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Optics and optical instruments — Optical coatings —

Part 3:
Environmental durability

1 Scgpe

ISO 9211 identifies  surface  treatments  of
components and substrates excluding ophthalmic
optics |[spectacles) by the application of optical
coatingd and gives a standard form for their
specification. It defines the general characteristics
and the| test and measurement methods whenever
necessdry, but is not intended to define the process
method

This part of ISO 9211 specifies categories of use for
optical doatings and identifies corresponding environ-
mental {ests. Definitions and the extent of testing are
given in|ISO 9211-1.

2 Normative references

The following standards contain provisions which,
through|reference in this text, constitute provisions of
this Intgrnational Standard. At the_time of publication,
the editions indicated were ¥alid. All standards are
subject fto revision, and parti€s to agreements based
on this [International Stahdard are encouraged to in-
vestigatg the possibility, of applying the most recent
editions|of the standards indicated below. Members
of IEC and ISO 4ndintain registers of currently valid
Internatfonal Standards

ISO 9022<1:—"), Optics and optical instruments —

ISO 9022-9:—"), Optics~and optical if
Environmental test methods — Part 9:

ISO 9022-11:—",C@ptics and optical i
Environmental “test methods — P3
growth.

ISO 9022-12:—"), Optics and optical i
Envirenmental test methods — Part 1
tion:

SO 9022-14:—1, Optics and optical i
Environmental test methods — Part 1
frost, ice.

3 Categories of use

3.1 Definitions of categories

environmental tests. The requirements

struments —
bolar radiation.

hstruments —
art 11: Mould

hstruments —
2: Contamina-

hstruments —
Y: Dew, hoar-

for each cate-

Five categories of use are given by dil(erent sets of

gory are qualitatively outlined below, a
table 1.

Category A

This refers to applications which would
apply to components mounted internall
units. The use in this category is in a
controlled environment and handling sh
place with extreme care.

d specified in

normally only
within sealed
protected and
ould only take

Environfrentat—test—methods—Fart—+—Defmitrons;
extent of testing.

ISO 9022-2:—", Optics and optical instruments —
Environmental test methods — Part 2: Cold, heat,
humidity.

ISO 9022-4:—", Optics and optical instruments —
Environmental test methods — Part 4: Salt mist.

ISO 9022-6:—", Optics and optical instruments —
Environmental test methods — Part 6: Dust.

1) To be published.

Category B

This refers to applications where components will be
exposed only to a controlled environment. Such
applications can include mild abrasion as occurs with
carefully controlled cleaning.

Category C

This refers to applications where components will be
exposed to normal outdoor ambient conditions and
uncontrolled cleaning without severe abrasion and
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scratching. Typical applications would apply to external
surface antireflection coatings on cameras and bin-
oculars.

Category D

This refers to applications where components will be
exposed to severe outdoor ambient conditions and
uncontrolled cleaning with severe abrasion and

scratching.

Category O

This refers to
(optional).

The requireme
typically not
individually.

3.2 Modific

Some intendg
exactly fit int
recommended
indicate first tH
are satisfied.

be specified fr

EXAMPLE

© ISO

For instance, coatings on glass, normally satisfying
category C, might not do so when applied to sensitive
or unstable substrate. This is for instance likely to
become apparent with the rain, solubility, humidity and
salt spray tests.

3.5 Cemented coatings

This part of 1ISO 9211 does not apply to coatings ce-
mented between two substrate surfaces. The environ-

pplications adapted to special conditons

nts for coatings as listed in table 1 are
accumulative and can be tested

ation of categories

d applications of components will not
b one of the categories A to D. The
way to specify in such a case is to
e category of which most requirements
[he exceptional requirements can then
bm other categories.

"Category C; Apbrasion, Humidity: Category B"

3.3 Operati

jng and storage conditions

The temperatyre specifications in table 1 are meant as

bandpass filte

s and accurate™edge filters, it may be

storage conditons. For some types of coatings, e.g.

necessary tha

spectral toletances have to be main-

tained within g certain temmperature range. This should

be specified s
of the applicat

pparately,~according to the requirements
on.

mEntaStabity of such—a substrate=coating-cement-
substrate combination depends too mugh\oh proper-
ties of the cement, as well as the (relative) pfoperties,
e.g. thermal expansion, of the two substrpte com-
ponents involved.

4 Specifications

The mechanical andchemical properties df coated
optical elements,yand more generally theif environ-
mental durability, can be assessed by a Variety of
methods. Test methods selected to give nfeaningful
results representative of actual exposure ¢f optical
elementshin their operating environment arg listed in
tablec” The application of any test listed can be
limited by the substrate.

The tests in table 1 are subdivided into dggrees of
severity where appropriate. The severity of| the test
requirement increases with the number. Thg descrip-
tion is condensed information about the test method
only. The full test procedure shall be taken|from ap-
propriate International Standards, refergnced in
table 1, or can be specified by mutual agreement
between customer and manufacturer.

An individual test performed on a one-tegt-on-one-
sample basis can give information about that single
property of an optical coating reflected by [that test
and can be particularly conclusive for the |mnanufac-
turer. In reality, optical coatings will face a yariety of
environmental exposures, which can be simpjlated by
certain test sequences. Inevitably, such [test se-
quences represent accumulative  requjrements.
Table 2 lists recommended test sequences|for cate-

3.4 Influence of the substrate

It should be kept in mind, that, in fact, it is not the
coating but the entire coating-substrate combination
which determines the category of use.

gories A to D. Category O again leaves any option.
Requirements without any listed categories in table 1
are to be considered for optional used in category O,
and are subject to agreement between supplier and
user.
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Table 1 — Environmental tests for optical coatings

1ISO 9211-3:1994(E)

Degree of .
No. Test severity Description Categories of use Reference"
B C D
1 Abrasion 01 50 rub cheesecloth X X ISO 92114
02 100 rub cheesecloth
03 20 rub eraser X
04 40 rub eraser
2 Adhesion 01 Slow removal x ISO 9211-4
02 Quick removal x x
03 Snap removal
3 Qust/sand Expose to the dust-laden air of velocity 8 m/s to ISO 9022-6
10 m/s, at a temperature of 18 °C to 28 °C and of
relative humidity below 25 % for 6 h. The dust
concentration is 5 g/m3 to 15 g/m3, and the size
distribution of dust particle is given in the following
table:
Dust particle size distribution
Size (um) 140t0 100 100to 71 71to45 (<45
% (mfm) 2 8 15 75
SiO, content > 97 %
4 Solubility 01 Immerse in deionized water at a temperature of X 1ISO 92114
23°C+2°Cfor6h
02 Immerse in deionized watet-at.a temperature of x
23°C+2°Cfor24h
03 Immerse in salt water{45'g NaCl/l) at a temperature
of 23 °C + 2 °C for 24-h
5 Oamp heat 06 Expose to an dtmosphere of 90 % to 95 % relative X ISO 9022-2
humidity and 55 °C + 2 °C for 6 h
07 Expose to.an atmosphere of 90 % to 95 % relative X
humidity)and 55 °C + 2 °C for 16 h
03 Expose to a temperature of 90 % to 95 % relative X
humidity and 40 °C + 2 °C for 10 days
6 doid 05 Expose to a temperature of - 25 °C + 3 °C ISO 9022-2
for16 h
07 Expose to a temperature of - 35°C + 3°C x X
for16 h
09 Expose to a temperature of - 55 °C + 3 °C X
for 16 h
(The temperature change rate should be less than
3 °C/min)
7 Dry heat 03 Expose to an atmosphere of 55 °C + 2 °C ISO 9022-2
(below 40 % relative humidity) for 16 h
05 Expose to an atmosphere of 70 °C + 2 °C x X
(below 40 % relative humidity) for 6 h
06 Expose to an atmosphere of 85 °C + 2 °C X
(below 40 % relative humidity) for 6 h
(The temperature change rate should be less than
5 °C/min)
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Degree of L. ;
No. Test severity Description Categorie of use

A B C D| O

Reference

8 Slow 02 -25°C+3°Ctob5°C+2°C X 1ISO 9022-2

temperature o o . .

change 05 -35°C+3°Cto63°C+2°C X
07 -50°C +3°C1t070°C +2°C x

Test chamber temperature change rate: between
0,2 °C/min and 2 °C/min

9 Salt migT EXposSe 10 satspray 1og of 35 °C £ 2 °C X 150]9022-42
for24 h

Salt solution (concentration: 5 % + 1 %,
pH 6,5 to 7,2) is injected by compressed air
(0,4 x 10°Pa to 1,7 x 10° Pa) from 0,5 ml/h
to 3,0 mi/h per 80 cm? in fallout rate

10 Solar radiation 01 Expose to the radiation in a de-ozonised ISG 9022-9
atmosphere of 25°C + 2°Cto 55°C + 2 °C
for72 h

Irradiance on the surface of sample is
1 kW/m? + 0,1 kW/m?

The radiation source and spectral energy
distribution shall be in accordance with table 1 of
ISO 90229

1 Icing/frgsting Expose to the following atmospheres in ISO|9022-14
succession:

Step 1

Initial temperature: — 15 °C + 3 °C

Step 2

Temperature of icing/frosting:~ 5 °C + 2 °C

Step 3

Dissolution temperaturg and humidity: 30 °C + 2 °C
and 80 % to 95 % r€lative humidity

12 Chemica Immerse in théxfollowing agents for respective 1SO[9022-12
durability tests:

12-1 | Acid cofrosion 1) Sdlphric acid (H,SO,4)
2) CNitric acid (HNO3)

12-2 | Alkaling 1) Potassium hydroxide (KOH)
corrosign

12-3 | Solvent 1) Acetone (CH; COCHj)
solubility 2) Ethanol (C,H5OH)

12-4 | Boiling pvater Deionized water at boiling point
Ih

ot oo +ina 2 dpody o
T eSOt et e~ CORCertratoO—ant

temperature of the test agents should be specified
according to the function and application of the
coating intended. (See reference)
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