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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

the

non-governn
Internationa

Internationa
The main ta
adopted by

Internationa

Attention is
rights. ISO s

ISO 9211-4
Optical matg

This second
Annex A of

edition. The
Table4. An

ISO 9211 c(
coatings:

Part 1: 1
Part 2:
Part 3: |

Part 4:

TITyoO—toce SO oOTTtoy

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
sk of technical committees is to prepare International Standards. Draft International Stang
the technical committees are circulated to the member bodies for voting. Publication a

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

drawn to the possibility that some of the elements of this document¢may be the subject of p
hall not be held responsible for identifying any or all such patent rights.

was prepared by Technical Committee ISO/TC 172, Optics/and photonics, Subcommittee §
rials and components.

edition cancels and replaces the first edition (ISO 9211-4:1996), Clauses 4, 5, 6, and Table 3
vhich have been technically revised. A new Clause*6.and Table 3 have been added to this se|
original Clause 6 has been renumbered Clause.%and the original Table 3 has been renumk
bw normative Annex B has been added and thedprevious Annex B is now Annex C.

nsists of the following parts, under the“general title Optics and optical instruments — O,

Definitions
Dptical properties
Environmental durability

bpecific test methods

ards
S an

atent

5C 3,

and
cond
ered

btical

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=f069b57696e4e1fe045beb84caaf3a2f

INTERNATIONAL STANDARD

1ISO 9211-4:2006(E)

Optics and optical instruments — Optical coatings —

Part 4:
Specific test methods
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For the purposes of this document, the terms and definitions given in ISO 9211-1:1994 apply.

4

Befo
speg

Scope

part of 1ISO 9211 describes surface treatments of components and substrates excluding

ded to define the process method.

ified in ISO 9211-3 but not described in other normative references.

Normative references

following referenced documents are indispensable for the application of this document.
ences, only the edition cited applies. For undated references, the latest edition of theg
ment (including any amendments) applies,

100 IRHD,).

Terms and definitions

Test conditioning

imef shall be thoroughly cleaned as required to remove dirt, finger marks, smears, etc. R

stora

re and after subjecting a coated specimen (component or withness sample) to any inspectioer‘vC

between manufacturer and buyer.

5 Abrasion resistance tests (conditioning method 01: abrasion)

5.1

General

ophthalmic

S (spectacles) by the application of optical coatings, and gives a standard“form for their spgcification. It
es the general characteristics and the test and measurement methods'whenever necessary, but is not

part of ISO 9211 describes specific test procedures for coating environmental durability t¢sts that are

For dated
referenced

18, Rubber, vulcanized or thermoplastic — Determination of hardness (hardness between 10 IRHD

or test, the
ommended

ge“time is at least 12 h after the coating process under ambient atmospheric conditions, or|as specified

The purpose of these tests is to evaluate to what extent the optical and mechanical properties of optical
coatings on components and substrates are affected when subjected to specific abrading conditions at
ambient atmospheric conditions.
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5.2 Test conditions

5.2.1 General

Abrasion tests shall be conducted using a coating abrasion tester capable of meeting the requirements of 5.2
and 5.3. The length of stroke of the tester shall be approximately 20 mm when the dimensions of the
specimen permit. A stroke is defined as one pass in one direction on the surface being tested. The tester shall
be operated in a cycling mode. A cycle is defined as one stroke in one direction, followed by a return stroke in
the opposite direction. The head of the tester shall be approximately normal to the surface under test during
the rubbing operation. The specimen shall be firmly held so that it does not slide during the test.

5.2.2 Modegrate abrasion test

The rubbing|head of the abrasion tester shall be covered with a pad of cotton cheesecloth confofming tg A.1,
approximately 5 mm thick and 10 mm wide. Instructions for preparing the cheesecloth pad, cover and fikture
are provided in Annex B.

5.2.3 Sevgre abrasion test

The rubbing|head of the abrasion tester shall be affixed with a standard eraser, conforming to A.2. The efaser
shall be insdrted into the holder so that the exposed length does not exceed 3 mm.

It is permissjble to clean the eraser with a clean towel, but solvents shoudld*not be used. Also, the eraser|may
be conditioned by rubbing it across a clean, smooth or frosted glass surface to wear away some of the rybber
if embedded foreign material is suspected.

5.3 Degrée of severity (conditioning method 01: abrasion)

The degreeq of severity for conditioning method 01 are given in Table 1.

Table 1 — Degrees of severity for conditioning method 01: abrasion

Degree of severity 01 02 03 04
Abrader Cheesecloth | Cheesecloth Eraser Eraser
Number of strokes 50 100 20 40
Force 5N+1N 5N+1N [10N+1N| 10ON+1N

5.4 Recopyery

Subsequent|to the rubbing operation the specimen shall be cleaned as described in Clause 4.

5.5 Evalyation

The film on the specimen shall be visually examined in reflected and/or transmitted light, with the unaided eye,
for evidence of physical damage to the coating. The examination shall be performed using the method
specified in Annex C, or that given in ISO 10110-7, or as agreed between the supplier and the user. The
method used shall be stated. The coating shall not show any evidence of damage, such as abrasion or
coating removal. If slight sleeking or scratching is visible and the cheesecloth or eraser and/or coating is
suspected of having foreign material embedded in it, another area of the surface shall be retested using a
fresh cheesecloth pad or eraser.

2 © I1SO 2006 — All rights reserved
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6 Adhesion tests (conditioning method 02: adhesion)

6.1 General

The purpose of these tests is to evaluate to what extent the mechanical properties of optical coatings on
components and substrates are affected when subjected to specific tensile or shear stress conditions at
ambient atmospheric conditions.

6.2 Test conditions

6.2. The-adhesivetape-usedforthis-test shallbe-clearincolourwith-an-adhesivestrength-gn steel of at
leasf 9,8 N per 25 mm width. It shall be 12 mm to 13 mm wide. It shall show no evidence of détefioration and
shalll be capable of being unwound from the roll at a normal rate of speed without showing|evidence of
adhgsive offsetting, adhesive splitting, or stringing out of adhesive, nor breakage or spltting| of the tape
backing. The tape shall be free of bare spots or foreign particles or any defect that may affect senviceability or
appgarance.

6.2.2 Apply approximately 25 mm of tape to the coated surface when the ‘dimensions of the specimen
pernit, with sufficient tape remaining to securely grasp with a thumb and finger.

6.2.3 Press the tape firmly onto the coated surface. Rub the non-adhesive surface of the tape [with a finger
to agsure firm contact with the specimen and to work out any air bubblesthat may be present.

6.2.4 Unless otherwise required in the relevant specification, do not apply the tape within 2 mm of any rim
of the specimen.

6.2.3 Hold the specimen firmly in one hand, and in the.ether the end of the tape that protrudeg beyond the
edgq of the test specimen.

6.2.§ Remove the tape at an angle perpendicular to the coated surface at one of the rates|indicated in
Table 2.

6.3 | Degree of severity (conditioning method 02: adhesion)

The Hegrees of severity for conditioning method 02 are given in Table 2.

Table 2 — Degrees of severity for conditioning method 02: Adhesion

Degree of severity 01 02 03

Rate of tape removal Slow Quick Snap @

(r2sto3sper25mm) | (~1sper25mm) | (<<1s per25 mm)

@~ (The “snap” rate of removal refers to a snapping action of the wrist and fingers.

6.4 | Recovery

Do not clean the specimen prior to evaluation.

6.5 Evaluation

The film on the specimen shall be visually examined in reflected and/or transmitted light, with the unaided eye,
for evidence of coating removal. The examination shall be performed using the method specified in Annex C,
or that given in ISO 10110-7, or as agreed between the supplier and the user. The method used shall be
stated. The coating shall not show any evidence of coating removal.

Unless otherwise required in the relevant specification, visual discolourations of the coating such as stains,
smears, streaks or cloudiness shall be acceptable if the specimen conforms to the optical and other
environmental durability requirements of the relevant specification.

© I1SO 2006 — All rights reserved 3
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7 Crosshatch test (conditioning method 03: crosshatch)

7.1 General
The purpose of this test is to evaluate to what extent the adhesion properties of optical coatings on

components and substrates are affected after cutting the coating (distorting the stress and influencing the
adhesion).

7.2 Test conditions

7.21 Usera buﬁilly device [c.g. arazorbiade (bui‘la'uic for-soft auba‘uatcb) oradiamond bui'uc] tommake six
parallel cuts|in the coating, 1,5 mm + 0,5 mm apart and approximately 15 mm to 20 mm in length, when the
dimensions jof the specimen permit. Cut through the coating completely, but do not cut too degp,int¢ the
substrate. Rptate the sample and in the same way make six parallel cuts perpendicular to the first 'set of jcuts.
Check the cuit pattern for flakes or other irregularities and record the results.

7.2.2 Apply adhesive tape as specified in 6.2.1 over the crosshatch pattern in accordance with 5.2.2
t0 6.2.5.

7.3 Condjitioning

Remove the|tape at an angle perpendicular to the coated surface at a snap.rate (<<1 s per 25 mm).

7.4 Recoyery

Do not clear] the specimen prior to evaluation.

7.5 Evalyation

Rate the crogshatch results according to Table 3.

Table 3 — Rating system for conditioning method 03: crosshatch

Classificati¢n Pictare Description

The edges of the cuts are completely uncharjged;

0 _ none of the squares are detached.

Small flakes of the coating are detached af the
intersections; less than 5 % of the total ar¢a is
1 affected.

Small flakes of the coating are detached along the
cuts and the intersections; the area affected ig 5 %

2 - 10 15 % of the total area.
RN Some parts of the squares are detached; the area
t affected is 15 % to 35 % of the total area.
3

4 © I1SO 2006 — All rights reserved
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Table 3 (continued)

Classification

Picture Description

35 % to 65 % of the total area.

Whole squares are detached; the area affected is

Flaking and detachment worse than classification 4.

8

8.1
The
char
deio

8.2

8.2.1

Solubility tests (conditioning method 047 solubility)

General
purpose of these tests is to evaluate to what extent the optical and ,mechanical

pcteristics of optical coatings on components and substrates are affected after immersion i
hized water or a salt water solution.

Test conditions

The test container shall be made of non-reactive material~stich as suitable glass or cer

volume adequate to submerge the test part(s) completely.

8.2.2
matq

The specimen(s) shall be held in the test container using a specimen holder made of
rial, such as polytetrafluoroethylene (PTFE) or acetal polymer.

8.2.3
0,2

8.2.
23°

The water used for tests shall be distilled or:deionized. Its resistivity shall be greater tha
Q-cm, at a temperature of 23 °C + 2 °C.

berformance
n distilled or

amic, with a

non-reactive

h or equal to

The pH of the water or salt solution shall be between 6,5 and 7,2, measured at a temqperature of

+ 2 °C. Only diluted, chemically pure’ hydrochloric acid or chemically pure sodium hydro

shalll be used to adjust the pH. The (pH shall be measured either electrometrically by mean
elecfrode, or colourmetrically usingbromothymol blue as an indicator.

8.2.5
at ro
impy

8.2.6
1 mi

8.3

The salt water solution shall be prepared by dissolving sodium chloride in distilled or dei
bm temperature to obtain;a concentration of 45 g/l. The sodium chloride shall not contain m
rities in total.

A cyclic test consists of boiling the specimen for 2 min in either distilled or salt water, and
N at room temperature in distilled water.

Degree of severity (conditioning method 04: solubility)

ide solution
of a glass

b

bnized water
bre than 1 %

cooling it for

The

Hegrees of severity for conditioning method 04 are given in Table 4.
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Table 4 — Degrees of severity for conditioning method 04: solubility

Degree of | 4 02 03 04 | 05 | 06 07 08 09 10 11 12
severity
Exposure 6h 24 h 96h | 6h | 24h | 96h | 5min | 15min | 5min | 15min |60min| 2M"
time +1 min
Solution Distilled | Distilled | Distilled | Salt Salt Salt Boiling Boiling | Boiling | Boiling | Boiling Boiling
or or or water | water | water | distilled distilled salt salt salt distilled or
deionized | deionized | deionized or or water | water | water | salt water?@
water water water deionized | deionized followed by
water water distilled
water at
room
temperpture
@  The user ghall specify whether distilled or salt water is to be used and the number of cycles.
8.4 Recoyery
After immergion, specimens subjected to the water solubility test shall be dried \with a soft clean ¢loth.
Specimens subjected to the salt solution shall be gently washed in distilled or, deionized water not wgrmer
than 38 °C tp remove salt deposits. Specimens then shall be dried with a softclean cloth or with filtered dry
nitrogen gas,.
8.5 Evalyation
The film on fhe specimen shall be visually examined in reflected and/or transmitted light, with the unaided|eye,
for evidence| of flaking, peeling, cracking, or blistering. The examination shall be performed using the method
specified in|[Annex C, or that given in 1ISO 10110-7, or as_-agreed between the supplier and the user.| The

method used shall be stated. The coating shall not show any’evidence of physical deterioration.

Unless othe
smears, str
environmen

9 Envird

The code fo

Name

aks, or cloudiness, shall be acceptable if the specimen conforms to the optical and
| durability requirements of the relevant specification.

)nmental test code
coating environmental-durability tests shall be formed as follows:
ISO 9211-4

Coating environmental durability test -XX

ISO base nyriaber
Conditioning method

Degree of severity

'wise required in the relevant specification, visual discolourations of the coating, such as sfains,

bther
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Annex A
(normative)

Materials for abrasion testing of optical coatings

Cheesecloth material

AA1.

The
sing|

AA1.

The

39 yarns per 25 mm. The total number of yarns in a 25 mm by 25 mm~square shall be 76 to 8

shall

AA1.
The

ager

A.2

A.2.

The
com
pass
ares

A.2.

The
acco

1 Yarn

yarn shall be made from cotton, free from waste and loading materials, carded,drawn a
e yarns.

2 Warp
warp of the cloth shall have 41 yarns to 47 yarns per 25 mm and\the filling shall have

be 45 g/m? to 54 g/m?2.

3 Type

t and then dried.

Eraser (rubber-pumice) material

1 General

eraser!) shall be a uniform_mixture of rubber and abrasive, formed by an extrusion proces

through a sieve with gpening 45 uym. The formulation shall not contain any ingredient which
idue on the surface under test that would lubricate subsequent strokes during the test proced

2 Hardness

finished eraser shall have an international rubber hardness degree (IRHD) of 75+ 5 on b
rdancewwith 1SO 48.

A.2.

nd spun into

33 yarns to
1. The mass

fype of cheesecloth shall be bleached. Prior to use, it‘'shall be laundered to remove completgly the sizing

5. It shall be

posed of no less than 15%_by mass of pumice. All abrasive shall be fine ground, such that 100 % will

might leave
ure.

oth ends, in

3-Accelerated aging

The eraser shall show a hardness change of not more than 10 points after being placed in an air oven for

seve

n days at a temperature of 70 °C + 2 °C.

1) Erasers manufactured to these requirements are available from Summers Optical, P.O. Box 162, Fort Washington, PA
19034, USA. This information is given for the convenience of users of this part of ISO 9211 and does not constitute an
endorsement by ISO of this source of supply. Equivalent erasers may be available from other sources, and may be used
subject to agreement between supplier and user.
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A.2.4 Shape and size

The diameter of the eraser shall be from 6,5 mm to 7 mm, so that it fits tightly and is held by friction in an
abrasion test fixture, such as that shown in Figure A.1. It shall be of sufficient length to be held securely in the
abrasion test fixture with not more than 3 mm exposed.

A.2.5 Workmanship

The eraser shall be free from any excessive holes, cracks, splits, or foreign particles which might adversely
affect its use.

8 © I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=f069b57696e4e1fe045beb84caaf3a2f

ISO 9211-4:2006(E)

Dimensions in millimetres
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Key
1 abrasion test fixture 4 eraser conforming to Annex A
2 size to fit abrasion tester 5 thread for set screw
3 setscrew 6 place for set screw
NOTE All dimensions except hole for the eraser are nominal and are not critical.

Figure A.1 — Abrasion test fixture with eraser installed
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Annex B
(normative)

Cheesecloth pad, pad cover and fixture preparation for moderate
abrasion testing of optical coatings

B.1 Cheefgecloth pad preparation

B.1.1 Put pn finger cots or latex, vinyl, or nitrile gloves.

B.1.2 Plade a clean cotton towel or clean tissue paper on the work surface.
B.1.3 Clegn all tools (scissors, callipers and 11 mm diameter punch) with isopropyl alcohol (IPA) before|use.
B.1.4 Cut pnd arrange into a stack 32 layers of cheesecloth material that complies/with A.1. The length and
width of the [stack should be sufficient to punch from it the number of 11 mm djameter pads that are negded.
When compfessed, the stack should be approximately 6 mm thick.
B.1.5 Fold a clean piece of paper in half.

B.1.6 Plade the stacked layers of cheesecloth inside the folded piece of paper.

B.1.7 Staple through the paper and layers at each of the four corners of the stack of cheesecloth, in order to
keep them flom moving out of alignment during the punching,operation.

B.1.8 Plade the paper-covered cheesecloth stack efJa piece of polytetrafluoroethylene or similar material,
and place the polytetrafluoroethylene on the workspace of a punch press.

B.1.9 Plade an 11 mm diameter hole punch or'top of the paper-covered cheesecloth stack.
B.1.10 Punth through the stack.
B.1.11 Carg¢fully remove the hole punch from the stack of cheesecloth.

B.1.12 Renjove the completed) cheesecloth pad from the inside of the hole punch by pushing it out of the
punch with g dowel or similar,device.

B.1.13 Carg¢fully place the completed cheesecloth pad inside a clean container.

B.1.14 Repgatsteps B.1.9 to B.1.13 to cut additional cheesecloth pads as required.

B.2 Cheesecloth pad cover and fixture preparation

B.2.1 Cut five 50 mm by 50 mm squares of cheesecloth. Two will be used as a permanent pad cover and
three will be used as replaceable pad covers.

B.2.2 Remove the paper cover ends from an 11 mm diameter cheesecloth pad and place the pad in the
centre of the two squares that will be the permanent pad cover.

B.2.3 Insert an eraser as specified in A.2 in the tip of an abrasion test fixture, leaving 3 mm of the eraser tip
exposed. See Figure A.1.

10 © IS0 2006 — All rights reserved
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