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Foreword

[SO (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 maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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edition cancels and replaces the second edition (ISO 9211-3:2008), which has been t

thanges are as follows:

bw section that explains the test code notation to use when specifying a coating envi
lity test.
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Add new section for a general use case when specifying coating environmental durability tests and the

sequence they follow. This is used for test sequences that are not similar to any of the standard categories
of use.

[SO 9211-2.

Add new Annex A that includes the previously shown Table 1.

Add new relevant degrees of severity from ISO 9022-2/Amd.1 and 1SO 9022-4/Amd.1.
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— Add conditioning methods and degrees of severity shownin IS0 9211-5 to IS0 9211-8 notlisted previously.

— Clarify descriptions in previous Table 1 to match what is listed in the conditioning method table for each
test.

— Separate solvent solubility line in previous Tables A.2, A.3 and A.4 to two lines, separating acetone and
ethanol.

— Add new Annex B explaining how to use category O.
Alist of all parts in the ISO 9211 series can be found on the ISO website.

Any feedback or questlons on thlS document should be directed to the user’s national standards body. A
complete list 3 SURTVATIAT

o.org/members html
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onal Standard ISO 9211-3:2024(en)

Optics and photonics — Optical coatings —

Part 3:

Environmental durability

1 Scop

ISO 9211

(spectacle
defines the
intended t

This document specifies general use and standard categories of use for optical eeatings and ident

environmsg

-

series) describes surface treatments of components and substrates excluding ophthalmic optics
5) by the application of optical coatings and gives a standard form for their '$pecification. It
e general characteristics and the test and measurement methods whenever necessary, hut it is not
b define the process method.

fies which
ntal tests are necessary to prove that the coatings meet the required-specification. The mechanical

and chemi
be assess
and in IS
exposure
described

al properties of coated optical elements, and more generally their environmental durability, can
d by a variety of methods. The test methods are generally des¢ribed in various parts of ISO 9022

9211-4. These test methods are selected to give meaningful results representative¢ of actual
f optical elements in their operating environment, alterfiatively to the minimum requifements as
in [SO 9211-5 to ISO 9211-8, which are coating type related.

ative references
ing documents are referred to in the text in'such a way that some or all of their content donstitutes
nts of this document. For dated referenees, only the edition cited applies. For undated feferences,
dition of the referenced document (including any amendments) applies.
, Optics and photonics — Environmental test methods — Part 1: Definitions, extent of testjng

, Optics and photonics — Environmental test methods — Part 2: Cold, heat and humidity

, Optics and photonics - Environmental test methods — Part 4: Salt mist

, Optics and photanics — Environmental test methods — Part 6: Dust
, Optics and pHotonics — Environmental test methods — Part 9: Solar radiation and weathering

1, Optics.and photonics — Environmental test methods — Part 11: Mould growth
2, Optics and photonics — Environmental test methods — Part 12: Contamination

4, Optics and photonics — Environmental test methods — Part 14: Dew, hoarfrost, ice

ISO 9211-4, Optics and optical instruments — Optical coatings — Part 4: Specific test methods: abrasion,
adhesion and resistance to water

3 Terms and definitions

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

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

© IS0 2024 - All rights reserved
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— IEC Electropedia: available at https://www.electropedia.org/

4 General information for use

4.1 Environmental test code

The coating environmental durability tests should be listed according the environmental test code notation.
In the case that the ISO base number is the ISO 9022 series, the part of ISO 9022 shall not to be listed, as per
the notation in ISO 9022-1, as shown in Figure 1. Only the conditioning method and degree of severity shall
be listed following the ISO 9022 base number for the test code.

IS0 9022 XX -XX
ISO base number
Conditioning method
Degree of severity
NOTE [he test code notation from ISO 9022-1 is slightly different in that this.description does not|include the

statement ‘[Environmental test”. The environmental test name should be included-as a descriptor to the enylironmental
test code td avoid confusion, but is not directly a part of the environmental test code.

Figure 1 — Code for environmental tests
If the environmental durability test is one specified from ISO9211-4, the ISO base number shall he listed as

9211-4, as|shown in Figure 2. This notation still includes.the conditioning method and degree of sgverity.
[SO 9211-4 XX XX

ISO base number Q

Conditioning methad

Degree of sevefity

NOTE [he test code notation,from ISO 9211-4 is slightly different in that this description does not|include the
statement ‘lCoating environmental durability test”. The coating environmental durability test name should pe included
as a descriptor to the envirohmental test code to avoid confusion, but is not directly a part of the environmental test
code.

Figure 2 — Code for coating environmental durability tests

4.2 Standard categories of use

4.2.1 General

Four standard categories of use and one non-standard category of use are defined. The four standard
categories of use represent different environmental conditions that a component may experience. Each
category requires either different environmental tests and/or different degrees of severity. These categories
are listed below in order of severity of requirement. These categories are a summary of use cases and are
not exhaustive of all instances.

A complete description of environmental durability tests, necessary for all standard categories of use, shall
be implemented as provided in Annex A.

© IS0 2024 - All rights reserved
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4.2.2 Category A

This category refers to components in applications which would normally only apply when they are
to be mounted internally within sealed units. In this category, handling is in a protected and controlled
environment and should only take place with extreme care. Physical contact with the optically coated
surface is discouraged. See Table 1 for complete test sequence.

Table 1 — Default test sequence for Category of use A (one test sample is used)

=% -
2 =
; Test code Test Description g-
= 3
1 1SO 9022-10-05 Cold Expose to a temperature of -25 °C = 32€ .
for 16 h
11l Expose to an atmosphere of 55 °C\¥ 2 °C
2 150 9022-11-03 Dry heat (below 40 % relative humidity) for 16 h x

4.2.3 Cdtegory B

This category refers to applications where components will be exposed©nly to a controlled enyironment.
Such applirations may involve mild abrasion such as occurs with carefully controlled cleaning. See Table 2
for complgte test sequence.

Table 2 — Default test sequence for Category of use’'B (two test samples are used)

o — ~

2 = =

é Test code Test Description E- E-

] < <

= W W

1 140 9211-4-02-01 Adhesion: tapétest Slow tape removal X X

2 | 1909211-4-01-01 | Abrasion:cheeSecloth/ g4 i\ oy os cheesecloth X

eraser test

3 150 9022-10-07 Cold Expose to a temperature of =35 °C + 3 °C <

for 16 h
11, Expose to an atmosphere of 70 °C + 2 °C

4 $09022-11-05 Dry heat (below 40 % relative humidity) for 6 h X
Expose to climatic conditions of 90 %

5 IS0 9022-12:06 Damp heat to 95 % relative humidity and 55 °C + 2 °C X

for6h

-25°C+3°Cto+55°C+2°C

Number of cycles: 5

Dwell time: wait until sample has reached
6 IS0 9022-14-02 Slow temperature change |a temperature within at least 3 K of the test X
chamber temperature but not less than 2,5 h
Test chamber temperature change rate: be-
tween 0,2 K/min and 2 K/min

Laboratory agent: Acetone

7 [SO 9022-87-01 (CHCOCH,) 5 min X
Laboratory agent: Ethanol .

8 [SO 9022-87-01 (C,H-0H) 5 min X

9 IS0 9211-4-02-01 Adhesion: tape test Slow tape removal X X

© IS0 2024 - All rights reserved
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4.2.4 Category C

This category refers to applications where components will be exposed to normal outdoor ambient
conditions and cleaning but without severe abrasion and scratching. See Table 3 for complete test sequence.

Table 3 — Default test sequence for Category of use C (three test samples are used)

= -l N ye]
2 2 2 2
; Test code Test Description E- E- E-
o < < )
= wn ©n w
1 [SO[9211-4-02-02 Adhesion: tape test QuicK tape removal X X X
2 | 150[9211-4-01-02 | APrasion: cheesecloth/ 44 o4\ oy es cheesecloth X
eraser test
Resistance to water: |Immerse in distilled or deionized water
3 | 150p9211-4-04-01 exposure to water  |ata temperature of 23 °C + 2 °Cfor 6 h X
4 | 150l0211-4-04-07 Resistance to water: |Immerse in bqlhng distilled or deionized <
exposure to water water for 5 min
Expose to a temperature of
5 | 1S 9022-10-07 Cold T35 0C £3°C for 16 h X
Expose to an atmosphete of 70 °C = 2 °C
6 150 9022-11-05 Dry heat (below 40 % relatiyéhumidity) for 6 h X
Expose to climatie conditions of 90 %
7 ISQ 9022-12-07 Damp heat to 95 % relative humidity and 55 °C + 2 °C X
for16 h
-35°C+3eCto+63°C+2°C
Numberof cycles: 5
Dweéll time: wait until sample has reached
3 150 9022-14-05 Slow temperature dtemperature within at least 3 K of the X
change test chamber temperature but not less than
2,5h
Test chamber temperature change rate:
between 0,2 K/min and 2 K/min
Laboratoryagent: Ace- .
9 IS¢ 9022-87-01 tone (CH5COCH.) 5 min X
Laboratory agent: Etha- .
10 ISQ 9022-87-01 ol (C,HL0H) 5 min X
Adhesion: .
11 | 1SO[9211-4-02-02 Quick tape removal X X X
tape test
4.2.5 Cdtegory-D
This categpry.refers to applications where components will be exposed to severe outdoor ambient conditions
and uncortreHed—elesrirewiththeriskelsevereabrasternandseratehine—See————fer—esmplele lest
sequence.

© IS0 2024 - All rights reserved
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Table 4 — Default test sequence for Category of use D (four test samples are used)

a - 3\ on <+
2 Lle|lele
s ipti o | 2| 2|
e Test code Test Description £ £ = £
o < ) ) )
= 2] ¥ ¥ wn
1 | ISO09211-4-02-02 Adhesion: tape test | Quick tape removal X X X X
2 | 1509211-4-01-03 | AAPrasion: cheesecloth/ 15 (1o eraser X

eraser test
Resistance to water: |Immerse in distilled or deionized water
3 | 1509211-4-04-02 exposure to water  |ata temperature of 23 °C + 2 °C for 24 h X
ALOA Resistance to water: |Immerse in salt water (45 g NaCl/1)
4 | 150P211-4-04-05 exposure to water at a temperature of 23 °C + 2 °C for 24 h X
5 | 150 b211-4-04-08 Resistance to water: |Immerse in boi'ling distilled or deionized <
exposure to water water for 15 min
6 | 150b211-4-04-09 Resistance to water: |Immerse in boiling salt water (45 g Na- <
exposure to water Cl/1) for 5 min
7 1sd 9022-10-09 Cold Expose to a temperature of =55 °C £ 3 °C <
for16 h
a1 Expose to an atmosphere of85 °C + 2 °C
8 150 9022-11-06 Dry heat (below 40 % relative hufnidity) for 6 h X
Expose to climatic cenditions of 90 % to
9 1SQ 9022-12-03 Damp heat 95 % relative humidity and 40 °C £ 2 °C X
for10d
-50°C+3°Cto+70°C+2°C
Number of ¢ycles: 5
Dwell tiine: wait until sample has
10 1S4 9022-14-07 Slow temperature reached a temperature within at least X
change 3 Kof the test chamber temperature but
not lessthan 2,5 h
Test chamber temperature change rate:
between 0,2 K/min and 2 K/min
11 150 9022-40-08 Salt mist Expose to salt spray fog of 35°C + 2 °C <
for 24 h
e Laboratory/agent: Ace- .
12 1SQ 9022-87-01 ton (CH,COCH,) 5 min X
e Labordtory agent: Etha- .
13 1SQ 9022-87-01 nol (C,H,0H) 5 min X
14 | 1SO p211-4-02-02 Adhesion: Quick tape removal X X X X
tape test
4.2.6 CdtegoryO
This category reters to applications which require special, non-standard, Specitications that follow similar

test sequences as Categories A to D. Since the specification of the components in such cases will not exactly
fit into one of the categories A to D, the recommended way to specify in such a case is to indicate first the
category in which most requirements are satisfied. The exceptional requirements can then be specified
from other categories or by indicating the test degree of severity.

EXAMPLE
03”.

NOTE

“Category C; Abrasion tests: cheesecloth/eraser test, Damp heat: Category B; Adhesion tests: tape test

© IS0 2024 - All rights reserved
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eral use case

In the instance that the environmental durability tests do not follow similar test sequences as Categories A to
D, all environmental tests shall be noted either as explicit text or shown in a tabular format. This description
shall be indicated on a drawing or shown in a coating specification document.

4.4 Ope

rating and storage conditions

The optical coating environmental durability specifications are intended as transport, storage or
unprotected conditions. These would be considered a state of operation 0 or 1 as per ISO 9022-1. Due to the
nature of optical coating environmental durability tests, it is not necessary to include the state of operation
when listing the environmental test code.

4.5 Ten

For some t
tolerances
according
numerical

4.6 Infl

It should
determine
do so whe
solubility,

4.7 Cen

This docuinent does not apply to cemented coatings. The environmental stability of such a substrat

cement-su
properties

5 Indid

5.1 Standard categories of use

The stand
durability
steps, and

EXAMPLE

jperature conditions

ypes of coating, e.g. bandpass filters and accurate edge filters, it may be necessaty th
shall be maintained within a certain temperature range. This should be.specified
to the requirements of the application. This specification would occut in the optig
specification of spectral characteristics as defined in ISO 9211-2.

1ence of the substrate

be kept in mind that it is not the coating but the entire ceating-substrate combinat
s the category of use. For instance, coatings on glass, nermally satisfying category C,
n applied to sensitive or unstable substrates. This is\likely to become apparent wit
humidity, heat, and salt spray tests, for example.

jented coatings

bstrate combination depends too muchyon properties of the cement, as well as thg
, e.g. thermal expansion, of the two substrate components involved.

ations on drawings

rd categories of use-are indicated on a drawing by a statement identifying coating envi
test and category they follow. No further information is necessary regarding the test
number of samples to test.

“Coatinglenvironmental durability test: Category A”.

5.2 Genleral use case

ht spectral
beparately,
al coating

ion which
might not
h the rain,

e-coating-
(relative)

ronmental
codes, test

5.2.1 General

The general use case for coating environmental durability tests shall be indicated on a drawing by either
direct statements listing the coating environmental durability test, test steps, test code, and number of
samples to test as text statements or shown in a tabular format.

Itis also suggested to include the test description along with the test code.

A complete list and description of environmental durability tests relevant for optical coatings shall be
implemented as provided in Annex A.

© IS0 2024 - All rights reserved
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5.2.2 Direct description

An example coating environmental durability test sequence is shown below. This notation is suggested to be
written on a coating specification document that accompanies a drawing.

EXAMPLE “Coating environmental durability test: test step 1, ISO 9022-12-08 (Damp heat), 1 sample; test step 2,
1S0 9211-4-01-01 (Abrasion), 1 sample; test step 3, 1SO 9211-4-02-01 (Adhesion), 1 sample.”

5.2.3 Tabular description

An example environmental test code table is shown in Table 5. The table shall include an indication of
coating environmental durability tests, the test step, test code, number of samples to be tested and in the
case of multiple samples tested, the sample on which each test should occur. This notation is suggested to be
written difectly on a drawing.

Though ndt required, it is suggested to also include the test description along with the testcode.

Table 5 — Example environmental test code table

Coating environmental durability test
Test step Test code Test description Tels):esz;m-
1 1S0 9022-12-08 Damp heat X
2 1SO 9211-4-01-01 Abrasion: cheesecloth/eras- <
er tést
3 1S0 9211-4-02-01 Adhesionstape test X

© IS0 2024 - All rights reserved
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Annex A
(normative)

Environmental tests for optical coatings

The tests in Table A.1 are subdivided into conditioning methods and degrees of severity. The description
is condensed information specific to the degree of severity. The full test procedure shall be taken from
appropriate International Standards, referenced in Table A.1, or can be specified by mutual agreement

between c

The requi
individual
An individ
property d

reality, op
simulated

Additional
shall be sp

3edaormaais o oo £o ot
SToTICTr arntrrarroaractour Cr

rements for coatings as listed in Table A.1 are typically not accumulative and~can
y.

ual test performed on a one-test-on-one-sample basis can give information about f{
f an optical coating reflected by that test and can be particularly useful for the manuf]
fical coatings will face a variety and range of severity of environmental’exposures, wh
by certain test sequences. Inevitably, such test sequences represent accumulative requi

tests not listed in Table A.1 may be necessary for a given application. In that instanc
ecified following the environmental test code notation in 4.1,

Table A.1 — Overview of environmental tests for optical coatings

be tested

hat single
acturer. In
ich can be
rements.

e, the test

No. Test Conditioning Degre(_e of Description Reference
method severity
01 50 strokes cheesecloth
ion: 02 100 strokes cheesecloth
1 Alprasion: cheesecloth 01 190 9211-4
/ eraser test 03 20 strokes eraser
04 40 strokes eraser
01 Slow tape removal
2-1 Adhesion: tape test 02 02 Quick tape removal 10 9211-4
03 Snap tape removal
22 | A ihes‘or‘t:e‘;rt"“hat‘:h 03 —  |Crosshatch test 190 9211-4
2-3 Adhes‘i’;‘;tp““"’ff 05 — Pull-off test 190 9211-4
a Mduld growth (fungus): the resistance of a coating to damage by mould growth shall be specified, not the pfevention of
mould growjth.

© IS0 2024 - All rights reserved
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Table A.1 (continued)

No.

Test

Conditioning
method

Degree of
severity

Description

Reference

01

Expose to the dust-laden air of velocity
8 m/sto 10 m/s, at a temperature of
18 °C to 28 °C and of relative humidity
below 25 % for 6 h. The dust concen-
tration is 5 g/m3 to 15 g/m3

Step 1: Expose to the dust-laden air of
velocity 8 m/s to 10 m/s, at a temper-
ature of 18 °C to 28 °C and of relative
humidity below 25 % for 6 h. The dust

Blowing dust

52

02

03

concentration is 5 g/m? to 15 g/m?

Step 2: Expose to the dust-laden air of,
velocity 8 m/s to 10 m/s, at a temper-
ature of 35 °C to 45 °C and of relative
humidity below 25 % for 6 h. Thedust
concentration is 5 g/m3 to 15 /g/m3

Step 1: Expose to the dust-taden air of
velocity 8 m/s to 10 my/s, at a temper-
ature of 18 °C to 28 °C-and of relative
humidity below 25.% for 6 h. The dust
concentrationds 5°g/m3 to 15 g/m3

Step 2: Expose’to the dust-laden air of
velocity.d m/s to 3 m/s, at a temper-
aturef'55 °C to 65 °C and of relative
humidity below 25 % for 16 h

Step 3: Expose to the dust-laden air of
velocity 8 m/s to 10 m/s, at a temper-
ature of 55 °C to 65 °C and of relative
humidity below 25 % for 6 h. The dust
concentration is 5 g/m3 to 15 g/m3

IS0 9022-6

a Md
mould grow

uld growth (fungus): the resistance of a.coating to damage by mould growth shall be specified, not the pfevention of

th.

© IS0 2024 - All rights reserved
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Table A.1 (continued)
No. Test Conditioning Degref: of Description Reference
method severity
Immerse in distilled or deionized
01 water at a temperature of 23°C + 2 °C
for 6 h
Immerse in distilled or deionized
02 water at a temperature of 23 °C + 2 °C
for 24 h
Immerse in distilled or deionized
03 water at a temperature of 23 °C + 2 °C
fora6h
04 Immerse in salt water (45 g NaCl/1) at a,
temperature of 23°C+2°Cfor6 h
05 Immerse in salt water (45 g NaCl/H)-ata
temperature of 23 °C + 2 °C for 24/h
) 06 Immerse in salt water (45 gdNaCl/1) ata
4 Resistance to water: 04 temperature of 23 °C + 2 °Cfor 96 h 190 9211-4
bxposure to water ) . o )
0 Immerse in boiling distilled or deion-
7 . >
ized water for 5 min
Immerse in boilingXdistilled or deion-
08 . X
ized water forX5 min
09 Immerse iwboiling salt water (45 g Na-
Cl/1) for:5\min
10 Immerse in boiling salt water (45 g Na-
Cl/Htor 15 min
1 Immerse in boiling salt water (45 g Na-
Cl/1) for 60 min
Immerse in boiling distilled or salt
water (45 g NaCl/1) for 2 min. Then
12 ; o
immerse in distilled water at room
temperature for 1 min
Expose to climatic conditions of
03 90 % to 95 % relative humidity and
40°C+2°Cfor10d
Expose to climatic conditions of
06 90 % to 95 % relative humidity and
55°C+2°Cfor6h
5 Damp heat 12 ] . . 190 9022-2
Expose to climatic conditions of
07 90 % to 95 % relative humidity and
55°C+2°Cfor16h
Expose to climatic conditions of
08 95 % to 100 % relative humidity and
50°C+2°Cfor24h
a Mould growth (fungus): the resistance of a coating to damage by mould growth shall be specified, not the prevention of

mould growth.
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ISO 9211-3:2024(en)

Table A.1 (continued)
No. Test Conditioning Degref: of Description Reference
method severity
05 Expose to a temperature of
-25°C+3°Cfor16 h
07 Expose to a temperature of
-35°C+3°Cfor16h
Expose to a temperature of
6 Cold 10 09 _55°C +3°C for 16 h [SO 9022-2
11 Expose to a temperature of
-65°C+3°Cfor2h
12 Expose to a temperature of
-65°C+3°Cfor5h
Expose to an atmosphere of
03 55°C + 2 °C (below 40 % relative hu-
midity) for 16 h
Expose to an atmosphere of
04 63 °C 2 °C (below 40 %-relative hu-
midity) for 16 h
Expose to an atmog§phere of
05 70 °C £+ 2 °C (below40 % relative hu-
midity) for 6h
7 Dry heat 11 10 9022-2
Expose toan atmosphere of
06 85 °C + 2.2C (below 40 9% relative hu-
midity)for 6 h
Expose to an atmosphere of
07 70°C £ 2 °C (below 40 % relative hu-
midity) for 2 h
Expose to an atmosphere of
09 70 °C £ 2 °C (below 40 % relative hu-
midity) for 5 h
01 -10°C+3°Cto+40°C+2°C
02 -25°C+3°Cto+55°C+2°C
05 -35°C+3°Cto+63°C+2°C
07 -50°C+3°Cto+70°C+2°C
Number of cycles: 5
8 Slow temperature 14 umber of cycles 190 9022-2
change Dwell time: wait until specimen has
reached a temperature at least within
3 K of the test chamber temperature
but not less than 2,5 h
Test chamber temperature change
rate: between 0,2 K/min and 2 K/min
9 Sertmist 46 gg—xpose (o saltspray fog of 35 °C £2°C | 145 9922.4
a Mould growth (fungus): the resistance of a coating to damage by mould growth shall be specified, not the prevention of

mould growth.
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