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Draft Internationtl Standards adopted by the technical committees are circulated to
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INTERNATIONAL STANDARD

IS

O 4542-1981 (E)

Metallic and other non-organic coatings — General rules
for stationary outdoor exposure corrosion tests

0 Introduction

Corrosign testing under outdoor exposure conditions is carried
out in ofder to :

a) o¢btain data on the behaviour of protective coatings in
natufal atmospheric environments;

b) assess the corrosion resistance of different protective
coatings under particular types of atmospheric conditions;

c) ¢ompare the results of testing under given laboratory
and putdoor exposure conditions;

d) investigate the mechanism of corrosion of particular
protgctive coatings;

e) determine the duration of effective protection;

f) gbtain information on the corrosivity of the atmesphere
at vdrious locations;

g) show the influence of the design of components on
resistance to corrosion.

It involves exposure of coated test specimens to the action of
atmospheric factors under field conditions and periodic obser-
vations pf the test specimens over a\period that may extend for
several years.

The atmospheric conditions)at a field station depend not only
on geographical locatien~and atmospheric composition, but
also on additional local factors which may either be constant or
may valy periodically or accidentally in a particular micro-
climate.

. If the coated articles used are smaller th

3 Test specimens

3.1 Type
The following types of test specimens ma

— specially prepared specimens cove
tive coating to be tested;

— coatéd production articles or parts

It shouldbe noted, however, that the perfdq
prepared specimens may differ from that of

If<production articles are used for testir]
selected to give the maximum possible infd
the type of failure likely to affect the perfor
in use.

3.2 Shape and dimensions

To minimize edge effects and to ob
corrosion, the surface area of the test speq
large as possible and, in any case, no
(5cm x 10 cm).

specimens of the same kind may be comb
quired minimum surface area, but the resu
necessarily be strictly comparable with
specially prepared test specimens of the
area.

3.3 Preparation

be used :

ed with the protec-

thereof.

rmance of specially
production articles.

g, they should be
rmation concerning
mance of the article

tain representative
imens shouid be as
less than 50 cm?

an 50 cm2 in area,
ned to total the re-
ts obtained will not
those obtained on
specified minimum

Clean the test specimens thoroughly H

efore exposure to

1 Scopeand field of application

This International Standard gives guidance on methods of sta-
tionary testing, in natural outdoor atmospheric conditions, of
protective metallic, conversion and other non-organic coatings.
Mobile corrosion testing is not included in this International
Standard, but it may be necessary, in some circumstances, to
supplement stationary tests with mobile tests.

2 Reference
ISO 4540, Metallic coatings — Coatings cathodic to the

substrate — Rating of electroplated test specimens subjected
to corrosion tests.

remove any contaminants that may affect the performance of
the coating system being tested. The cleaning method to be
employed depends upon the nature of the surface and the con-
taminants, but shall not include the use of any abrasives or
solvents which may attack the surfaces of the test specimens.

NOTE — If the effect of controlled damage, such as scribing or
bending, is to be studied, it should be carried out at this stage.

3.4 Marking

Mark the test specimens in such a way that no confusion
during the exposure test is possible. Markings should be legible
and durable over the whole period of exposure and should be
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made on those areas of the test specimens that are not subjec-
ted to visual assessment and that have no functional purpose.

Test specimens may be marked by one of the following
methods :

a} positional notch coding before the protective coating is
applied (preferred method);

b) stamping appropriate numbers {(with a numbering
stamp);

3.7 Storage

Store the test specimens before exposure in a clean, dry at-
mosphere in an air-conditioned, temperature-controlled room
with a relative humidity of 50 % or less, or sealed in a desic-
cator, or by sealing the specimens into evacuated plastics bags
containing a desiccant.

4 Operating conditions

c) hanging Fre made of a
corrosion-resigtant material, hanging free of the specimen
and attached| by means of a loose-fitting, non-metallic
thread, for example nylon thread;

d) painting With suitably durable paints on the reverse side
of the test spgcimen.

Numbers should preferably be marked on the front (test) side of
the test specimens, at their bottom edge. The holes on which
number plates are hung should be situated near the bottom
edge of the specimen so that the plate itself cannot come into
direct contact with either the test specimen to which the plate
is attached or with neighbouring test specimens after they have
“been positioned ih the frame.

Mark test specimens with figures and letters so that the follo-
wing informationl|is indicated :

a) the type gf coating;
b) a serial nymber;
c) the place pnd conditions of testing.
The markfngs shquid be minimized, preferably by usihg a sim-

ple code that engbles them to be associated with the informa-
tion required (seq clause 6).

3.5 Number

Select the numbdr of test specimens in any one series of tests
according to the fype of specimen, the number required to eva-
luate a particular physical property and the number expected to
be removed for examination during the period of exposure. The
number of test specimens of each type used for a given evalua-
tion should not beless than three for test specimens having a

4.1 Corrosion environment
Select the test conditions bearing in mind,that the data ob-
tained for a given set of test specimens’should ¢orrespond
with, or be similar to, the actual conditions of use|of metals,
coatings or articles. Before exposure,‘assess the corfosion fac-
tors indigenous to the place where testing is to be garried out.

The factors affecting corrosion vary with the natlire of the
material being tested and'may include any or all of the follow-

ing :
a) atmospheric humidity and its fluctuations;
b) air temperature and its fluctuations;
c) *atmospheric precipitation;
d) solar radiation;
e} hours of sunshine;
f} period(s) of wetting of the surface;
g} direction and speed of winds;
h) atmospheric pollution, both chemical (sugh as the
presence of gases and vapours) and physical (sugh as dust,
smoke and foreign matter);

j)  dust composition.

The recommended methods and frequency of monitpring these
factors are given in annex A.

4.2 Atmospheric field stations and types|of
exposure

surface area of a ;
surface areas, take a correspondingly greater number of test
specimens.

3.6 Standard specimens

It is desirable that standard test specimens of solid metals, for
example zinc, copper or low alloy steel, should be inciuded
alongside the test specimens of the coating system being
examined in order to be able to assess the prevailing corrosive
conditions. Therefore, such metals should be chosen from

those for which data concerning performance in a variety of

locations have been estabiished. The standard test specimens
should be stored under the conditions specified in 3.7.

4.2.1 Location of field stations

An outdoor field station comprises an area of ground (testing
ground) or a building (i.e. a roof) where suitable equipment for
fixing the test specimens is placed. A fence round the exposure
site is recommended in order to prevent the possibility of inter-
ference with the specimens.

The location of the field station should be such as to permit
periodic observations of the test specimens and daily recording
or evaluation of the atmospheric factors specified in 4.1. It is
advantageous to locate the field stations near to or at a meteoro-
logical station.
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The location of the field station should be selected mainly from
the point of view of the ease of examination.

Two kinds of field station for atmospheric corrosion testing are
distinguished :

a) permanent field stations, established in places of defi-
nite environmental atmospheric conditions that are charac-
teristic of a given macroclimatic area or, within this area, of
a given microclimatic area;

b} special testing field stations, established periodically for
apra . . . — L
mati¢ and corrosive conditions.

4.2.2 Types of exposure

Depending upon the purpose of testing, the following modes
of exposure of the test specimens may be used :

a) o®pen space exposure, i.e. direct exposure to all atmos-
pheric contaminants;

b) éxposure either under a cover that protects the test
specimens completely from solar radiation and atmospheric
precipitation, or in a partly enclosed space, such as shutter
shedk, where the test specimens are protected also by shut-
tereq side-walls;

c) ¢losed space exposure, where the external circumstan-
ces ray have only limited influence on the test specimenst

4.2.2.1 | Racks or frames for full exposure

For opeh-space exposure, the test specimens should be placed
directly pn racks or frames which enable large numbers of test
specimens to be exposed.

The radks or frames, in addition to meeting the exposure
requirements (see 4.4), should :

al ¢ither be made of materials sufficiently corrosion-
resisfant under the specified conditions or be protected by
coatings resistant to the/conditions;

b) be secured so'as to prevent undesirable displacement
and movement-of the test specimens;

c) lbe~designed so that the lowest edge of the test
speclmens is not e g
preventing spray reaching the test specimens when it rains.

The height of the vegetation in the neighbourhood of the racks
should not be greater than 0,2 m.

Objects which may screen the test specimens from solar radia-
tion should not be near the racks.

4.2.2.2 Sheds for covered exposure

For testing specimens under. covered exposure, such as
shielding under umbrella roofs, the test specimens should also
be placed on racks or frames. Normal roofing materials may be
used for constructing umbrella roofs.

1SO 4542-1981 (E)

The roof should be inclined so as to enable water to flow down
and should normally ensure protection against rain water,
water dripping from the roof and water rebounding from the
ground. It should also ensure complete or partial shielding of
the test specimens from solar radiation.

The maximum height of the roof should be not more than 3 m
and it should overlap the racks by not more than 3 m.

4.2.2.3 Sheds for enclosed exposure

The design of the shutter shed should ensure protection
against atmospheric precipitation, solar sad|ation and wind, but
should allow the air flow from the oltside to be maintained.
The exterior surfaces of the shed,walls and doors should be
painted white.

The shed roof should be impervious and pioperly inclined with
eaves and drain gutters-

The shutters should be of the venetian blind type, fixed and
stable, so that air,exchange is possible between the inside of
the shed and the outside atmosphere ang so that no rain or
snow can<pénetrate to the interior of the[shed. The wooden
floor of the shed should be at least 0,5 m pbove ground level.

The.internal dimensions of the shutter shed should be chosen
dceording to the number of test specimehs which are to be
placed on racks or shelves inside the shed. The design of the
racks and shelves and the positioning of specimens should be
such as to ensure free air circulation | between the test
specimens and to prevent the formation of specific
microclimatic conditions at particular remote spaces in the
shed.

The shutter shed should be placed on anl open space in the
testing station. If more than one shed is placed on the same
station, the distance between them should be such that the
presence of one shed will not affect the climatic conditions in-
side another. It is recommended that thg minimum distance
between sheds be equal to twice their height.

4.3 Measuring instruments

The following measuring instruments may be used to record
the exposure conditions :

a) hygrothermograph, to record the tpmperature and the
absolute and relative humidities. To monitor the data ob-
atned—from—this—instrament—maxdmum-minimum ther-
mometers and psychrometers are used;

b) rain-gauge, to measure the amount of atmospheric
precipitation;

c) instrument to measure the amount of solar radiation;
d) sunshine recorder;

e} wind gauge with instruments to record the wind direc-
tion and speed;

f} instruments to determine the degree of atmospheric
pollution depending on the type of naturally occurring pollu-
tion;


https://standardsiso.com/api/?name=a297d0dbee2e17b9277bbd2f5825a459

1SO 4542-1981 (E)

g) device for determination of the periods of wetting of
the metal surface.

Instruments should be positioned and operated in accordance
with their service and maintenance instructions. If testing
specimens under umbrella roofs or in shutter sheds, it is recom-
mended that the measuring instruments be placed with the test

specimens.

4.4 Exposure of test specimens

Pla

ce the test sp

a) contact d
specimens or

y that :

If testing simultaneously at various stations, maintain the ex-
posure conditions as similar as possible in order to obtain, as far
as possible, comparable resuits. This is particularly important
for the positioning of test specimens on frames and racks, and
for the design and dimensions of equipment used on exposure
sites such as frames, racks, umbrella roofs and shutter sheds.

If testing metals, coatings and articles, the results of which are
to be compared with the results of testing carried out at other
times, place comparative standard specimens similarly to the
test specimens so as to enable the corrosion resistance of the
test specimens and standard specimens to be compared.

es not occur either between individual test
etween the test specimens and any material

that would affect their corrosion under the test conditions;
this may be aghieved by fixing the test specimens to the

rack(s) or the

rame(s) by means of suitable holders, hooks

or clamps, mdde of non-metallic materials, resistant to at-

mospheric co

rrosion and that do not corrode the test

specimens {pdrcelain insulators, etc.}, and so that the area
of contact betiveen the test specimens and their holders is
as small as popsible;

b) corrosion
products do n
onto another;

c) there is
specimens;

products and rain water containing corrosion
bt drip from the surface of one test specimen

basy access to the surfaces of the test

d) they are easy to remove;

e) they are protected from falling out {for example by the
action of wind), accidental contamination or damage;

f) they are
uniform acces

g} rain dropl
the surface of

southern hem
of corrosion,

sideration) an
mally 45° unl

i) they are n

EII exposed to the same conditions with
of air from all directions;

ets rebounding from the ground cannot reach
the test specimens;

ir exposure, the surface of the test specimens
the northern hemisphere and north in the
phere (except that the direction of sources
ch as marine'waters, can be taken into con-
the ingclination of the test specimens is nor-
s otherwise specified;

5.2 Duration of tests

Whenever possible, it is preferable to commence outdoor ex-
posure tests in either April to May, or September tg October.

If test specimens of the same type-are to be removed periodical-
ly, place the test specimens on-racks and frames in 4 sequence
compatible with the scheme'for their removal. Arrange all the
test specimens, of one complete test programme, that are to be
evaluated by visual examination at regular periodical intervals in
such a way that the whole set of test specimens of the same
kind is placed together.

The total period of test depends upon the type qf the test
specimen_@nd the purpose of the examination. Since the at-
mospheric corrosion process proceeds at a relatively[slow rate,
it is_recommended that the duration of testing be|from 1 to
20\years, the results being recorded at regular intervgls, usually
once every 6 or 12 months, or on a schedule such as11, 2,5 10
and 20 years, depending on the corrosion resistarice of the
coating being tested.

5.3 Evaluation of results

Evaluate the corrosion changes of the test specimens using
methods in accordance with the aim and programme|of testing,
for example by the scheme described in ISO 4540.

Evaluate the corrosion changes at the time intervals dstablished
in the programme of testing as described in 5.2. Durﬂ'-g the first
6 months of testing, assessment after every 2 morths of ex-
posure is recommended.

After completion of the exposure period, evaluate the results
within 3 months. During this time, store the test spgcimens as
specified in 3.7.

k) for exposure under umbrella roofs or in shutter sheds,

they are inclin

ed at 45° unless otherwise specified;

m} they are randomly distributed over the entire range of
racks available for exposure.

5 Test procedure

5.1

Positioning of test specimens

Draw up a scheme for the positioning of the test specimens on
the racks, indicating the positions of particular specimens.

4

5.4 Recording of corrosion factors

During testing, record the external corrosion factors. Examples
of these factors and of the frequency of recording are given in
annex A.

Examples of monthly and yearly standard charts for recording
the outdoor corrosion factors are given in annex B and
annex C, respectively.

5.5 Expression of results

Report the detailed results of observations and evaluations of
corrosion changes of each test specimen on suitable cards.
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The cards should include the following information :

a) the number or reference of the test specimen;
b) the date of exposure;

c) a description of the appearance of the surface of the
test specimen before testing;

d) the dates of assessment;

e) a detailed description of changes in surface ap-

ISO 4542-1981 (E)

6) basic properties of the coating, including the test
methods by which its properties, for example porosity,
hardness and ductility, were evaluated;

b) data concerning production articles or parts thereof :

1) basic technical documentation, for example draw-
ings, with specifications of materials and coatings (in-
cluding type of coating), especially the actual coating
thickness;

2) technicai data on the properties to be tested, with

pearance, loss or gain of mass or of other physical proper-
ties, | separately for each evaluation, possibly with
photpgraphs of the test specimens before, during and after
testing;

f) the quantitative results of assessment of corrosion
chanpes by visual or other methods of evaluation, using
standards, photographs and patterns.

6 Test report

The tesq report should contain the following information :

a) data concerning specially prepared test specimen(s) :

—_

specification of the basis material {substrate);

N

specification of the coating and coating materials
type of coating), especially the actual coating thickness;

—

3] method of preparing and cleaning the surface before
cpating;

4] method of application of the coating;

5] method of preparing the surface after coating;

the test methods by which they are to be evaluated, and
including the initial values beforeexposure;

3) the method by which-the surfacge was prepared and
cleaned before the protéctive coating was applied;

c) data on the testing conditions :

1} place of exposure — reference ¢f the field station;

2) method of placing or fixing the test specimens dur-
ing\testing;

3) duration of test, for example date of starting and
completion;

d) the dates and results of evaluatign of the corrosion
changes for particular test specimens fn accordance with
5.5, including both descriptive data anfd numerical assess-
ment, possibly with additional remarks on the conduct of
the test and photographs of the test sgecimens.

Additionally, it is recommended that the test report should con-
tain results of any measurements of externgl corrosion factors.
Annexes A, B and C give guidance on the¢ measurement and
recording of these factors.
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Annex A

Outdoor corrosion factors characterizing exposure conditions

Measured value

Unit

Type and number of

Expression of results

measurements
Air temperature °c
. Average per day, month and
. - o Continuous measurements or ge b v/ .

Relative humidify % . year, minimum dnd maximum

at least 3 times per day

values

Absolute humidity g/m3

Solar radiation

J/em2 - min. or -

kJ/m?2 -da .
[m v Continuous Total per month and year
Hours of sunshine hours/day
Precipitation
— type —_ -
— amou'nt mm/day Continuous
— duration h/day
— pH — Average per month and year
— SOE mg/m3 At least oncé per week
— Cr mg/m3
Wind
— direction degrees , Prevailing
— velocity m/s. Kentinuous Average -
Air contaminatign :
— concentratipn :
of SO Qg/m3
of CI'2 mr:gSCI?/;?* At least once per week Average per month anld year
of NO, mg NO/m3
of NH mg NHg/m3
of H,S mg H,S/m
— cumulative|per day :
of SO 05/m2 .
of CI'2 nrfgSCI?//r;nz Continuous Total per month and year
Insoluble dust cpntamination g/m?2 Average per month and year

{as solid particles) per day

Sudden weather
— duration
— intensity

changes and‘their character :

Continuous measurement

and composition
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Annex B I1SO 4542-1981 (E)

Example of monthly tabulation of the results of recording
outside corrosion factors
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