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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.

The procedures used to develop this document and those intended for its further maintgnance are
degcribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria-needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the|subject of
patent rights. ISO shall not be held responsible for identifying any or all such’patent rights.[Details of
any patent rights identified during the development of the document will be in the Introductfon and/or
on|the ISO list of patent declarations received (see www.iso.org/patents).

Anly trade name used in this document is information given for thé convenience of users anfl does not
conpstitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific ferms and
expressions related to conformity assessment, as well as information about I1SO’s adherefhce to the
Wqrld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see thg following
UR[L: www.iso.org/iso/foreword.html.

Thjs document was prepared by Technical Comunittee ISO/TC 209, Cleanrooms and associated|controlled
enyironments.

Aljst of all parts in the ISO 14644 series;can be found on the ISO website.
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Introduction

The term surface refers to the interface between two phases. For the purpose of this document, the
surface is a solid. A “clean surface” is where one or more of the contamination categories (particles,
chemical) are under control due to cleaning/decontamination. The degree of cleanliness is specified
in the corresponding surface cleanliness classifications (see ISO 14644-9 and I1SO 14644-10). Different
cleaning methods are necessary depending on the degree of cleanliness (cleanliness class) required.
This document gives guidance on the selection of cleaning methods to achieve specified cleanliness

levels. For the selection procedure, the aspects of surface description, cleanliness specifications, types
of contamgnatieneleaning-technigtes,mater patibit eSSHYEN

into consi
category 3
particles,

OTT; cl G o O ol v, C OCroT0 2l cl

deration. Most of the methods are suitable for removal of more than one contaminat
t the same time; therefore, a common standard for the selection of a cleaning methodfor' b
hs well as chemical contamination, is needed.
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Cleanrooms and associated controlled environments —

Part 13:
Cleaning of surfaces to achieve defined levels of cleanliness
in terms of particle and chemical classifications

1 | Scope

Thjs document gives guidelines for cleaning to a specified degree on cleanroom ‘Sutrfaces, qurfaces of
eqliipment in a cleanroom and surfaces of materials in a cleanroom. Under consideration are ajll surfaces
(extternal or internal) that are of interest. It provides guidance on the assessment of cleaning methods
for]achieving the required surface cleanliness by particle concentration (S€P) and surface dleanliness
by|chemical concentration (SCC) classes and which techniques should/be considered to achfieve these
spécified levels.

The appropriateness of cleaning techniques will make reference to the cleanliness clpsses and
asqociated test methods found in ISO 14644-9 and ISO 14644<10.

The following matters of general guidance will be provided:
— | expected surface cleanliness levels;

— | suitability of cleaning methods;

— | compatibility of surfaces with the cleaning technique;
— | assessment of cleaning appropriateness.

The following will be excluded from this document:

— | classification of cleaning methods;

— | product produced within a cleanroom;

— | specific surface-related cleaning methods;

— | detailed description of cleaning mechanisms, methods and procedures of various cleaning methods;
— | detailedmaterial characteristics;

— | des€ription of damage mechanisms by cleaning processes and time-dependent effects;

— Lreferencestointeractive bonding forces between contaminantsand surfaces or generationlprocesses
that are usually time-dependent and process-dependent;

— other characteristics of particles such as electrostatic charge, ionic charges, etc.;
— chemical reactions between molecular contaminants and surfaces;

— microbiological aspects of surface cleanliness;

— radioactive aspects of contamination;

— health and safety considerations;

— environmental aspects such as waste disposal, emissions, etc.;

© IS0 2017 - All rights reserved 1
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— selection and use of statistical methods.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 14644-8, Cleanrooms and associated controlled environments — Part 8: Classification of air cleanliness
by chemical concentration (ACC)

ISO 14644-9, Cleanrooms and associated controlled environments — Part 9: Classification of surfice
cleanlinesg by particle concentration

ISO 14644-10, Cleanrooms and associated controlled environments — Part 10: Classificatien of surffice
cleanlines§ by chemical concentration

3 Terms and definitions

For the pyrposes of this document, the terms and definitions given in ISQ 14644-9, ISO 14644-10 4nd
the followjing apply.

ISO and [HC maintain terminological databases for use in standardization at the following addresseg:

— IEC Ellectropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www:i50.org/obp

31
cleanlinefs
<of a solifl surface>condition of a solid surface Where the amount of contamination (3.4) (partitle,
chemical)[is controlled to a specific level

3.2
cleaning appropriateness
relation between the required clegnliness (3.1) and the accomplished cleanliness under controljed
conditions

Note 1 to ehtry: In some languages,the term cleaning efficacy is used to indicate cleaning appropriateness.
Note 2 to ehtry: In case of real-operational conditions or monitoring, the term cleaning effectiveness is used.

3.3
cleaning efficiency
fraction of specific contaminants removed from a surface by a cleaning process

Note 1 to entry: The fraction is determined by the accomplished surface cleanliness in respect to the inifial
surface cleanliness.

3.4
contamination
unwanted matter in an undesirable location

3.5
particle
minute piece of matter with defined physical boundaries

[SOURCE: ISO 14644-1:2015, 3.2.1]
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particle contamination
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particles (3.5) having the potential to affect the process, the product, the personnel or the facilities

3.7

particle size
diameter of a sphere that produces a response, by a given particle-sizing instrument, that is equivalent

to the response produced by the particle (3.5) being measured

4 General mpthndnlngy

4.1

Multiple aspects need to be considered for cleaning. Figure 1 provides an overview-of the fg
comtribute to the suitability of cleaning methods to achieve a defined level of sufface clean
mdre details, see Annex A.

Overview

ctors that
iness. For

— what to clean —®
—] physical propertigs —®
measurement
techniques applied
- — chemical propertigs —®
extraction cleaning object
techniques validation description
— chemical nature| —®
assessment of
surface cleanliness -
|| material
combinations/configufations ®
damaging of surfaces — material categorigs —®
harshnessof | |  NNT O o
cleaning technique material ::Asp:e:cts;:;nf:;:
of the surface Bt
residues on
the cleaned surfaces
®t— physical cleaning - - typ¢g —®
cleaning cleanliness
techniques specifications 1
. . evelf
O, chemical cleaning concentrhtion —®
type —®
other o
requirements contamination Tevel/
concentration :
Key
+ more details in Figure A.1
Figure 1 — Overview of cleaning aspects (non-exhaustive)
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4.2 Methodology

Appropriateness of a cleaning technique for an application depends on many factors. For complex
objects, it is advised to follow the sequence described in this clause and in the decision tree (see

Figure 2). By using this procedure, it can be assured that all important issues are covered. For sim

ple

objects or surfaces, deviations from the sequence are allowable, as long as the critical information is

documented.

The approach starts with describing the object that has to be cleaned. The description should cover,

among others, composition of materials, chemical characteristics, surface finish and shape factors 1
geometricg exd iZe lacti a claani
is to be sy

the cleaning performance and material compatibility. The performance of the cleaning shall be checl

against the specification.

ecified in terms of the desired cleanliness of the object. To have a starting point, the initi

ike
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1)
Object description

!

2)
Cleanliness classification
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!

3)
Determination of initial
contamination level

!

4)
Other requirements

!

5)

Selection cleaning -
methodology

Material-¢ompatibility

Cleanliness validation

8)
Validated cleaning
methodology

Figure 2 — Decision tree
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5 Obje

ct description

In the object description, the following aspects shall be considered.

Physical properties of the object:

— physical dimensions;

— form/
— critic:

A general
critical su

Surface(s
— mater
— comp
— mater
— thin/s
— other

The comp
of a rang
should be
be very d
The select
materials

Chemical

— chemical composition;

— state
— energ

Physical a
Choice of
and the cad

trape/comptexity of theobject;
1l surfaces.

description of the object shall be given. Size, shape, complexity and identification of
'faces set many boundary conditions for a cleaning method.

):
ial composition of the object surface(s);

exity;

ials/critical materials (sensitive to cleaning agents);
tomic surface layers (e.g. protective layers);
physical properties (e.g. electrostatic).

bsition of the object could be simple (one or more similar material(s)) or a system consist
e of different materials (e.g. metal/plastic/glass composition). Each individual mate}
taken into account when choosing a cleaning method. Some combinations of materials

ion of the cleaning method shall bg'the best compromise between minimal damage of
at maximum cleaning efficiency,

properties of the surface(s):

bf the surface (hydrephobic, hydrophilic, lypophobic, lipophilic, etc.);
btic state of thesurface (zeta potential).

hd chemicabproperties of a surface have a large influence on the choice of a cleaning meth|
1 method\shall take into account all involved materials/chemical composition of the surfacg
mbination of materials undergoing cleaning.

The activity-of the surface is determined by the chemical configuration of the final atomic layer. Thi

the

ng
ial
an

fficult to clean as one cleaning method.may be suitable for one material but not the other.

the

od.
(s

5 IS

an important parameter in determining the choice of method. These layers may be hydrophilic (water
wettable-lipophobic) or hydrophobic (water repellent but oil-wettable-lipophilic). The cleaning method
used can influence the surface activity. The surface activity also influences the electrostatic properties

of a mater

ial — a hydrophilic surface will have fewer tendencies to electrically charge.

Morphology:

Cleaning is influenced by the morphological aspects of a surface such as shape, size, structure, surface
roughness or porosity. Morphological aspects may further complicate cleaning due to the accessibility
of the surfaces to be cleaned and to the retention of cleaning agents and materials used for cleaning.

Object specific requirements:

— intended use of the object;

6
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environmental conditions, both pre- and post-cleaning;
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— critical surfaces — surfaces with either high importance in the application or sensitive to cleaning.

6

Cleanliness specifications

The rationale of determining appropriateness of the cleaning method should include the contaminants
of concern, as well as acceptable levels of contamination for the application.

The required cleanliness shall be specified in terms of particle concentration according to ISO 14644-9

an

Th

7

7.1

To
cle
sha

Qu

Where the quantitative surfdee ‘cleanliness is determined, it can be related to the efficie

cle
chd
are

7.2

Th
De
ma

by

1/0r 1n terms of the concentration of a specific group of chemicals according to 150 14644-
b specification of the targeted cleanliness class can be determined in various ways:
cleanliness class required by customer;

common cleanliness class required for similar objects;

by performing an analysis on the impact of contamination of the surfaee in the (future) f
a product or process where the cleaned surface will be used;

by performing tests or simulations with various cleanliness classes of the considered surf3

by performing an analysis of the contamination that caused-\failure or quality loss.

Determination of initial contamination level

General

select the cleaning procedure for achieving a required surface cleanliness level, the init
hnliness shall be established. The initialSurface cleanliness by chemical and/or particle con
1l be determined for the surfaces of ifiterest. This can be determined qualitatively or quar

plitative evaluation is a non-numerical assessment (e.g. a visual inspection).

hning procedure in respect to the required surface cleanliness by particle concentrati
mical concentration The’quantified contamination (particle and/or chemical) shall be rel

b initial surface cleanliness by particle concentration shall be determined for the differen
bendinig-on the required cleanliness class, a qualitative assessment of the initial cleanl
y bé sufficient. For quantitative assessment, the number and size of particles shall be cha
a‘measurement method as described in Clause 12. The surface cleanliness classification 4

10.

unction of

ce and/or;

al surface
Centration
titatively.

cy of the
pn and/or
hted to the

a of the representative surface. This evaluation allows determination of the initial cleanliness class.

Determination of initial contamination level with respect to particle concentration

L surfaces.
ness level
racterized
s outlined

in

SO 14644-9 shall be applied.

The quantified particle concentration shall be related to the area of the representative surface. This
evaluation allows determination of the initial cleanliness class.

7.3 Determination of initial contamination level with respect to chemical concentration

The initial surface cleanliness by chemical concentration shall be determined for the different surfaces.
Depending on the specific application, a qualitative assessment (e.g. water break test) of the initial
cleanliness level might be sufficient. For quantitative assessment of the mass and nature of the chemical
contaminants, a measurement technique according to Clause 12 and ISO 14644-10 shall be applicable.

© IS0 2017 - All rights reserved
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The quantified chemical contamination shall be related to the area of the representative surface. This
evaluation allows determination of the initial cleanliness class.

8 Other requirements

In addition to requirements for cleaning appropriateness and product integrity, many other elements
influence the applicability of the cleaning method. In step 5 of the decision tree (see Figure 2), these
other aspects shall be listed and requirements shall be defined. The contents of these requirements are
strongly related to the object or surface and its application.

Typical examples for other requirements are time available for cleaning, number of items\that
will be clganed, available footprint, waste, investment and labour costs, level of operator skill dnd
environmental aspects.

9 Selec¢tion of a cleaning methodology

9.1 Sele¢ction procedure

Requiremgnts for cleaning are defined in Clause 5 to Clause 8. These requitrements shall be considefed
during th¢ selection process for the cleaning methodology to ensure thegreatest uniformity betwg¢en
the requirements and the method.

The final decision of the choice of cleaning methodology shall be based on a combination of all aspects to
find the tdchnically and financially optimal, most efficient solutign. The customer, the clean technolggy
supplier ajnd the process owner of the surface/object/compenent to be cleaned should be involved in
this selectiion process. The decision optimizes the various parameters and shall assure specified surface
quality. Tdble B.1 and Table B.2 can aid the selection progess.

9.2 C(leaning methodologies

9.2.1 C(leaning method

A cleaning methodology consists of a ¢leaning technique (e.g. wiping, plasma cleaning and ultrasopnic
cleaning) And a cleaning process. The'cleaning process is linked to the cleaning techniques and involyes
the amount of mechanical energyfchemical energy, temperature and process time. By using a balan¢ed
combinatipn of these four pracess parameters, the optimum cleaning result can be achieved. Fipal
cleanlinesfs can be limited by‘substrate damage and/or selection criteria defined in Clause 8.

The requited cleanlinesslevel and the initial cleanliness level in particle and/or chemical concentratjon
lead to a gelection of.¢leaning methods. In case the initial cleanliness class is high and the required
cleanlinesfs class isJow, a combination of methods may be required.

9.2.2 (Cqtegories of cleaning techniques

The cleaning techniques can be divided depending on the major cleaning mechanism into physical and
chemical cleaning which additionally could be divided into wet and dry cleaning techniques. Whether
a process is categorized as physical/chemical or as wet/dry depends on the dominant mechanism used
for the cleaning. A non-exhaustive list of physical cleaning techniques can be found in B.2 (mechanical
cleaning), B.3 (fluidic cleaning), and B.4 (blasting cleaning techniques). A list of chemical cleaning
techniques can be found in B.5 (chemical cleaning). References to the categories of cleaning techniques
are given in Table 1.

8 © IS0 2017 - All rights reserved
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Table 1 — Categorization of cleaning techniques as described in Annex B

Cleaning technique Physical Chemical
Dry B.2,B.4 dry B.5dry
Wet B.3, B.4 wet B.5 wet

The numbers refer to subclauses within Annex B that provide a brief description of the major cleaning

techniques.

Table B.1 and Table B.2 support the choice of an appropriate cleaning technique (physical/chemical)

tha
Cla
(se

9.3

In

ted
oth
an
inyv

10

Th
ché
the

pa

De
Th

tfutfitsthecleantiness bpct,iﬁl,atiuua. Witihrthe hclp of fcaai‘ui}it_y testsomrnrateriat compat
use 10) and empirical values/evaluation, the best suitable technique shall be chosenfor
e Clause 11).

b Cleaning process

hniques. In these ranges, optimum process conditions are assumed. Since material prop
er requirements might force use of less than optimal conditions] the actual cleaning
| appropriateness might be lower. The process settings shall be defined either by an exy
estigation or from experience.

Material compatibility check

e compatibility of materials with cleaning agents shall be considered. These cleaning a
micals, solvents, high pressure gas or liquid) shallbe selected with respect to their compati
materials or items to be cleaned and their efficiency in removing different kinds of conf]

'ticle or chemical contaminants.

frimental effects on surfaces can be caused by the cleaning agents and/or the cleaning
b chemical nature of the materials of the surface — individually or in combination depend

composition of the surface — should.beevaluated technically.

Th

e following describes such direct, indirect and long duration effects.

Direct effects are chafiges of intrinsic material properties (physical and/or chem
consequence of the interaction with a process parameter from the cleaning technique
nature of a solvent,'time of exposure and temperature.

EXAMPLE 1 The change of the chemical surface structure may strongly change t}
behaviour. Change of the hydrophilic character of the last atomic layer to hydrophobic through t
process may. change the physical behaviour of the cleaned surface, i.e. wettability and electrost
Hydrophobic surface is not wettable and is easily charged which may attract particles.

EXAMPLE 2 Change in surface roughness.

Table B.1 and Table B.2, an overview is given on the working ranges for different

bility (see
validation

cleaning
erties and
efficiency
erimental

bents (e.g.
pility with
aminants:

fechnique.
ing on the

cal) as a
chemical

e physical
he cleaning
htic charge.

Indirect effects can bhe caused by different phvcir‘nl-rhpmir‘ql mechanisms as a consd

quence of

secondary interactions (e.g. chemical reactions with specific compounds of the substrate) or as an
interaction with a non-process parameter (post-degradation or oxidation by O; of air, deposits of

residues as a new contamination).

NOTE An indirect effect might not be observed immediately.

Long duration effects result from a slow process (e.g. induced corrosion from chemical conversion

after chemical cleaning, ageing and weakening).

Annex C gives an overview of compatibility with chemical solvents; it is a non-exhaustive list. In the
case of a lack of information for a specific cleaning solvent, the chemical resistance of the material shall

be

assessed through an appropriate test.
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11 Cleaning validation

11.1 General

To assess the suitability of a selected cleaning procedure, the cleaning efficiency and the cleaning
appropriateness should be considered.

For the validation of a cleaning process to reach the required surface cleanliness with respect to
particle concentration and/or chemical concentration, the achieved surface cleanliness SCP and/or SCC
levels should be determined.

Other perfformance-related aspects, such as repeatability, reproducibility and operator influenges,
shall also pe considered. In Clause 8, a set of requirements are defined that are not related tp cleanjng
performance. Although these requirements are taken into account during the selection of the'¢leanjng
method, the validation process shall verify that these requirements are fulfilled.

Figure 3 ajnd Figure 4 are depictions of the terms cleaning efficiency and cleaning appropriateness.

Cleaning dfficiency = 1 - final cleanliness level/initial cleanliness level (expressedas a percentage)

Cleaning dppropriateness = required cleanliness level/final cleanliness level

required cleanliness level

unsuitable cleaning 1} hi
. - : igh
final cleanliness level appropriateness )

cleanliness level
T

low cleaning efficiency

initial cleanliness level

low

Figure 3 — Example for a method with low cleaning efficiency leading to unsuitable cleaninjg
appropriateness

L\ final cleanliness level

suitable _cleaning ‘ high
appropriateness

required cleanliness level

cleanlipess level
T

high cleaning efficiency

initial cleanliness level
- A

low

Y

Figure 4 — Example for a method with high cleaning efficiency leading to suitable cleaning
appropriateness
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11.2 Cleaning efficiency

11.2.1 Evaluation

:2017(E)

For evaluation of the cleaning efficiency, the initial surface cleanliness level and final cleanliness level
shall be determined.

11.2.2 Cleaning efficiency with respect to particle concentration

The cleaning efficiency is calculated by Formula (1):

Cfln
SCP;D
Co =1 )
C
SCP;D
where
D is the particle size, in micrometres (um);
cini is the initial surface concentration, in particles per squaréinetre of surface, of pafticles that
SCP;D  are equal to or larger than the considered particle size D in pm;
cfin is the final surface concentration, in particles persquare metre of surface, of paiticles that
SCP;D  are equal to or larger than the considered particle€ size D in um.
In accordance with [SO 14644-9, the relation with the surface cleanliness class is given by Fofmula (2):
SCP;N
10°~
Csepp =K D (2)
where
Cscp;p 1s the maximum permitted total surface concentration, in particles per squar¢ metre of
surface, of particles that'are equal to or larger than the considered particle size;
SCP;N is the SCP classification number;
D is the considered particle size, in micrometres;
k is the ¢onstant 1, in micrometres.
Combining Forfaula (1) and Formula (2) gives the cleaning efficiency in terms of SCP, in Formjula (3):
) 105CPNgn
— SCP;N .
107 " fin SCP;N. — SCP;N; .
Ceff =1- D =1- - 1_ 10( fin 1n1) (3)
4 ~SCPN. . 4 oSCP:N. .
16 16
k
D
where
D is the particle size, in micrometres;
SCP;N is the SCP classification number;
SCP;Nrip is the SCP classification number of the final surface cleanliness of particles;
SCP;Njni is the SCP classification number of the initial surface cleanliness of particles.
NOTE The cleaning efficiency can also be expressed as a percentage (%).
© IS0 2017 - All rights reserved 11
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EXAMPLE In this example, the smallest particle size that could be measured with the applied measurement
method is 5 um. Therefore, the concentration of the number of particles 25 pm is used.

Theinitial concentration of particles =5 pm per m2 Céréip,s is600000. Therefore, the SCP; Njpj=1g (600000 x 5) =6,5.

The initial surface cleanliness class number SCP;Nj,j = 6,5 for particles equal to or larger than 5 pm.

After cleaning, the final concentration of particles 25 pm per m?2 Cgcnp-s is 1 000. Therefore, the
SCP;Nfjp =1g (1000 x 5) = 3,7.

The final sy

The cleaning efficiency in terms of particle concentration =1 - (1 000)/(600 000) =1 - 1/600 = 0,998 0r'99;8 %
for particlgs =5 um.

Similarly, the cleaning efficiency in respect to the SCP class numbers = 1 - 1037 -6,5) =1 - 10-28 < 0,998 4 or
99,8 % for particles =5 um.

11.2.3 Cleaning efficiency with respect to chemical contamination

The cleaning efficiency is calculated by Formula (4):

Cﬁn
| SCC
Cor 91—+ (4)
C
SCC
where
cini is the initial concentration of the considered chémical (g/m?2);
SCC

cfin is the final concentration of the considered chemical (g/m2).
SCC

According to ISO 14644-10, the relation withthe surface cleanliness class by chemical concentratjon

(SCC) is given by Formula (5):

Coee T 105C€CN (5)

SCC 7

where

SCC;N is the surfacecléanliness of chemical concentration by classification number.

Combining Formula-(4]) and Formula (5) gives the cleaning efficiency in terms of SCC, in Formula (6)

10SCC;Nfin

C . . d41—+—  =1-10
eff 105CCN

(SCC:N g, ~SCCN; ;) ©)

ini
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TE The cleaning efficiency can also be expressed as a percentage (%).

EXAMPLE The initial concentration of the hydrocarbons is 50 mg per m2 for hydrocarbons.

Therefore, the

N 3)_
SCGN; =lg(50x107%) =-1,3

for

hydrocarbons.

The final concentration of the hydrocarbons is 10 ug per m=2.

Therefore, the
- — -6 _
SCE:N —1g(10><10 ) =-5,0.
The cleaning efficiency in terms of chemical concentration =
1-|10 x 10-6/50 x 1 000 x 10-6 =1 - 10/50 000 = 0,999 8 or 99,98 % for hydrocarbans:
Sinpilarly, the cleaning efficiency in respect to the SCC classes =1 - 10(-50+13) =1 - 10-3,7 = 0,999 8
forfhydrocarbons.
11.3 Cleaning appropriateness
11{3.1 Assessment
For evaluation of the cleaning appropriateness, the finakcleanliness level obtained shall be d
andl compared to the required surface cleanliness.
11}3.2 Cleaning appropriateness with respéct to particle concentration
The cleaning appropriateness is calculated:by Formula (7):
requ
_ CSCP;D
app fin
CSCP;D

whlere

:2017(E)

crequ is the required concentration of particles equal to or larger than D pm;
SCP;D

or 99,98 %

btermined

(7)

pm.

(8):

cfin is‘the final particle concentration obtained of particles equal to or larger than D
SCP;D
D is the particle size, in micrometres.
Ac¢arding to ISO 14644-9, the relation with the surface cleanliness class is given by Formula
SCP;N
107+
Cscpp = K
’ D
where
C is the concentration of particles equal to or larger than D um;
SCP;D
D is the particle size, in micrometres;

SCP;N isthe SCP classification number.

© IS0 2017 - All rights reserved
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Combining Formula (7) and Formula (8) gives the cleaning appropriateness in terms of SCP class

numbers, in Formula (9):

SCP;N
I 10(scp;Nrequ—scp;Nﬁn) ©
PP SCRNG,,

If the cleaning appropriateness is less than 1, the chosen cleaning procedure was not suitable.

If the cleaning appropriateness is equal or greater than 1, the chosen cleaning procedure was suitable
and results in a surface at the required cleanliness class.

NOTE The cleaning appropriateness can also be expressed as a percentage (%).

EXAMPLE In this example, the smallest particle size that could be measured with the applied measurement
method is 10 um. Therefore, the concentration of the number of particles = 10 pm is used.

The requirgd SCP;Nrequ = 4,0 for particles equal to or larger than 10 um.

This meang that ng(ly:llo (10 pm) = 10 000/10 pm = 1 000 particles/m?.

The final cgncentration of particles obtained = 10 pm Cgicnp_lo is 1 250 particles/m?

Cleaning appropriateness = ng%l_llo / CSf,i(Ijlp-lo =1000/1 250 = 0,8 — 80 % for‘particles 210 pm.

In terms of|SCP:

SCPNg, ={lg (1250x10) = 4,1.
The CleaniIg appropriateness = 10(4.0 -4,1) = 10-0,1 = 0,8 or 8Q\%.

The cleaning appropriateness does not meet the requirenients.

11.3.3 Cleaning appropriateness with respect to chemical concentration

The cleaning appropriateness is the ratio ofthe required surface cleanliness by chemical concentratjon
under confrolled conditions to the (final) chemical concentration after cleaning, given by Formula (10):

crequ
1 ~ScC
Capp + —C o (o)
SCC
where

creau is the required maximum concentration of the considered chemical (g/m2);
scC

is'the final concentration of the considered chemical (g/m2).

fin
CSCC

According to ISO 14644-10, the relation with the surface cleanliness class by chemical concentration

(SCC) is given by Formula (11):

SCC
Coee = 105N (11)

SC
where

Cscc  is the maximum allowable concentration of the specified chemical substance or group of
substances, expressed in g/m?2;

SCC;N is the common logarithm index of concentration Cscc.
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Combining both Formula (10) and Formula (11) gives the cleaning appropriateness in terms of SCC, in

C]e(lll Clequ Cf 1

fin
CSCC

app (12)

where

crequ is the required maximum concentration of the considered chemical (g/m2);
SCC

cfin is the final concentration of the considered chemical (g/m2).

If the cleaning appropriateness is smaller than 1, the chosen cleaning procedure was not apgpropriate.
If the cleaning appropriateness is equal to or greater than 1, the chosen cleaning procgdure was
appropriate and results in a surface at the required cleanliness class.

NO[TE The cleaning appropriateness can also be expressed as a percentage. (%).

EXAMPLE The required SCC;Nrequ = —4,0 for hydrocarbons. SCC;Nyequ'=0-4 g/m2 = 100 pg/m?2.
Th¢ resulting concentration of the hydrocarbons is 70 pg per m2.

Clepning appropriateness = 100/70 = 1,43 is 143 %.

In ferms of SCC class numbers:
- — -6\ _
SCEN gy = lg(70><10 ) = 4,15,
Th¢ cleaning appropriateness = 10(-4.0 +4,15) = 100,45 = 1,41 is 141 %.

The cleaning appropriateness does meet the r€quirements.

12 Measurement methods

12[1 General

The particle concentrationand/or concentration of chemicals on a cleaned surface can be megdsured in a
dirfect or indirect way-Direct surface cleanliness measurement may be appropriate in situatipns where
thg surface is accessible. The surface under study shall be brought to the measurement instrumentation
or the instrumentation shall be brought to the surface.

The area ofthe surface selected for measurement shall be both representative of the entire frea being
asdessed and the level particle and/or chemical contamination present.

The Gelected surface cleanliness measurement method can be applied to determine the initial and/or
finatsurfacecleantinmesstiass:

Applicable measurement methods are described in ISO 14644-9 and ISO 14644-10.

For further information on measurement methods, see Annex D.
12.2 Direct measurement methods

12.2.1 General

A direct measurement method determines the surface cleanliness with respect to particle concentration
or chemical concentration on the surface of interest of the object that has been cleaned. The resulting
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concentration of particles or the chemical of interest shall be expressed as either concentrations or
surface cleanliness classes (SCP and SCC).

12.2.2 Direct measurement methods with respect to SCP

Count the number of particles >D per surface area. For D, a set of different size bins (D;j and Dj+1) could
be selected. The smallest size D1 shall be equal to or smaller than the particle size of interest.

By using a particular magnification by a magnifying glass or (stereo) microscope, smaller particle sizes
can be counted, but the field of view will be also smaller. When the field of view is too small, the surface
may need tobescantred-tomeasurearepresentativesurfaceareaArepresentativeareatsdetermined
by the arda that may contain at least 20 particles of the size of interest within the intended SCP ¢lpss
[see Formpla (13)].

D
1OSCP

A=>20x

(£3)

12.2.3 Direct measurement methods with respect to SCC

Use a spedtroscopic or advanced surface analysis technique to measure the.chemical contamination of
interest of the surface.

In an enclpsed heating or vacuum system, the SCC can be determinéd by measuring the outgassing of
the surface using mass spectroscopy and associated residual gas analysis techniques.

In some ¢ases, a part of the surface could be removed from the object to fit into an advang¢ed
measurenjent system.

12.3 Indjrect measurement methods

12.3.1 General

An indire¢t method should be used when the'surface to be measured cannot be reached by, is too smfll,
or too large for the available measurement system.

12.3.2 Indirect measurement methods with respect to SCP

For this r:]ethod, particles should be removed from the surface into either another medium (air, liquid)
or onto anfother surface.

The transfer efficiency.shall be taken into account and will depend on the transfer method, particle gize
and surfag¢e properties.

For partidles suspended in a liquid or a gas, either a filtration method with subsequent microscopic
analysis of diserete particle counting method can be used. For transfer surfaces, a direct measurempnt
method cdn be nsed

Count the number of particles >D per surface area. For D, a set of different size bins (D; and Dj+1) could
be selected. The smallest size D1 shall be equal to or smaller than the particle size of interest.

To determine the original surface contamination, the measured number of particles should be divided
by the surface area from which the particles are removed.

A smaller particle size can be counted by using a higher magnification. However, the field of view
will be also smaller. If the field of view is too small, the surface may need to be scanned to measure a
representative surface area. A representative area is determined by an area that may contain at least
20 particles of the size of interest of the intended SCP class [see Formula (11)].
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To measure the concentration of chemicals of interest on the surface of an object, the chemicals can
be extracted by the chemical contamination being dissolved into a solvent. The solvent containing the
extracted chemicals can then be analysed by an appropriate chemical analysis technique. In a heating
or vacuum system, the chemical contaminants can be concentrated in a sorbent and measured by an
appropriate chemical analysis technique.

The transfer efficiency should be taken into account and depends on the transfer method, the chemicals
of interest and the surface properties.

Th
rey

13
Th

e mass of the chemicals of interest shall be divided by the surface area from which the che
hoved to determine the original concentration.

Documentation

e results from each step in the decision tree (see Figure 2) shall be recorded and subnj

comprehensive report, along with a statement of compliance or non-compliance with thd

g03
on

Th
a)
b)
‘)
d)
e)
f)

g)
h)

NO
iny|

s, as described in Clause 5 to Clause 12. For simple cases, steps mdyybe combined and r
e document.

e report shall include the following:

the name and address of the executive organization;

the staff identification and the date on which testsgnere performed or decisions were m4
areference to this document, i.e. ISO 14644-13:2017;

the specified designation criteria for the object;

the boundary conditions and assumptions;

micals are

itted as a
specified
pported in

de;

the applied methods and procedures, e.g. ISO 14644-9 for surface particle cleanliness and

[SO 14644-8 for classification @ir‘cleanliness by chemical concentration and ISO 14644-
cleanliness by chemical concéentration;

the measuring instruments applied and proof of calibration;

the results, either from assessments/selection procedures or experimental results. For
on cleaning validation, the documentation requirements of ISO 14644-9 and ISO 14644
ISO 1464 4-10-shall be followed;

a transfefistatement for starting the next step.

TE In* the decision tree (see Figure 2) assessments, selection procedures and experimental
plved.\Therefore, the text refers to executive organization and staff identification instead of the

ter

10 surface

he results
-8 and/or

tudies are
often used

hnstesting organization and operator identification.
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Annex A
(informative)

Aspects of cleaning

flooring tiles, ceiling panels,...)

what - -
—w—' fixed/non-mobile equipment l—()

mobile objects
cleaning object physical
validation description properties

| cleanroom installation(walls,

measurement
techniques applied

dimensionis,

A

extraction
techniques

surfacesrelated

assessment of

surface cleanliness hydrophyl
hydrophob |
damaging of surfaces lipophyl |
harshness of hemical lipophob |
cleaning technique material surface oxidation |

oxidation compatibility
of the surface corrosion |
residues on reactivity/activity |
the cleaned surfaces

eg. |

®-| Thertpal cleaning |—
®-| Blasting cleaning |—

organic materials

A

N N A Y A N Y A O I e B e

inorganics |—()
| Hot vdcuum purge |— - |
n ceramics
| Electrogtatic cleaning |——| glg;ll;agl |— aterial
: metals
|Adhesive Lift-off- cleaning |— |
- - composites |
@-l Wet cleahing techniques |—
O—l Dry cleaping techniques |— cleaning coatings l_()
| techniques glasses |
| Etching & Leaching |—
- material
| Cheml|cal reaction |— combinations/
configurations
| Uy Ozone |_ chemical | &
®_| Solvint dl I_ cleaning
| Plasma |—
[ Advanked oxidation |- other cleanliness
requirements specifications

concentration

Figure A.1 — Detailed non-exhaustive overview of cleaning aspects
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Annex B
(informative)

Cleaning methods

B.t—Gemnerat

It is important to note that some cleaning methods are only for application outside the ¢leapnroom for

pr¢-cleaning.

The number of available techniques is extensive. This overview gives an indieation of thg
clepning methods. The methods are divided into:

— | mechanical cleaning;

— | fluidic cleaning;

— | chemical cleaning;

— | blasting cleaning techniques.

In some cases, combinations of the described cleaning methods can be applied.

For all dry cleaning techniques, tribo-electrical effects may cause charging of the surface. Ele
atfraction plays an important role in the adhesion of dust particles to a product surface. |
eliminate this adhesive force, an equal number'of positive and negative ions can be generated
air{and transported to the surface of the product where they neutralize the electrostatical
dus$t particles and the surface itself. By neutralizing the surface particle re-deposition is avoi

B.2 Mechanical cleaning

B.2.1 Wiping

Principle: Soft, non-abrasive, non-cross contaminating materials can be utilized to remo

available

ctrostatic
h order to
in ionized
y charged
Hed.

ve lightly-

adhering contaminants’/(dust, dirty water, etc.). If a wiping process is performed using a cleapning fluid,

thg chemical action-of the cleaning agent is essentially responsible for the cleaning effect. |
detach and remievé contaminants with a wipe or a supported wipe, the adhesive forces be|
comtaminatienyand object surface need to be overridden by frictional movements.

Aregas of-application: Wiping is especially effective for removing liquid and particle contamin
ustially\a manual process.

h order to
tween the

ation. It is

B.2.2 Brushing/sweeping

Principle: The cleaning technique of brushing/sweeping is the purely mechanical wiping off or abrading
of generally solid contaminants from an object surface through the action of bristles. Brushes with soft
bristles made of plastic or natural fibres are used to remove easily-detachable contamination, such as
dust. For strongly-adhering contaminants such as oxides, scale or paint, stiffened, non-shedding bristles
may be utilized. All materials which are not damaged by the chosen brush or where a minimum degree

of surface abrasion is tolerated can be cleaned in this way.

Areas of application: Brushing/sweeping is frequently used to clean flat surfaces.
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B.2.3 Scraping/abrading

Principle: Scraping or abrading is a mechanical separation technique in which adhering solids are lifted
up by a tool placed beneath them (e.g. blade or scraper) and then removed.

Areas of application: Scraping/abrading is implemented to remove strongly-adhering material residues
from essentially smooth surfaces.

B.2.4 Grinding

Princip]e; Crinﬂing is the removal of cnpprfir‘iq] contamination hy abrasion where ncnqﬂy rotating
grinding discs or high-speed circular grinding belts are used. Grinding is capable of removing strongly-
adhering ¢ontaminants such as scales, oxides, rust, coatings or paints quickly and effectively.(Fhe fact
that a cerfain amount of base material will be abraded as well should be taken into account,

Areas of application: As the grinding discs used are made of grains of hard material (e.g;silicon carbide,
diamonds) embedded in a bonding material, the selection of the grain/bonding material'is decisive [for
the grindihg process.

B.3 Flujdic cleaning

B.3.1 Washing/rinsing/drying

Principle:[ Cleaning with the aid of liquid agents often involves washing in order to remove the
detached/emulsified contamination, as well as the active ingredients of the solvent cleaning agpnt
itself, e.g. urfactants and emulsifiers, from the object surface. This prevents contaminants from bejng
transferrdd to the next cleaning step or causing re-contafitination in a subsequent rinsing or dryjng
process.

Rinsing isfapplied to remove unwanted residues of the washing process.

Drying is|generally the final step. It removes/the remains of the cleaning medium of the previgus
process. [ does not remove contamination frem the previous process.

Areas of application: Rinsing processes,are principally used to achieve improved cleanliness levels affter
cleaning with aqueous fluids.

B.3.2 Compressed gas cleaning

Principle:[With this cleaning technique, surfaces are cleaned by the action of a jet of gas whicl is
directed at an object athigh speed via a nozzle. The gas jet exerts an aerodynamic force on the partitle.
If the aeljfdynamic resistance of a particle exceeds the adhesive force between the particle and fhe
surface, the particle‘is detached from the surface and carried away with the flow of gas. In particuar,
the technjque allows dry, loosely-adhering contaminants, such as dust, to be removed effectivgly.

Particles Jn the'micrometre size range can no longer solely be removed by use a high-speed jet of gas.

Particles gre-suspended in the gas and can be re-deposited at other locations. lonized gas can supprgss
the electrostatic charge of the surface.

Areas of application: If only dry contamination is present, good cleaning results can be achieved for
particles larger than 5 pm. Liquid or paste-like contamination can also be removed partially as long as
higher pressures, e.g. by using supersonic (Venturi) nozzles, are applied.

B.3.3 Vacuum cleaning

Principle: A suction nozzle is placed above the object’s surface to be cleaned and being connected to
a pump creates a negative pressure which causes an air flow away from the object’s surface. This
airflow exerts an aerodynamic force on the particle contamination. If the aerodynamic resistance of the
particle exceeds the adhesive force between the particle and the surface, the particle is detached from
the surface and carried away with the airflow. Vacuum cleaning is especially suitable for removing dry
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contamination such as dust particles. Usually, this technique is unsuitable for removing particles in the

micrometre range.

Areas of application: Vacuum cleaning is used in controlled environments and for hard to reach areas.

B.3.4 Sonic cleaning

B.3.4.1 Ultrasonic cleaning

sui
sp1
pré
dis

|

ead longltudlnally through the Cleanlng agent Imploding cav1tat10n bubbles create
ssures of approximately 1 000 bar which will blast off contamination from surfaces\whic|
solved or dispersed into the cleaning fluid. After cleaning, the surfaces need to betirised g

Ultrasonic action is also active at internal surfaces that are otherwise hard to cléan.

Areas of application: Ultrasonic cleaning achieves extremely high quality tesults within a
tinje, even for complex-shaped objects, crevices and drill holes. In general, ultrasonic cleaning
clepning technique which can be used to clean delicate surfaces withput-damaging them.

B.3.4.2 Megasonic cleaning

Principle: Megasonic cleaning relates to the group of sonic ¢leanhing. As megasonic cleaning u
frejquencies (often in the range of 800 kHz to 2 000 kHz) than ultrasonic cleaning (20 kHz to j
crdates less cavitation and therefore causes less damage-to the surfaces to be cleaned. Acou
in the cleaning fluid generate pressure variations which remove contamination from surface
face of the object facing the transducer(s) is cleaned.

Areas of application: Medical implant, flat paneland wafer manufacturing or industrial partg

B.3.5 Spray cleaning

Pr1nc1ple Wlth ultrasonlc cleanlng, the ob]ects to be cleaned are suspended in a bath filled with a

walls that
very high
h are then
nd dried.

Very short
is a gentle

ses higher
00 kHz) it
stic waves
5. Only the

cleaning.

Principle: Cleaning liquid enters dnder increased pressure in the cleaning environment
ide range of cleaning agents. can be used in combination with water. The cleaning

chamber).
action is

characterized by a high impactef cleaning spray and a continuous refreshment of the cleaninpg agent. In

a spray cleaner, either the object to be cleaned or the nozzle can be moved in order to cover
object surface.

Aregas of application: Spray cleaning is used for a wide range of objects.

the entire

and llquld

Blasting cleaning techniques should only be applied to robust surfaces.

B.4.2 Gas blasting

B.4.2.1 Compressed air blasting

Principle: Surfaces are cleaned through the action of various blasting agents which are carried in the
compressed gas blast and applied at fixed or fluctuating speeds to the object to be cleaned. The method
is highly versatile as it removes contamination, debris, corrosion, scale and paint. The high kinetic
energy transferred by the blasting agent impacting onto the surface may cause damage.
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Areas of application: Suitable for cleaning components and structures of every size and description,
only areas in direct contact with the impacting media will be cleaned properly.

B.4.2.2 Wet compressed air blasting

Principle: The method is similar to that of compressed gas blasting. However, here a blasting jet
composed of air is used to accelerate water and a blasting agent.

Areas of application: The method is appropriate for cleaning surfaces and structures of every size and
shape. After application, the surface to be cleaned will be covered with a slurry which needs to be
removed yrt i j gt

B.4.2.3 (O3 pellet cleaning

Principle: Dry ice pellets at approximately -80 °C (diameter/length in millimetre range) are accelerated
to almost|supersonic speed (300 m/s). The rapid cooling of the surface leads to embrittlement of fhe
surface layers. During sublimation of CO2, adhered contamination can be easily ?¢moved from the
surface. It|is less abrasive than pressurized fluid blasting.

Areas of gpplication: The method can be utilized on nearly all materials. As.the method has abrasjive
character,[some “soft” surfaces might be visibly roughened.

B.4.2.4 Accelerated COz snow cleaning

Principle:[Accelerated CO; snow cleaning is a dry and solvent-free process. As carbon dioxide expanpds
rapidly; it{changes from liquid CO2 to a mixture of solid CO2 (dry ice) and gaseous COz. The dry ic¢ is
then blasted onto the surface to be cleaned accelerated by pufe nitrogen. COz snow cleaning is a further
development of the CO; pellet cleaning. CO3 snow cleaningis less abrasive than CO3 pellet cleaning.

Areas of gpplication: COy snow cleaning has a broad scope of usage, ranging from precision cleanjng
right up tp the cleaning of large surface areas. Itycan be utilized to clean highly sensitive surfages.
Particle cgntamination can be removed, as wellias’oil films, grease, fingerprints and flux residues.

B.4.3 Liguid blasting

B.4.3.1 Pressurized liquid blasting

Principle:[A jet of liquid under high pressure is directed via a nozzle at the surface to be cleaned. A sqlid
blasting njaterial can be added’to the liquid to increase the abrasive action. Ideally, even single layer$ of
a coating $ystem can be eleaned off. After application, the surface to be cleaned will be covered with a
slurry which needs to be'removed with an air or water jet after the cleaning is completed.

Areas of applicatign:)Suitable for all sizes and shapes of cleaning surfaces and structures; only the argas
in direct dontact with the impacting media will be cleaned properly.

B.4.3.2 Low-pressure water jet blasting

Principle: Method similar to that of compressed air blasting. However, very little water is added to the
blasting agent/air mixture in front of the nozzle. In contrast with compressed air blasting, a surface
prepared using this method is initially wet.

Areas of application: Suitable for all sizes and shapes of cleaning surfaces and structures; only the areas
in direct contact with the impacting media will be cleaned properly. It is invariably used in cases where
dust and water levels need to be kept low.

B.4.3.3 Elutriation blasting

Principle: A fine-grained material dispersed in water or other liquid is blasted at high speed onto the
surface to be cleaned. In contrast to wet compressed air, the liquid accelerates the blasting agent.
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Elutriation blasting is used to clean and micro-finish surfaces at the same time. After elutriation
cleaning, rinsing is necessary to get rid of any adhering blasting agent residues. Elutriation blasting is
suitable for producing a fine and even surface profile.

Areas of application: Precision casting, micro-/precision deburring, polishing surfaces, cleaning
surgical instruments.

B.4.3.4 Steam blasting

Principle: Heated, pressurized water expands in a nozzle, resulting in a hot vapour spray being
apph —Fhris fc i i by adding

Are¢as of application: Steam blasting is applied where strong mechanical washing and rinsipg actions
arg¢ required.

Chemical cleaning

B.5.1 General

Wikh chemical cleaning techniques, a cleaning agent reacts with the contamination present [to remove
it. The cleaning agent then either evaporates or can be easily rémoved.

B.5.2 Etching
Principle: Etching is the removal of the surface layer with contamination by chemical reactiop.

Areas of application: Removal of coatings and findl cleaning of components.

B.5.3 Chemical reaction

Principle: Specifically selected chemicals-are used in a targeted way to convert contaminatidn through
a chemical reaction into other compounds which are either volatile or easy to remove.

Areas of application: With this principle, surfaces can be descaled, for example, by using acid|{c aqueous
solutions.

B.5.4 Vapour cleaning

Principle: Vapour-eleaning is often used in combination with ultrasonic cleaning in a fast drying
enyironment-friendly solvent. The effect can be enhanced by using a mixture of chemigals. After
immersion, a filin of solvent covers the surface of the object. In this film, the remaining contamination is
digsolved erdispersed. By moving the object through a cold zone, the film is stripped from tle surface.
ThE objectleaves this zone with a dry surface.

Areasof application: Metallic objects, electronic parts, degreasing.

B.5.5 Plasma cleaning

Principle: In plasma cleaning, a mixture of reactive species is created that sputter the surface of the
object. This cleaning action releases contamination from the surface and additionally creates a reaction
that transfers contamination into a gas phase which can be removed by a vacuum system.

A plasma cleaning process is executed in a vacuum system. However, there are also atmospheric
solutions available. The agitation energy is either in the RF range (13,6 MHz) or in the microwave
range (2,4 GHz). As a cleaning gas, several pure gases or combinations can be selected: argon, nitrogen,
oxygen, halogens, etc.

Areas of application: Electronic parts, plastic objects, metallic objects, optics.
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B.5.6 Ozone cleaning

Principle:
generated

In ozone, reactive O3 species are used to oxidize organic contamination. The ozone is
and activated by UV light.

Areas of application: Flat objects like glass plates, optics.

B.6 Working ranges of described cleaning techniques

In Table B

.1 and Table B.2, an overview is given of typical working ranges for the applicability of some

cleaning t

bchniques. The grey area within the tables is the area where these techniques can be applied.
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Table B.1 — Working ranges of described cleaning techniques for particle removal

ISO 14644-13:2017(E)

B.2.2 Brushing/Sweeping
B.2.3 Scraping/Abrading
B.2.4 Grinding

Cleaning techniques

Particle removal high contamination low contamination
Technique SCP8 SCP1
B.2.1 Wiping

A

B.3. Fluidic cleaning

B.3.1 Washing/Rinsing/Drying
B.3.2 Compressed gas cleaning
B.3.3 Vacuum cleaning

B.3.4 Sonic cleaning

B.3.4.1 Ultrasonic cleaning
B.3.4.2 Megasonic cleaning
B.3.5 Spray cleaning

B.4. Blasting cleaning techniques

B.4.1 General

B.4.2 Gas blasting

B.4.2.1 Compressed air blasting
B.4.2.2 Wet compressed air blasting
B.4.2.3 CO; pellet cleaning C
B.4.2.4 Accelerated CO, snow cl;eal'n‘iﬁg
B43 Liquidblasting S
B.43.1 '
B.4.3.2

Pressurized liquidiﬂasting
Low-pressure‘vx;ater jet blasting
B.4.3.3 Elutria'tionvblasting

B.4.3.4 Ste.:a;n‘blasting

B.5. Q%Hivcal cleaning

B.5.1  General
B.5.2 Etching

B.5.3 Chemical reaction

B.5.4 Vapour cleaning
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25


https://standardsiso.com/api/?name=f5f9bf5e85553eb1b1eda0fc8e05f4d7

ISO 14644-13:2017(E)

Table B.2 — Working ranges of described cleaning techniques for chemical removal

Chemical removal

high contamination

low contamination

Technique

ScC-1

B.3. Fluidic cleaning

B.3.1 Washing/Rinsing/Drying

B.3.2 Com

pressed gas cleaning

SCC-12

B.3.4 Soni
B.3.41 Uly
B.3.42 Me
B.3.5 Spra

cleaning
Fasonic cleaning
pasonic cleaning

cleaning

B.4. Blasting cleaning techniques

B.4.1 Geng
B.4.23 (O
B.4.24 Ac
B.4.3 Liqu

B.4.3.1
B.4.3.2
B.4.3.3
B.4.3.4

Fal

pellet cleaning
elerated CO, snow cleaning
d blasting

Prgssurized liquid blasting

Lo

-pressure water jet blasting

Elytriation blasting

Ste

hm blasting

B.5. Chemidal cleaning

B.5.1
B.5.2
B.5.3

Genefal
Etching
Chenpical reaction

B.5.4
B.5.5
B.5.6

Vapg
Plas

0zor}

ur cleaning
ha cleaning

e cleaning
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Annex C
(informative)

Material compatibility with cleaning agents

:2017(E)

Chemical compatibility of materials with cleaning liquids has been tested extensively. Table C.1 gives

exdmples of compatibility for a variety of materiats with the most common organic cleami
This table gives insights into liquids that can be used for cleaning with minimal damage-to
Thfs table only applies for room temperature. Chemical blends, elevated temperatures
mechanical action may still result in damage. Note that tables like Table C.1 can bé.used
indication. It is strongly recommended to conduct experimental compatibility tests. Same
(nqtably polymeric materials) from different suppliers are likely to behave differently. Ever
batch variation can be expected.

Other sources for material compatibility are available (see Bibliography):

hg liquids.
he object.
and high
bnly as an
materials
batch-to-

Taple C.1 — Examples of compatibility of various solvents with:listed materials (indicafive only)
Iso-
Type of material Ag?;::i' l\:fltol}' Ertll:)?' E;l(;c ﬁ)c:‘; Elggftlhlg- r?)lr;l;lt(;l C?(::::'
alco- tone ane
hol
polymer .\\}‘
Acetal (polyoxymethylene) ACL & A A A C A
Epoxy B A A B C C
Ethylene-chlorotrifluoroethylene E-CTEE A A A B A C A
copolymer
Ethylene-tetrafluoroethylene ETFE A A A B A B A
Fluoroethylene propylene FEP A A A A A A A
Tetrafluoroethylene TFE A A A A A A A
Perfluoroalkoxy PFA A A A A A A A
Polyamide D D D A A B C
Polycarbonates PC B A A D D D D
Low density Polyethylene LDPE A B A D D D C
High density Polyethylene HDPE A A A D D C C
Polyimide B B B B B B B
Polymethyl methacrylate PMMA D D D D D D D
Potyketone (PEEK) A A A A C
Polystyrene PS B A A D D D D
Polysulfone PSF A A B D D D D
Polyethylene terephthalate PET A A A C A D D
Polypropylene PP A A A B B C D
Polyurethane PUR C C C D D D D
Polyvinylidene fluoride PVDF A A A D D A A
Silicone A C A D D D D
Vinylidene fluoride - hexafluoro- C A A D D A
propylene
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