaging unit, there is a risk of them striking/
abrading against each other during transport (material abrasion) and causing particles to detach. This
shall be avoided.

11.2.3 Storage and transport

The following general requirements apply:

104

shortest possible pathways;
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shortest possible lengths of time;
minimum vibration;
components protected against damage inside the packaging;

packaging protected against damage;

where applicable, additional protection from wetness, humidity and fluctuations in temperature.

It is recommended that outer packaging and storage areas intended for test components are
specially marked.

11.2

The
cutti
obje(

Obje
the ¢

The
depe

components. Separate clean areas are required for highly-sensitive inspections (e.g. clean v

The s
instg
may
refle

11.3

11.3

If dis
its s
recol

4 Facilities for inspecting cleanliness

est environment shall be completely separate from areas where contamination is ge
ng or welding processes. Compressed air may not be used in the inspection area {
ts as this could spread contamination.

cts shall be handled and, if required, disassembled under environmental conditions cg
leanliness requirements.

methods used to clean floors, equipment and workplaces and the frequency of cleanir
nd on the contamination levels concerned and on the cleanliness requirements of th

llation of clean air technology to create a defined-air cleanliness class according to
not be required. It is only important that the blank level is reliably attained because t
ct possible environmental influences.

Exclusion from an inspection — mvalid inspection

1 Deviations from required state on delivery

crepancies regarding the-test component or its packaging are noticed, which may h
fate of cleanliness, the“inSpection may not be performed. The following further
mmended:

|

Typi
matg

0
I—:form all pegplé involved in the inspection order;

cument the discrepancy or deviation from the means of packaging specified;

abel the.component and proceed with relevant instructions, e.g. return or scrap it.

cal/exclusion criteria include the absence of or damaged inner packaging, unsuitabl

herated, e.g.
o clean/dry

nforming to

g processes
P respective
vorkbench).

uitability of the test environment is not necessarily, dependent on a (specific) cleanroom class. The

SO 14644-1
his may also

hve affected
actions are

e packaging
e.g. wood

ridls, humidity, corrosion, component damage, visible foreign contamination,

chippings, etc.

If a componentis inspected despite such discrepancies, this shall be documented in the inspection report.

11.3.

2 Deviations and errors in the inspection procedure

Any deviations or anomaly occurring during the actual cleanliness inspection shall be documented in
the inspection report.

If there is a possibility that results may have been falsified, the determination of cleanliness values is
meaningless and their documentation in the report not permitted.
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The test component concerned is rejected and not suitable for a renewed inspection. Instead of
documenting cleanliness values in the respective report, the term “inspection error” is written, possibly
with an explanation or justification of the error.

12 Designation

If an inspection of technical cleanliness has been carried out in accordance with this document, the
following reference is made in such documents as product drawings, catalogues, specifications, and

reports:

"standard cl
parameters

within the stope of the customer-supplier relationship;

ade

“extended cleanliness inspection according to ISO 16232” in cases where more detailed analysis methods

have been d
supplier rel

“shortened (

efined, implemented, parameterized and documented within the scope‘f-the custgmer-
ationship, or in the event that modified or extended standard analy$is method§ are
implementef, which have also been agreed upon and documented;

leanliness inspection according to ISO 16232” in cases where shortened analysis methods

are implem¢nted and whose application, parameterization and documentation are defined withiph the

scope the cy

stomer-supplier relationship.
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Annex A
(informative)

Selecting contamination extraction and analysis proced

A.1 Test fluid

A.l.

The

thein

ures

I Liquid extraction

majority of functionally-relevant automotive components come into contact with f

include:

For

is re
betw

¢ooling lubricants,
preservatives,

yashing fluids/cleaning agents,
joining aids, and
operating fluids.

i1l components coming into contact with these fluids, an extraction procedure w
rommended. The primary task of the test\liquid is to overcome the adhesive force
een the particles and the component. Tests are performed to determine which liquid i

for detaching the contaminants without damaging the component surface. Table D.1 giv

over

yiew. It can be seen here that the majority of process fluids used in production can be r¢g

the afid of two groups of test liquids: tensidic aqueous neutral cleaning liquids and non-polaj

the d
envij
For 1

ase of the latter, particular care should be taken with regard to work safety and prot
onment (odourless isoparaffins, which are non-combustible at room temperature, arej
hore information, see Anmnex K.

Recommendations for selecting the test liquid:

a)

b)

[heck whetheraqueous neutral test liquids containing tensides are suitable: they can
sed to remoye-dqueous emulsions of cooling lubricants, animal and vegetable greases
Iso amine-based anti-corrosives (ensure they do not foam).

f they.cannot be used for any reason, check whether non-polar solvents such as thos
bove ‘can be utilized. They are especially suited for removing mineral oil-based luf

uids during

manufacture or later operation. Capable of binding or detaching particles;examples of such fluids

ith a liquid
s prevailing
b best suited
bs a general
moved with
solvents. In
bction of the
preferable).

senerally be

and oils and

e described
ricants and

nti‘corrosives.

c) Should neither of the above be suitable, a special cleaning medium should be selected, e.g. ethanol

(polar solvent) to clean brake components before their analysis.

The compatibility of test liquid and component material is a prerequisite to prevent damage of the
component material and related falsification of test results (see Table D.2).

In cases where steel components are returned to the production line after a cleanliness inspection, they
generally need to be treated with an anti-corrosive (applied with cleaning medium or separately after
extraction).
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A.1.2 Air extraction

Some components requiring a cleanliness inspection do not come into contact with liquids during
their manufacture or subsequent operation (e.g. engine air intake components). Also, some materials
are damaged if they come into contact with liquids, such as air filters, or paper and cardboard used
in packaging materials, which may also influence cleanliness. If particles can be removed from
such components without the need for a chemical solvent, an extraction procedure using air can be

performed.

A.2 Temperature

Test fluids s
heating timg

A.3 Mech

A.3.1 Gen

Especially W
major role. (

— They d¢g
cleaning

They reg
only sli
weak m|

This third
points — “S
parameters

hould be used at room temperature to minimize inspection costs and efforts (safety, conllfort,

s, energy costs, etc.). In exceptional cases, a different temperature may be required.

janisms

eral

fhen removing particles, the use of mechanical forces to assist’cleaning processes pl
[leaning mechanisms usually function in two ways.

tach firmly-adhering contaminants with the aid of strorg mechanical forces, i.e. the a
r task.

move the detached particles that may have startéd to re-sediment and are now adh
bhtly (to the surface of the component or extraction equipment) with the aid of relat

chanical forces, i.e. a rinsing process.

step to be considered when selecting~the extraction method is made up of two
electing cleaning mechanisms”, i.e. the ‘extraction method itself, and “Cleaning mecha
,i.e. deriving parameters (flow rate, ultrasonic output, etc.) for the extraction.

The selecti]tg of the cleaning mechanism_ is essentially determined by the size and geomet

the compo

components
extraction n
and Table A/

nt as well as the locationsef*the controlled surfaces (internal or external surfaces].

with several functional surfaces that may have varying cleanliness specifications, diff
nethods may be used to‘inspect the respective areas of the same component (see Figur
1).

A.3.2 Liquid extraction

Four differe
vibration, in

Pressure-r

nt extractign methods can be utilized for liquid extraction — pressure-rinsing, ultra
ternalrinsing and agitation (for examples see Figure A.1 and Table A.1).

nsing: pressure-rinsing with spray nozzles is suitable for directly accessible surfaces

large areas

that can he cleaned with parallel jet nozzles or fan nozzles Internal surfaces or ext

hy's a

ctual

Pring
ively

sub-
[nism

'y of
For
brent
e A1

sonic

with
brnal

areas that are difficult to access can only be cleaned to a certain extent with nozzles. For geometries
that cannot be accessed directly with a spray jet, spray lances with a small diameter may be useful, e.g.
inserted into blind holes.

Advantages:

Disad

108

Highly universal application, can be adapted to many extraction tasks.

vantages: Detached particles are distributed over a large area — costly final rinsing

step

required, the large wetted surface areas of the extraction equipment make it

more difficult to attain low blank levels, high operator influence due to lar
manual procedure.

gely
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NOTE1 In some cases spray nozzles can also be used for internal extraction by inserting them into the
ends of tubing, borings and pipe apertures with small diameters, for example. However, this only applies for
the extraction method “internal rinsing”, where the spray nozzle merely functions as an adapter to connect the
rinsing line to the component.

Ultrasonic vibration: ultrasonic baths, into which components are completely immersed, are used to
clean objects with simple external geometries. With this extraction method, which is especially suitable
for small bulk goods, components are either placed in ultrasonic-permeable baskets in baths specially
constructed for cleanliness inspection with an outlet to analysis filtration, or in beakers that are placed
in standard laboratory ultrasonic baths. To compensate for inhomogeneities in the ultrasonic field,
components should be moved gently in the bath. Movements should have amplitude of at least half the

Wavrlr\nn’flﬂ ofthaulbraconic vavac nead
kl\'lxb\,ll UT ClIc U lItraJurrIicyragv oo agaJocTry

Whe
that

smal
clear

hnt to verify
difficult the
metry to be
ncerned.

Fe ultrasonic baths are utilized to clean the inner surfaces of components, it is import
the cleaning effect in the interior is adequate. In general, this becomes more and)miore
ler the aperture becomes for the ultrasonic waves to enter, the deeper the internal geq
ed penetrates into the component, and the broader the dimensions are ofthe cavity cd

Advantages: Easy to perform, good reproducibility, marginally influenced by in4pection
staff, cheap testing equipment for small parts,possibility to achiev¢ low blank
levels due to low wetted surface areas.

Disadvantages: Ifinappropriate parameters are set, cayitation effects may cause njaterial to

detach from the test component, which is then falsely recognized i the anal-
ysis as particulate contamination, difficult to validate cleaning parameters in
the ultrasonic bath (distribution of ultrasonic waves, cavitation eff¢ct).

Inte} es of a wide

rang

'nal rinsing: internal rinsing is suitable for extracting particles from the inner surfag
e of components, e.g.

q

1

ictive sub-assemblies (e.g. pumps, injectors), inspected in internal rinsing systems whi
he components concerned, and

e activating

— ﬂﬁpe-shaped passive component§ that are much longer than the size of the inlet/outlef and whose

internal cross-section is similar to the diameter of the inlet and outlet.

With|
and

internal rinsing, the complete inner geometry of the component to be cleaned is aly
the test liquid is fed inte’the component via adapters. After flowing through the in{

com
drai

extel
thei

onent, via an adapter/and tubing or piping, the liquid is then advanced to the filtra
s off the componént'directly into an extraction bath (liquids may not come into cont|
ior of componénts). In order for the internal rinsing step to be effective, a turbulent f
hterior of thé.component is required.

Advantages: Easy to limit the method to the controlled surfaces concerned by ac

vays wetted
erior of the
tion unit, or
act with the
ow through

lapting

rinsing lines, low blank levels attained due to low wetted surface a

NOTE 2

feas, mar-

ftions.

ginally influenced by inspection staff, for many fluid-conducting clc-lmponents

Disadvantages: Test set-ups/internal rinsing systems may be highly complex where high flow
rates (components with large internal cross-sections) or active components
(e.g. switched, powered or driven) are concerned. By adapting rinsing lines

to the test components, abrasion from joining processes (screwing,

pushing,

pressing, etc.) may occur, which could be falsely recognized as contamination

originating from the component.

The term “internal rinsing” always refers to the rinsing of inner surfaces; consequentl

y, there is no

rinsing extraction procedure for external component surfaces. The term “final rinsing” refers to a pressure-
rinsing step which removes particles that have re-sedimented (onto the test component or in the extraction
setup) after detachment and forwards them for filtration.
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Agitation: agitation is a suitable method for extracting particles from simply-shaped, spacious inner
areas of components without narrow cross-sections or apertures that are difficult to seal. It is not
suitable for narrow pipes or capillaries because the test liquid cannot be sufficiently agitated to remove
particles effectively.

Advantages: Simple, very cheap, low blank levels due to low wetted surface areas.

Disadvantages: Only compatible for use on a very small spectrum of components. Cannot be
performed manually on large test components (mass of test object plus test
liquid).

NOTE3  Tlfe term agitation always relers to extraction irom Inner suriaces; a procedure ior extrgcting
particles fron the outer surfaces of components (one or several) by immersing them in a receptaclelffilled
with liquid apd subsequently carrying out an agitation or swilling step is not covered in this documient (rfisk of
component aprasion).

External component surfaces

Single parts. e.g.

e Conrods

¢ Pistons

* Toothed wheels
¢ Housing parts

¢ Crankshafts
(exterior)

Meters

Small bulk.ggods, e.g.
« Ball beating bead

-V\jash:srmg eads E] Ultrasonics
e Screws

Component size (controlled surface)
Centimeters

Pressure
rinsing

Millimeters

Internal component surfaces

Large openings, accessible internal areas
(use pressure-rinsing lances)

Few. easy-to-seal openings. - Internal
simple cavities, e.g. Rinsing

e Compressed air tanks - Agitation
¢ Coolant containers

Centimeters

. Pressure
e Short fat pipes. etc. o
rinsing
Internal areas with good throughflow
properties and small cross-sections at

connection points, e.g.

e Tubing
« Filter housings

Cross-sectiion (controlled surface)
Millimefers

e Small heat exchangers
¢ Oil ducts (engine block, crankshaft)
e Etc.

Figure A.1 — Suitability of extraction methods depending on features of test components
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Table A.1 — Examples for suitability of extraction methods regarding component features

Extraction method

Component features

Examples

Pressure-rinsing or ultra-
sonic vibration

Small components, several millimetres to a few
centimetres in size, difficult to handle individually,
for extraction in bulk (total controlled surface)

Ball bearings, gaskets, screws,
springs, O-rings, etc.

Pressure-rinsing

Small to large components, a few centimetres to
over one meter in size (total controlled surface)

Connection rods, pistons,
toothed wheels, housing
parts, crankshafts, etc.

Internal rinsing

Component areas with good through-flow prop-
erties, with connector cross-sections and interior

Tubing, piping, filter housings,
heat exchangers, etc.

cross-sections sized between a few millimetres and
several centimetres (inner area)

Internal rinsing or pres-
surefrinsing

Inner component surfaces with connector
cross-sections and interior cross-sections in the
centimetre range; accessible by internal rinsing
and by pressure-rinsing jet

Hydraulic valve blocks, pipe or
tube cofnections,|turbocharg-
er heusing, rails, gtc.

Internal rinsing and pres-
surefrinsing

Components with separate functional areas, of
which some are suitable for extraction by pres-
sure-rinsing (exterior) and others by internal
rinsing (interior), (one after the other on différent
analysis filters)

€ylinder crank hopising,
crankshafts, etc.

Agitation

Geometrically simple inner surfacesf compo-
nents without narrow cross-sections.and with few
easy-to-seal openings (handling limit with manual
extraction: mass of component.plus test liquid)

Compressed air tanks, coolant
containers, etc.

Agitation or internal
rinsing

Inner surfaces of components with good through-
flow properties and few easy-to-seal openings
(cross-sections of apertures and inner areas in
lower centimetre range)

Piping, simple heat exchang-
ers (with cross-seftions that
are not too narrow), etc.

Agitation or pres-
surefrinsing

Geometrically simple inner surfaces of compo-
nents withoutharrow cross-sections, with few
easy-to-seallopenings and apertures with large
cross-segtions

Tanks, short fat pipes, etc.

A.3.8 Air extraction

Air ¢xtraction can be performed in two ways, either as air jet extraction, which corregponds with
pressure-rinsing in liquid extraction, or as through-flow extraction where air flows thropgh the test
component, whichyis/comparable with internal rinsing as a form of liquid extraction (for exkamples see

Tablg¢ A.2).

Air jet extraction: With this extraction method, particles are removed from the component by a jet
of cleanioil-free compressed air. The method is suitable for external surfaces, or for inner component
surfgces)that can be easily accessed by the jet of compressed air. It is used for electronic ¢omponents,

components forming part ol engine air iNtake systems where the through-Tlow method cannot be
applied, or for logistics packaging such as blister packs, small load carriers or cardboard.

Advantages: Closed cabinets for liquid extraction procedures can be easily and cheaply
converted to cabinets for air jet extraction. The simple test method can also
be applied to components that would be damaged if they came into contact
with a liquid.

Disadvantages: The detached particles are spread over a large area — a thorough final rinse
(with liquid) is required, low blank levels are difficult to attain due to the large
internal surfaces of the extraction setup, high operator influence because the
procedure is generally carried out manually.
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Air through-flow extraction: with this type of extraction, air is usually guided through the test
component using specially-constructed extraction setups. The method is suitable for evaluating the
cleanliness of inner surfaces of air conducting components, such as parts of engine air intake systems.
With this procedure, large volumes of air are guided through component cross-sections several
centimetres in diameter.

Advantages:

Easy to separate the test area from non-relevant component surfaces by using
adapters connected to piping systems. Low operator influence: for air intake
components, the best extraction method for simulating real vehicle conditions.
Air filters, which are not compatible with liquids, can be inspected using this
method. The test fluid leaves no residues in the component.

Disad

vantages:

Complex extraction setup, need for component-specific adapters, time-confum-

ing execution due to the preparation of primary analysis filters for air-whi¢ch

then need to be manually re-prepared as secondary analysis filters for liquid.

Table A.2 — Examples of components and suitable extraction methods

Extraction method

Component features

\C)\E'xamples

Air jet extra

Ftion

External areas or inner surfaces of compo-
nents accessible by a jet of compressed air,
which do not come into direct contact with
liquid during their manufacture or operation
and which would be damaged if they came int¢
contact with liquid

Electronic printed circuits, single
components of air intake tracts
notsuitable for air through-flowy
extraction, packaging (SLC, blisters,
cardboard), etc.

Air through+{flow ex- Inner component surfaces with good Tubing, housing, filters, manifolds,
traction through-flow properties which do neteome |bellows in air intake tract
into direct contact with liquid during-their
manufacture or operation and which would be
damaged if they came into contact with liquid
A4 Time
As opposed|to other extraction parameters, extraction times are optimized for each component and
not derived [from features such as component geometry or type of contamination. The required time is
determined|by repeating cleanliness-analyses with short exposure times and registering the decline in

the particul
of test liquid
the extracti

hte load extracted vknewn as declining tests (see Clause 6). Even in cases where the volume
| is used for validation purposes, the actual parameter that is qualified is the length of{time
bn method acts on'the controlled surface.
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1) Selection A 2) Selection

[o Liquid extraction [- Room temperature]

e Air extraction ¢ Other temperature

Test medium | Temperature

\ Time Cleaning

4) Validation

e Volume of pressure-
rinsing liquid e Ultrasonics
¢ Others

e Duration of ultrasonics ‘ ,
* Others + Parameters

Figure A.2 — Procedure for selecting the extraction method

3) Selection

¢ Pressure-rinsing

Filtration method

Through the increasing use of optical analysis, in which particles are counted and measured
filters, the careful selection and execution of the filtration procedure are crucial to the q
later|analysis step. Analysis filters are chosen accaoxding to their compatibility with the te
their| capacity to retain particles. To ensure that the correct particles are retained by the ar
the particle sizes stated in the cleanliness specification are of utmost importance.

NOT

H If further analyses are required, it dould be necessary to verify whether the analysis filte]

methpd are compatible with one another (e:g”if high radiation levels are used).

A.6

A.6.
The

Analysis method

| General

gnalysis methodds-selected according to the particle features stated in the cleanliness s

for the respective-fest component and also depends on the purpose of the analysis (see al

and

Table A.4).

Stanﬁiard analysis: this verifies the cleanliness limit values arranged between the custo
i

supp

ere [m~the standard analysis, the analysis method and the particle features requir

are determined. Additionally, parameters for the analysis method are specified and part

| on analysis
hality of the
5t liquid and
lalysis filter,

and analysis

pecification
50 Table A.3

mer and the
ing analysis
cle features

defir

the customer and supplier.

1 Cu 21 _1 1 > 1 > 1 i 21 il b 4l b 1 > i 1
U STAITUAT T dITdly STS CalT DT HITPIETITEIItet WITITOUTTUT TITET agTCCIICIICS ITavIITg o DT nrade between

Extended analyses: these supply information about the type and thus possible origin of particles. They
are used:

to optimize processes,
to research into causes (source of critical particles),
to react to limit values being exceeded, and

if the requirements made in a cleanliness specification go beyond the features covered
analysis.
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Extended analyses are often associated with more effort and higher costs.

Shortened analyses: due to the rapid availability of results and therefore higher sampling quantities
possible, these methods are highly suitable for the purpose of process monitoring.

NOTE

on aregular basis.

A.6.2 Standard analysis

Standard or extended analysis methods can also be used to monitor processes if they are performed

Standard analysis is used to validate cleanliness limit values in the customer-supplier relationship. The

two fo]]owing qnalycic methods areusedin a standard analycic pr‘nr‘pdnrn

Gravimetry:

It is used to
the analysis

Light-optic

With light-o
size classes

Measureme
— length g

width.

Characteriz

fibre sh

metallig

In order to
operate the

In order toi
identical sy}
procedures
a cleanlines
the respecti

A.6.3 Extq

Extended amalysesare carried out if the following additional information on contaminant partic

required:

4

determine the total mass of all particles extracted from the component and)deposite
filter.

hl analysis:

ptical standard analysis, microscopes or flatbed scanners are used to determine pa
hnd measure or characterize particles according to the followingfeatures.

ht of particles >50 pm with regard to:

nd/or

htion of particles with regard to:
hpe and
shine (optional).

mplement light-optical analysissmethods, skilled staff is required. Staff should be al
equipment and scrupulouslycheck measurement and characterization results.

mprove the comparability ef results from different types of analysis systems as well as
tems handled by different operators, it is essential that the stated equipment, paramg
and features are implemented and observed. If specified conventions are deviated fr(
5 inspection, the@nalysis is no longer considered to be standard and it is of importancg
ve points are dgveed on and documented in the customer-supplier relationship.

rnded ahalyses

d on

"ticle

le to

from
ters,
m in
that

es is

exactm

easurement of particles <50 pm;

— geometric features of particles other than length and width, e.g. the third dimension;

— material identification or characteristics derived from this, such as the degree of particle hardness.

The aim of the respective analysis, the method applied, the procedure implemented and the processing
and interpretation of analysis results are all to be arranged and documented in the customer-supplier
relationship.

A.6.4 Shortened analysis

The term “shortened analysis” refers to analysis techniques which, although needing an extraction step,
do notrequire filtration for the actual analysis. This enables analysis results to be available much faster,
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i.e. larger quantities of components can be assessed within the same period of time. Results obtained
from the two shortened analysis methods mentioned do not correspond exactly with those obtained
from a standard analysis. Consequently, shortened analyses are not used to validate cleanliness limit
values unless this has been explicitly arranged in the customer-supplier relationship.

Tables A.3 and A.4 list the analysis methods described in A.6 and their fields of application.

Table A.3 — Analysis methods and possible applications

Purpose of the analysis

Analysis methad Validate clean- | Cause research Process
7 liness specifica- for process monijtoring
tion optimization

Standard Gravimetry ++ - +

analysis Scanner 2-D ++ + +

Light micro- |2-D =50 um ++ + +

scope 2-D <50 pm ++4a + +

3-D -a = -

Computer tomography -a ++ -

Extended fopy by 0a + Z
analysis

LIBS oa ++ -

Raman 02 ++ -

Infrared = ++ -

Shortened |Liquid particle counter 0a - ++

analysis Filter-blocking (optical) 03 0 ++

a Can be applied if arranged in the customer-supplier relationship provided analysis parame-
ters are specified.

++ highly suitable

+ suitable

o suitable in principle

- less suitable, or notaydilable for automated analysis, or too expensive for the intended pur-
pose (if new equipment.needs to be purchased)

—-- unsuitable, not/available for automated analysis, too expensive for the intended purposg (if
new equipmentrieeds to be purchased)

© ISO 2018 - All rights reserved
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Table A.4 — Analysis methods, information obtained and limits

Information
Method Ovetl:alll Particle size Other features Limitations
particié | jength | Width | Height | Metallic Material
mass shine

Gravimetry X Gives no information
about single particles

Scanner X X (x)b Can only be verified on
the image, greater op-
ticalmagnificationor

[s)

other contrast methods
not possible

Light micro- X X (x)a (x)b Not all features usgble

scope with one]ens

Computer-tg- X X xe Prolenged analysis

mography times

SEM/EDX X X X No differentiation

between organic/inor-
ganic particles

LIBS x¢ x¢ X No differentiation
between organic/inor-
ganic particles

Raman XC XC X Metals not detect-
ed, limitations with
fluorescing and black

particles
Infrared X¢ X¢ X Only organic partidles,
no fully-automated
analysis
Liquid par- xd Results may be ingc-
ticle counter curate if air bubbles
(OPC) are present
Filter-block- X X Results may be inafcu-
ing (optical) rate if residues arefon
the lens

() Depending on lenses and model:

a  Possible yith material mjicroscopes with small depth of field (focusing position between background of analysisf|filter
and highest ppint of particle).

b Pre-requisite: manual\double-check.
¢ Material §nalysis,coupled with automated light-optical particle detection.

d  Size ofter] determined by the diameter of a circle with an equivalent surface area.

e Here, all size Information can be determined (volume, thickness, cross-section, etc.).
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Annex B

(normative)

Qualification tests and blank level

B.1 Qualification test procedure (synopsis)

—

Prepare inspection equipment |

Determine the blank level 2 |

No

OK?

Yes

Set start parameters or other justified
parameters

|
v

Prepare test comhporent(s) |

¥

Modify |
extraction

Perform n\=6 extractions |

conditions

!

(parameters or |
method) P

Analysis of declining curve |

{k

Increase
number of test

components

Derive routine inspection conditions
and qualify the blank level

Check
inspection
conditions/

method

Extraction conditions are suitable
Inspection specification can be
written down

!

Ohaardes 1 R 1% D ;
optioar step TOUOTC HTSPTTTION |

a  This is a provisional blank level, see 6.2.3.1 b)

b See also different forms of extraction curves and their possible interpretations in Figure B.2.

Figure B.1 — Synopsis of qualification test procedure (declining test)
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B.2 Various shapes of extraction curve

Key

a)
b)

118

Y/ Y
1
1 2 3 4 > 1 2 3 4 N 6
X
) b) NS
YA Y fl,Q

O.

consecutlive extraction step%\

cleanling
constant]
delayed

ss value C;
decline

lecline %Qv
s

o)

S

Figure B.2 — various shapes of extraction curve

c) nodecline
d) increase
e) immediate decline
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rpretation of different extraction curves (see Figure B.2)

About a) Constant decline: contamination is detached at a uniform rate, no further interpretation
required, the routine inspection procedure can be fixed.

About b) Delayed decline “humped curve”: detachment is not uniform due to delayed dissolving of
contamination or process media such as preservatives by the test liquid.

If the declining criterion is attained after a maximum of 6 single tests, the routine inspection procedure
can be drawn up in the same way as in a).

How

dela
To d
leng
Alte

Both

rece

A fu

liqui

Abo
step

bver, if the declining criterion is not achieved because the detachment of particle
red, the dissolving step can be carried out separately before commencing thesactua

this, the test component is immersed in a suitable solvent (e.g. the test liquid) for an
h of time without any physical cleaning assistance such as pressure-rinsing,op ultrason
natively, components can be filled with the solvent and sealed if interior‘suftfaces shal

)

1
1

the volume of liquid used in the dissolving step, as well as the liquid used to fina

ptacle in which the dissolving process was carried out, count as gxtraction liquid.

rther method to accelerate particle detachment during thedextraction procedure is t

1 with a stronger dissolving power. Care shall be taken to-follow the relevant safety in{

uit ¢) No decline: a similar quantity of particulate contamination is detached during ead
There may be several reasons for this.

extracted which do not count as adhering coptaminants but originate instead from thg
I]self (material). For example, such particles could originate from using ultrasonic vibr3
aterials, coatings flaking off, burrs detaching or solder beads adhering firmly to th
uch a case, extraction parameters shall be modified to avoid detrimental effects on
aterial or a different extraction.miethod shall be selected. This type of declining perfo
{i‘so indicate that the required cleanliness values cannot be attained for the respectivg
ecause of its nature or the Wway it has been processed; it is therefore not suitable for

ireas in its present state.

q

q

The amount of contamination found in each extraction step is the same as the blank
¢ase, an extraction procedure with a lower particle emission level from the component
vel needs to belestablished. If the blank level is already very low, it could be that theg
iis so clean thaf\a/decline in the particle load is no longer possible because single parti
etached speradically during extraction steps. In such cases this shall be documented.

is severely

extraction.
appropriate
ic vibration.
be tested.

ly rinse the
0 use a test
tructions.

h extraction

The extraction effect (chemical detachment or,mechanical influence) is so high that particles are

component
ition on cast
b surface. In
component
rmance may

component
use in clean

evel. In this
lower blank
component
'les are only

speciallyin the case of very clean components, another effective method which ca

be used to

learly differentiate between the particle charge requiring detection and the blank leve|] percentage

the inspection (and thus to achieve a decline) is to increase the size of the test lot.

Another reason for the absence of a decline may be residual magnetism in the case of ferromagnetic
components. If this applies, components should be demagnetized before commencing the extraction

procedure.

The absence of a decline may also be due to an inadequate final rinsing procedure, i.e.

some of the

particles extracted from the test component remain in the extraction setup and are transmitted to

later extraction steps.

About d) Increase: the quantity of contamination found in each extraction step increases. This may

also

be due to several factors.

As in c), the problem could be caused by severe “component attack”.
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— The extraction effect is so weak that adhering particles can only be detached after an intensive
dissolving step as in b). This is the case, for example, if dried-on or resinous preservatives are

treated

with a weak solvent cleaner.

— Accumulation due to insufficient final rinsing of the component or extraction setup, or incorrect

handlin

g.

About e) Immediate decline: the total amount of detachable particles is removed from the component
in the course of the first declining step. Subsequent declining steps only show particle quantities in the

Same range

Exact]y the same parameters and extraction guantities or times can be used for the routine inspe

as the blank level.

tion

as for the in

The component may be “over-extracted”, i.e. in the first extraction step, it is extracted for‘a Id
me than that required to detach the particle load. In this case, the declinihg test cg
ing lower volumes/shorter times for each extraction step in order to record’a decling

period of ti
repeated us
derive the a

NOTE Any deviation in the shape of extraction curves can also be due to faulty-handling or unsu

extraction eq

B.3 Rout

Hividual declining steps.

Ctual extraction time/volume necessary.

uipment.

ine inspection procedure (synopsis)

Set conditions appropriaté
to inspection specification

v

(—-’{ Prepare inspection,equipment

| Prepare-test component(s)

Clarify and

remedy causé

A\

| Check blank level (case by case)

No

OK?
Yes

Extraction

i

Analysis

!

| Documentation (inspection report)

Figure B.3 — Synopsis of routine inspection procedure

nger
n be
» and

table
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Annex C
(informative)

Recovering test particles

C.1 Principle

The blank level test ensures that only foreign particles in quantities that are not criticalA
of a §pecific cleanliness inspection are introduced into the chain of extraction, finahrinsin
handling of the analysis filter and analysis.

If there is a requirement to verify that no relevant particles are lost in the chainyan optiond

o the result
g, filtration,

|l procedure

with|test particles can be performed. Here, a known size and quantity of particles are placed in the

extrgction setup and the final rinsing procedure and all further steps,ake/carried out to 4
analysis whether all the added particles are found again. The method ean be applied, for
validate and optimize:

— {final rinsing procedures;
— ¢onstructional features of extraction and filtration units;
— handling of analysis filters on removal, transport and drying;

— fraining of inspection staff.

C.2 | Material and equipment

For this procedure, as well as all the materials and equipment utilized for the derivation of

ssess in the
example, to

blank levels

or fof inspections, particles of a specific quantity and size are required. These particles afre prepared

in sych a way so that they can<be introduced into the extraction setup without loss or
inadyertent addition of any foreign particles. Two types of particle can be used for this pur

a) Test particles produced’in a defined way that they can be clearly characterized in
ethod. For example, the design of the shape of the particles should enable a f
%:eposition on an analysis filter to provide the same image area to always be measul
ptical analySisY Furthermore, in order to avoid “class hoppers” (particles that areg
dssigned to'one particle size class and sometimes to another), particle sizes may not bq
the limitof’a particle size class.

b) ‘In<house” particles originating, for example, from a company’s backwashed mesh f

without the
hose.

the analysis
eproducible
‘ed by light-

sometimes
too close to

ilter from a

¢omponent cleanliness inspection. These particles correspond with particles actual

y occurring

during production and thus are also being found in daily laboratory operation in
inspection.

C.3 Procedure

a) Procure a supply of known test particles.

b) Introduce the test particles into the extraction setup.

c) Give the extraction setup a final rinse as specified in the routine procedure.

d) Proceed with analysis filtration, filter removal, filter drying and filter analysis.

© ISO 2018 - All rights reserved
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e) Determine the recovery rate, compare it with the target value:

i) in case of specially-produced test particles with defined features, the recovery rate should
be 100 %;

ii) if “in-house” particles are used, the potentially-attainable recovery rate depends very much on
the quantity, size and geometry of the particles used as well as on the extraction and filtration
equipment implemented. This should be defined individually for each case.

f) Ifthe desired recovery rate is not achieved, the chain, i.e. final rinsing, filtration, filter handling and
analysis procedure and/or equipment should generally be optimized and the evaluation with test
particlesrepeated
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Annex D
(normative)

Extraction

Suitability and compatibility of test liquids

Tabld

D.1 and Table D.2 only give a simplified overview of test liquids. Individual appli

requ
into

cations still

© ISO

re technical clarification. Tables D.1 and D.2 do not include special test liquids thatare not grouped
'he categories mentioned.
Table D.1 — Ability of test liquids to dissolve accompanying,contaminants
T@kﬂquid
Substance (contaminant) Aqueous [“Polar sol- | Non-polary
tensidic ventsa solventsb
neutral
Salts (water-soluble) + - -
Mineral oil-based lubricants (MBS) - + +
Coolants/lubricants - aqueous emulsions (aque# + + 0
ous CLB)
Brake fluids (glycols, higher alcohols) + + +
Animal and vegetable greases and oils\(AVGO) 0 + +
Silicon oil - _ _
Anti-corrosives, amine-based + + 0
Anti-corrosives, other o/+ + +
Wax 0 0 +
Only above
melting
point
+ suitabl€ a'partially suitable, - unsuitable
a  Polar'selvents, e.g. alcohols.
b _Ngn-polar solvents, e.g. cold cleaners or benzene.
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Table D.2 — Compatibility of test liquids with materials

Material Test liquid
(test component and inspection equipment) Aqueous | Solvents | Solvents
tensidic polara non-polarb
neutral
Plastics + o 0
Elastomers + o 0
Coated surfaces 0 0 0
Magnesium and magnesium alloys ) + +
With
inhibitors
Alumjnium, Al-alloys and cast aluminium, chromated + + +
aluminium
Zinc, zinc alloys and cast zinc + + +
High-pgrade steel + + +
Steel and castiron + + +
Hot-d|p galvanized iron, electroplated and chromated + ¥ +
Non-fprrous metals (copper, brass, bronze, etc.) + + +
Glass + + +
+ syitable, o partially suitable, - unsuitable

a  Pg
b N

lar solvents, e.g. alcohols.

n-polar solvents, e.g. cold cleaners or benzene.

D.2 Pres

Type and sh
(see Figure

124

sure-rinsing

h.1).

hpe of the rinsing nozzle can be adapted to the size and geometry of surface to be insp¢

pcted
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a)

e

1 e)
Key
a) 1ound full-jet nozzlefor localized extraction
b) 1

~ 00000

ressure rinsing Tance for extracting contamination from blind holes

b

d)

c) ‘Ispiked lance” for extracting contamination from internal component areas

d) parallelsjet nozzle for extracting contamination from larger surface areas

e) flatjet nozzle (fan nozzle) for extraction of larger surface areas (care with aerosol formation)

1 shapeofjet

Figure D.1 — Examples of various pressure-rinsing techniques

Figure D.2 illustrates examples of using pressure rinsing techniques on different components. A setup

of a pressure rinsing cabinet is shown in Figure D.3.

© ISO 2018 - All rights reserved
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a)
_/ b)
L ] * 1]
(EEEPUEN
\VEEY SRV
c)
N
L)
L]
i L L
,' Iy m
Ly n
d) e)
extracting single components
extracting large surfaces
extracting small components (bulk goods)
extracting accessible internal‘afeas of component
extracting accessible internal areas of component
Figure D.2 — Examples of use of pressure-rinsing
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y [ ]
7
e
Key
1 ressure-rinsing chamber (clean air area)
2 fLanual pressure-rinsing tools
3 dollecting basin
4  dtopcock
5  gnalysis filter
6 1edia supply with container for test liquid, purification filter, pump or pressure supply
7  dontrol unit for pressure-rinsing programmes
8 fpot pedal

Figure D.3 — Example of pressure-rinsing cabinet
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Key
nozzle di
volume f

jet press
of aerosq

pressure
(grey ard
pressure

The start p
Figure D.4)

D.3 Ultrd

Figure D.5 il

v 4 1
3,0
2,0bar 0,7bar .1
s A s
> 1,3 bar >
2'5 s ,/'
,/
7
2
td
2,0 e
el ~<Z 04b
at 0,4 bar
,/
1,5 . ’/" X """""""
/z” """" \
> 0,2 bar
PR el R
1,0 N P P
,/’ -
i G
e

r” ———————— 3

0,5 >
1,0 1,5 2,0 2,5 3,0

ameter, mm
ow, I/min

ire at nozzle level in relation of nozzle diameter (round*full-jet nozzle) and volume flow as well 4
1 formation

larger 0,7 bar at nozzle level — aerosol formation probable, take explosion protection precat
ain figure)
smaller 0,7 bar at nozzle level — aerosolNermation unlikely (white area in figure)

Figure D.4 — Information on nozzle diameters and flow rates

hrameter values for the nozzle cross-section and flow rate are marked with an X|
hnd lie in an area where there is no risk of aerosol formation.

sonic vibration

lustrates arrangements for particle extraction on single parts and collectives of parts

s risk

tions

(see

128
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Key
a) yltrasonic extraction procedure for small components (bulk godds in a beaker)

b) yltrasonic extraction procedure for small components (bulk goods in a mesh basket)
c) ultrasonic extraction procedure for single components

d) ultrasonic extraction procedure for single components\(in a beaker)

Figure D.5 — Examples of use‘of extraction by ultrasonic vibration

Typi¢al volumes and power densities réquiring documentation are illustrated in Flgure D.6.

Su=gl

a) b)

a) dompouent immersed in ultrasonic bath

b) doniponent(s) immersed in beaker

1  volume analysed (extraction liquid) = volume subjected to ultrasonics = filling quantity of the bath

2 power density in bath = power of ultrasonic device/filling quantity of bath

3 volume analysed (extraction liquid) = filling quantity of beaker

4  power density in bath = power of ultrasonic device/(filling quantity of bath + filling quantity of beaker)

Figure D.6 — Volumes and power densities requiring documentation

With increasing frequency of the ultrasonic the related wavelength A decreases (see Table D.3)
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Table D.3 — Examples of ultrasonic wavelengths

Frequency Wavelength A
25 kHz 61 mm
35 kHz 43 mm
40 kHz 38 mm
120 kHz 12 mm

Examples of arranging components in the ultrasonic immersion bath are shown in Figure D.7.

Surface emitting ultrasound waves

Extraction ATTANgeNTent i batir Remmark
External Ex- Distance between component and
trajction sound source should be = A.

For distances >400 mm between
the surface to be cleaned and the
sound-emitting surface, compo-
nents will need to be retated.

Sinmpple inner
cayity

b Y
e T

N N N N % %

Surface emitting ultrasound waves

Orientation of component opening
to sound-emitting surface

Blipd hole or
sinpilar shape

Surface emitting ultrasound waves

Orientation of component opening
to sound-emitting surface

Ensure cavity is filled

Innjer cavity

Rotation by 90°

Surface emitting ultrasound waves

Orientation of component opening
to sound-emitting surface

Ensure cavity is filled

Figure D.7 — Examples of arranging components in the ultrasonic immersion bath
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D.4 Internal rinsing

There are various configurations for applying internal rinsing technique (see Figure D.8 and Figure D.9).

//,

-
~

[

-

<)
Key

b) i
c) i

a) internal rinsing in a closed system (adapters for tubing on both&ides)
Eternal rinsing by adapting a rinsing line (pressureless drainage)

ternal rinsing by adapting a pressure-rinsing tool (pressureless drainage)

Figure D.8 — Various, internal rinsing examples

/ C‘IZI;D /

7/, I
I/I -vv“ """"
! z,
1 , 4
1! /,
1 1
] 1 1
. h
a) b)
///
I/I

Key

a) internal rinsing of pipes or lines

b) internal rinsing of inner component areas (e.g. oil borings)

c) internal rinsing of assembly (e.g. heat exchangers or filter housings)

Figure D.9 — Examples of use of internal rinsing

© ISO 2018 - All rights reserved 131


https://standardsiso.com/api/?name=e28e167e1b1396ed808e47fbfe4c7915

IS0 16232:2018(E)

To calculate

Table D.4 — Examples of turbulent through-flow parameters

Example: cold cleaner|Example: cold cleaner
liquid 1 liquid 2
Flashpoint [°C] 62 105
Kinematic viscosity 1,9 3,2
[mm?2/s]
Tube diameter [mm] Flow rate [1/min] Flow rate [1/min]

4 1,4 2,4

5 1,8 3,0

6 2,2 3,6

8 2,9 4,8

10 3,6 6,0

12 4,3 7,2

15 54 9,0

20 7,2 12,1

25 9,0 15,1

30 10,8 18,1

40 14,3 24,1
50 179 30,2

the turbulent flow through the tube, the Reynolds Number Re > 4 000, which is defined via

the equatioi Re = w - d/v, (w: velocity of the flow, d: tube diatheter, v: kinematic viscosity) is used| The

turbulent fI

Key

N O U1 W N

132

w rate (dV/dt) for other liquids can be calculatéd on converting this to dV/dt=Re - d - | v/4.

]

containef fortest liquid

regulatof atlevel of pump bypass

mounting device to hold test component

test component

pump
main regulator

throughflow meter

purification filter

manometer

10
11
12
13

regulator at level of test component bypass
three-way valve

collection vessel for extraction liquid
analysis filter

Figure D.10 — Example of an internal rinsing system
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D.5 Agitation

Agitation is used to extract particles from the inner surface of the respective component (see
Figure D.11).

Key
a) Jgitation of a (pressure) tank

b) 4gitation of a section of piping (short fat cross-section)

c) 4gitation of container

d) dgitation of small components in a container: not suitable

Figure D.11 — Examples of use of extraction by agitation
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D.6 Air jet extraction

The air jet extraction procedure includes an extraction step on the component with compressed air and

a final rinsing step with test liquid on the cabinet (see Figure D.12).

-

NV

\\_{‘ B

v

<7 <

Key

a) step 1: ektract partielé from test components using a jet of compressed air

a)
yZs
) 1

b) step 2: r¢move thetest component

c) step 3: pprferm final rinsing step on cabinet without test component using test liquid

1 analysis Eilter

Figure D.12 — Principle and procedure for air jet extraction
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D.7 Air through-flow extraction

One principle of the air through-flow extraction method is based on air extraction with subsequent
preparation of a secondary analysis filter by means of liquid extraction (see Figure D.13). Another
variant is based on collecting the extracted particles in test liquid (impinge principle) followed by an
analysis filtration step (see Figure D.14).

— 4
2 32
1 l 7 3
5
LSl
6
9
‘ |:||:||:||:|.
“——ﬁ

&> 10

T o

Key

1 dirfilter 6  drainage system for final rinsing liquid

2 gdapter to test cgmponent 7  sensor to monitor volume flow

3 flest component 8 pump

4 rimary filtration unit 9  pressure rinsing cabinet

5 1rimary analysis filter 10 secondary analysis filter

Figu -I3—Princi = i i = i nts such as

engine air intake components
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7
123%) |
T

6
U

9>

Key

1 intake oil-free compressed air 6  testcomponent

2 regulatol 7 actuator for test component (only for active compongnts)
3 airfilter 8  container for extraction liquid

4  manometer 9  analysis filter

5 mounting device to hold test component

Figure D.14 — Principle set-up required for air through-flow extraction on components sudh as
parts of pneumatic systems
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Annex E
(informative)

Filtration
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Dire¢t filtration of extraction fluid (see Figure E.1 a)) is often used in combination with pregsure rinsing
cabinets or ultrasonic bath with drain. The separate filtration setup (see Figure EA\D)) i$ used if the
extrdction liquid is e.g. contained in a beaker used for extraction of bulks of small.comp¢nents in an

ultrasonic bath (see Figure D.5 a)).

To pie-select particle sizes, analysis filtration can be performed using cascddes of filters wijith different

pore|sizes as shown in Figure E.2.

Key

a)

a) direct filtration

b) deparate filtration

gnalysis filter

for example collection vessel or ultrasonic bath

Figure E.1 — Different analysis filtration methods

S U1 B W

b)

filter holder
vacuum source
filter funnel
vacuum flask

© ISO 2018 - All rights reserved
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Key

a)

a) filter holder with cascade of filters

b) cascade pf filter holders

D)

2
3

1 2 or 3 anpalysis filters with different pore size

E.2 Compatibility of analysis filters with test liquids

Figure E.2 — Filter cascades

filter funnel
2 analysis filters with different pore size

Table E.1 — Compatibility of analysis filters with test liquids

Medium (t@}%r final rinsing liquid)

Filtel material Aqueous Isopropan(&gﬁ\‘th?qol Aliphatic hydrocar- Ketonges,
neutral (spirit) bons, e.g. also cold |e.g.acetone
cleaner ) \O cleaners

Foamed Cellulose nitrate + 5 - + -

membrane Cellulose acetate + + - + -
Polyamide/ + + + + +
hylon

Mesh Polyester + + + + +
Polyamide/ 4 + + + +
hylon

+ suitable, ¢ partially suitable, > unsuitable

Table E.1 lis
a certain teq
method, diff

the analysis

[s only a few of the most common types of analysis filters. In some cases, e.g. if resistarce to
t or finalrinsing liquid is required, or if a certain type of filter is necessary for the anglysis
erent filter types may need to be selected. If no special conditions are specified, the yse of
filter suggested in 8.2 is recommended.
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E.3 Examples of analysis filters
i
= 20 pm 1
a) b)
Key
a) 8 um cellulose nitrate foamed membrane filter
b) 15 um PET mesh filter
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Figure E.3 — Examples of surface structurez(oﬁnalysis filters
| Foamed membrane filter (Figure E.3 a)) \§\Q

ntages: relatively smooth surface; highly-suitablz\@r ight-optical analysis.

lvantages: the undefined, foam-like structulﬁ\)}the material also retains pigment p
nuch smaller than the nominal pore size‘@t e filter. These are not relevant to thg
fication but may optically darken the a ﬁsis filter (high number of tiny particles), t
iring light-optical analysis (grey or Qﬁ analysis filter). This type of filter often absor
hirs gravimetric analysis). ‘\Q

. Mesh membrane filte%(Fj gure E.3 b))

ntages: defined geome?"t@ore size and separation limit. In consequence, fewer pigm
ptained, which facilitatesdight-optical analysis. In general, less humidity is absorbed by
(more reliable gra@tric results).

lvantages: wi h degrees of magnification or very poor illumination, the structure
ents may ¢ artefacts or reflections and impair light-optical analysis.

thin particles may pass the mesh filter and thus not be captured in the subsequent ang

s

articles that

cleanliness
hus severely
bs humidity

ent particles
this type of

of the mesh

lysis.

o)
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E.4 Examples of problems encountered with analysis filtration and possible
remedies

c) Q\@
Key \{:\'O
a) good filt¢r occupancy C}\O b) excessive filter occupancy
— unifdrm . — extract fewer components per filter
— mos{ particles isolated @ ’ — use filter cascade
c) inhomogeneous filter occupancy — use coarser analysis filter

— optirpize filter holder or filtration process

—  post-process filter (re @ particles or gently
shake filter holder with a s@ amount of liquid)

Q?gl:re E.4 — Examples of variants of filter occupancy

S
?\
’o&
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0

Key
a) excessive filter occupancy bj\\g\filter completely clogged
+ extract fewer components per filter X ®$ — not analysable optically
+ use filter cascade A\ — only analysable by gravimetry
1+ use coarser analysis filter \O pieces of cardboard on the filter
c) lprge number of fibres on filter \t" — test component packaging may be ynsuitable

+  storage location of test com@nts may be

unsuitable @ )

Figure E.5 — Examples of problems with filter occupancy

E.5 | Filter occh%-cy and analysability

Fe351b111ty of light optical systems to analyze analysis filters
Mesh

%0
_ i |

Foamed
membrane

0 1 O 2 0,5 1 2 0 100
Filter occupancy [%]

o Number of measurement errors increases
e Number of manual post-processing steps increases
o Comparability of different systems decreases

Figure E.6 — Relation of filter occupancy and analysability
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Light-optical analysis becomes difficult when mesh membrane filters have a filter occupancy upwards
of 3 % and foamed membrane filters an occupancy of 1,5 % and above (see Figure E.6). The number
of measurement errors and quantity of manual corrective steps increase while the comparability of
results from analyses performed using different systems decreases. The ability to analyse filters also
depends on other factors (homogeneous occupancy, percentage of fibres, etc.). Consequently, these
values only serve as a rough indication and require individual assessment in each case.

If filter occupancy is extremely homogeneous, it may be possible to analyse filters with higher particle
occupancy.
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