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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

electrotec

hnical standardization.

The procg¢dures 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 fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules 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 document may.be the subject of
ts. ISO shall not be held responsible for identifying any or all such patent rights. Detailq of
any patenf rights identified during the development of the document will be in the Introduction andfor

patent ri

on the IS

Any trade
constitute

For an ey

list of patent declarations received (see www.iso.org/patents).

an endorsement.

assessmelt, as well as information about ISO’s adherence to the W.TO principle

to Trade (

The comnpittee responsible for this document is ISO/TC 156, Corrosion of metals and alloys.

TBT) see the following URL: Foreword - Supplementary informatio

name used in this document is information given for the convénience of users and does ot

planation on the meaning of ISO specific terms and(eXpressions related to conformiity

sin the Technical Barriers
n
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Introduction

This document is a guideline for selection of suitable accelerated corrosion tests and is a survey of
different internationally standardized test methods.

For that reason, this document is not suitable to be standardized but the document is greatly needed by
the industry and test institutes.

Th

e document has for that reason been prepared as a Technical Report.

In fcorrosion testing there has been a development from qualitative to more quantitative mefthods and
the¢ prerequisites for corrosion testing in product qualification are changing. Modern:teghnologies
forl control and regulation of climatic test parameters are adopted in test equipment s
roducibility of tests increases. To make possible a better translation of laboratery-test r¢sults into

re
in-
du
qu
ass

Fid
ma
pr

—

Thie field test sites therefore often represent worst cases of environments and as such the tes
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hntitative methods are adopted for assessing changes in the functional properties, as wel
ociated chemical changes resulting from corrosion of the materials of thé.component.

terials and products, especially for testing new surface treatment'systems or coatings for
btection. Field test sites can be selected at places of high corrosivity as in marine or indust

es can be considered as accelerated tests. The degree of/acceleration is, however, mostly
[l it generally takes a long time to get an answer whether a tested material or product
sidered qualified with respect to its corrosion resistance.

F qualification of new materials and products-with respect to corrosion resistance,
elerated corrosion tests generally need to betadopted during product design work. The ]
bree of acceleration of a corrosion test the\niore favourable the accelerated corrosion test
bping the required testing time short. Qmjthe other hand, the higher the acceleration of the
bcess needs to be during testing the harder it is to simulate properly the naturally occurring
pcesses. This points at the mainpreblem in designing meaningful accelerated corrosior
bduct qualification.

Fge efforts have been made'to develop accelerated corrosion tests for the purpose g
hlification. As a result of-this work, a broad spectrum of methods now exists of which som
hilable as International Standards. However, some of those tests are intended only for chg
mparative quality efa-metallic material with or without corrosion protection, while others|
useful for predicting or estimating the long-term performance of a product with metallic
en exposed to‘corrosive stress representing in-service conditions.

identify the most relevant method for one specific application requires knowledge that us

mparing existing accelerated corrosion tests so that the various aspects in the choice of be
H procedure can properly be taken into account.

that the

service performance, quantitative methods for characterization of corrosivity-have been iftroduced
ring recent years. To evaluate the effect of corrosion attack on product functional performance,

as in the

1d-site exposure testing was and still is the traditional way to verify,the corrosion resistarce of new
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yond what you can get from a single standard. This guideline therefore presents a framework for
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Corrosion of metals and alloys — Corrosion tests in
artificial atmospheres — Guidelines for selection of
accelerated corrosion test for product qualification

1 _Scope

ThIis Technical Report is applicable for the selection of suitable accelerated atmospheric.coxid

for
ten
teq

In

Thie main purpose of this Technical Report is to\present a framework for comparing the

ac
Su

2

Thi
ing

references, the latest editipn.of the referenced document (including any amendments) appliey.

IS(
an

ISQ 9224:2012Corrosion of metals and alloys — Corrosivity of atmospheres — Guiding vall
corrosivity categories

ISQ 92255 Corrosion of metals and alloys — Corrosivity of atmospheres — Measurement of envi
pafanteters affecting corrosivity of atmospheres

qualification of products with metallic materials without or with permanent corrosipn’prd
nporary corrosion protection. The characteristics of a number of standardized aceelerated
ts are also given to serve as a guide in the preparation of test specifications.

this Technical Report the following aspects are taken into account:
Categories of accelerated atmospheric corrosion tests
Recommended fields of application for the different kinds of tests-dnd their suitability
Corrosivity of tests and relative corrosion rates of standard'metals
Requirementsfortestequipment, criteriaforreproducibility and correlation within-service pe

Recommended procedures for product qualification

elerated corrosion test methods, which presently are available as International Stand

tability of a test method varies with the requirements set by the intended application of th
Normative references

e following documents, in whole or in part, are normatively referenced in this documer

lispensable for its application. For dated references, only the edition cited applies. Fo

9223, Corrosion of ‘metals and alloys — Corrosivity of atmospheres — Classification, dete
 estimation

sion tests
tection or
corrosion

rformance

different
ards. The
e product.

It and are

- undated

rmination

es for the

ronmental

[SO™9226, Corroston of metats and aitoys — CorTosIvity of atmospheres — Determination of cor

of standard specimens for the evaluation of corrosivity

IS0 9227, Corrosion tests in artificial atmospheres — Salt spray tests

osion rate

[SO 10062, Corrosion tests in artificial atmosphere at very low concentrations of polluting gas(es)

ISO 11130, Corrosion of metals and alloys — Alternate immersion test in salt solution

ISO 11474, Corrosion of metals and alloys — Corrosion tests in artificial atmosphere — Accelerated outdoor
test by intermittent spraying of a salt solution (Scab test)

ISO 11844-1, Corrosion of metals and alloys — Classification of low corrosivity of indoor atmospheres —
Part 1: Determination and estimation of indoor corrosivity
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ISO 11997-1, Paints and varnishes — Determination of resistance to cyclic corrosion conditions — Part 1:
Wet (salt fog)/dry/humidity

ISO 11997-2, Paints and varnishes — Determination of resistance to cyclic corrosion conditions — Part 2:
Wet (salt fog)/dry/humidity/UV light

ISO 14993, Corrosion of metals and alloys — Accelerated testing involving cyclic exposure to salt mist, “dry”
and “wet” conditions

ISO 16151, Corrosion of metals and alloys — Accelerated cyclic tests with exposure to acidified salt spray,
“dry” and “wet” conditions

ISO 16701 Corrosion of metals and alloys — Corrosion in artificial atmosphere — Accelerated corrosion-test
involving gxposure under controlled conditions of humidity cycling and intermittent spraying of a salt'solutjon

[SO 2034, Paints and varnishes — Performance requirements for protective paint systems foroffshore dnd
related stiuctures

ISO 21207, Corrosion tests in artificial atmospheres — Accelerated corrosion tests-involving alternqte
exposure fo corrosion-promoting gases, neutral salt-spray and drying

[EC 60068-2-11, Environmental testing - Part 2: Tests. Test Ka: Salt mist

IEC 60068-2-30, Environmental testing - Part 2-30: Tests - Test Db: Damp,heat, cyclic (12 h + 12 h cycle)
IEC 60068-2-52, Environmental testing - Part 2: Tests - Test Kb: SaltWiist, cyclic (sodium, chloride solutign)
IEC 60068-2-60, Environmental testing - Part 2: Tests - Test Ke: Flowing mixed gas corrosion test

IEC 60068-2-78, Environmental testing - Part 2-78: Tests - Test Cab: Damp heat, steady state

3 Catepories and characteristics of accelerated corrosion tests

The oldest and most wildly used method for:‘laboratory accelerated corrosion testing is maybe the
continuoup neutral salt spray test (category A inrTable 1). The continuous salt spray testis particularly useful
for detecting discontinuities such as poresand other defects in certain metallic, anodic oxide and conversjon
coatings ap well as in organic coatings.However, although used extensively for the purposes of qualificat{on
testing, repults from continuous saltspray testing seldom correlate well with in-service performance.

2 © IS0 2013 - All rights reserved
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Table 1 — Categories of accelerated atmospheric corrosion tests

2013(E)

Category of test Examples of standards
A Continuous salt spray tests 1S09227; IEC 60068-2-11
Tests with alternating immersion of test objects in a salt solution followed by drying
B . . . . 1SO 11130;
or intermittent salt spraying and drying
. . - o . . 1SO 11474, 1S0 14993; IS0 11997-1;
C Tests with cyclic variation 0fhum1d;t¥§d€g/wet) and including also steps of salt 1SO 11997-2; 1SO 16151 1SO 16701,
praying 1SO 20340, IEC 60068-2-52
Testswith continuons exnasnre to atmosnhereswith low concentrations of corra-
- T Ny . S TSO 1006Z; IEC 6006872-60
sion promoting gases and at moderately high humidity
Tests with continuous exposure to atmospheres with higher concentrations of corro-
E sion promoting gases and at higher humidity including also steps of drying and short ISO 21207
period of salt spraying
IEC 60068-2478,1EC 60068-2430, NT ELEC
o 025-(with condensat]on)

High humidity tests

Seeyeference [1] in the Bib

liography

Onle way to increase this ability is to introduce a step of drying after salt spray exposure (cat
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ble 1). Even better, however is to combine salt spray exposure with humidity cycling betw
midity level and a low humidity level (category C in Table 1}\and, thus, introducing both w
ying in the corrosion test cycle.

cults from such tests turn out to correlate reasonably well with in-service performance
fdoor conditions. A number of cyclic accelerated. ¢orrosion tests based on this principle

eloped and standardized. The complexity of such tests, however, varies and so the requirg
t equipment. To get better control of the facters determining the rate of corrosion and re
service corrosion performance advanced systems have come into use.

Ftain air pollutants as sulphur dioxide SO7, nitrogen dioxide NO, hydrogen sulphide H3S, an
present in air as trace substanceS promote corrosion of metals under high humidity
 need to be taken into considefation in the evaluation of corrosion resistance of product
pecially sensitive to corrosion failures such as electronic devices. High humidity exposure t
psence of such air pollutantsiare therefore frequently used in the qualification of electronig
Lh respect to corrosion resistance (category D in Table 1).

rrosion effects may-appear at air volume fractions of pollutants less than of 10-6. The con
lutant corrosion-tests, therefore, requires very special kind of test equipment. Moreover m
luting gases arejoften used to simulate synergistic effects.

assess corvosion resistance of certain products, tests combining intermittent salt spral
bosure_tocorrosion promoting gases have also been introduced (category E in Table 1). 4
hergistic effects may be tested by such methods. The tests are also recommended for quali
bducts designed for use in relative corrosive environments.
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Sometimes tests involving exposure of test specimens to high humidity and to condensing water
are considered as corrosion tests (category F in Table 1). Such test may produce corrosion effects on
metallic parts of products if surface contaminants in the form of salts are present. Condensation tests
are also used for the testing of organic coatings because they may induce damage caused by swelling
and out-leakage of additives. For testing of electronic devices high humidity tests are used for control
of air-tightness and in-leakage of water in the equipment. A special case of that is testing the corrosion
protection capability of a semi permeable enclosure with electric device by initiating rapid cooling of the
enclosure. This will cause the pumping of damp air into the enclosure and there result in condensation
of water vapour if the cooling effect is sufficiently high.
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4 Recommended fields of application for different kinds of tests and their suit-
ability

During recent years methods for quantitative assessment and classification of atmospheric corrosivity
have been developed and some of those exist also as International Standards. Atmospheric corrosivity for

a specific location may either be estimated from meteorological data as described in ISO 9223 or assessed
by measuring the corrosion rate of standard metal specimens at this location as described in [SO 9226.

The suitability of the different categories of corrosion tests for product qualification is given in Table 2
for four different fields of applications and at varying corrosivity of an intended in-service environment
in those applications.

The corrofivity categories C1 = very low corrosivity, C2 = low corrosivity, C3 = medium corrosivity,|C4
= high corfrosivity, C5 = very high corrosivity and CX = extreme corrosivity given in Table 2.are/defined
quantitatively in the standard ISO 9223. The severity classes G1 = mild, G2 = moderaté)-G3 = hargh,
and GX = severe appearing in Table 2 also are quantitatively defined in ISA S71.04 (Referencel2] in the
Bibliography). Corrosivity classification for low corrosive atmospheres is also describedin ISO 11844-1,
which includes a comparison of ISO and ISA corrosivity categories.

For exprepsing the suitability of a specific category of corrosion test the following classes are used:
P = Preferfred kind of method,
U = Useful for comparative testing of similar products, and

N = Not ugeful unless for quality control of the same product.

4 © IS0 2013 - All rights reserved
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Table 2 — Suitability of corrosion test methods for different fields of application

Field of application Suitability of different categories of corrosion tests
C
A B . D E
ipti ivi (humidity (air pollutant F
Description Corrosivity (constantsalt | (alternate | cyclingwith | (air pollutant p . .
. . exposure, drying | (condensation)
spray) immersion) | saltspray- exposure) d sal
ing) and salt spray)
Top site
N U P - P2) -
Merri _ (C4-C5)
P TIIC CUTISTI UL
tions Splash (C5) N U - - -
Sub-sea 1) - - - - -
Chassis
N U P - p2) -
(C4-C5)
Engine
Automoti
utomotive compartment N u P ) p2) :
(C2-C4)
Passenger com- } ) > }
partment (C1) k2 P
Open
P N U P - p2) -
(c3-c5)
Buj ldmg construc- Sheltered (C2-C4) N U P - P2) -
tions
Indoor
- - p2) - P
(C1-C2)
Severe(GX) U3) U3) U3) - P p4)
Electric Harsh (G3) U3) u3) U3) - P P4)
devices Mild to Moderate
- - P p
(G1-G2)
P 3 Preferred kind of method
U # Useful for comparative testing of similar products
N ¥ Not useful unless for quality control of the same product
1) The total imndepsion test should be used.
2) Is the preterred kind of method for electric devices but is also of more general applicapility.
3) Forthe testing of tightness.
4) Preferred kind of method when the effect of inner salt contaminants dominates.
Geperal statements on the suitability of the different categories of tests for assessing the|corrosion

resistance of specific metallic materials are given in Table 3 by making use of the same classes of
suitability as used in Table 2.

© IS0 2013 - All rights reserved
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Table 3 — Suitability of the different tests for assessing corrosion resistance of specific metallic
materials with or without corrosion protection

Suitability of different categories of corrosion tests

corrosion|protection

A B ¢ D -
Metallic material (humidit (air pollut- F
(constant salt (alternate cvelin wi}t,h (air pollutant ant exposure, (condensation)
spray) immersion) yelng wi exposure) drying and salt
salt spraying) spray)
Metals and alloys N U P 4) P5) 7)
Metals pr] atect_ed by U U p % ps) 7)
cathodiq coatings
Metals pr atec_ted by N N p1) 4 PS5) 7
anodic foatings
Metals prptected by
conversion cpatings on an N U P 4) P5) 7)
anodic|coating
Metals pr] atect_ed by N U P2),3) 5 ) P6),7)
organicjcoatings
Metals with temporary P8)

P = Preferfred kind of method
U = Usefu

for comparative testing of similar products

N = Not ugeful unless for quality control of the same product,

1) Considg¢ration should be paid to the fact that some testméthods enhance the corrosion of zinc relat
to that of farbon steel, see Table 5.

2) Consideration should be paid to the fact that)for some methods the drying times are too sh

ve

Drt

and the salt load too high to avoid locking of\paint under-creep corrosion for many coating systemms.

Crevice cprrosion may be hampered by thé.same reason. In the selection of corrosion test meth
and specification of test severity consideration should be paid to the fact whether open air or crey|

corrosion|is the most critical.

3) Most methods are not capable to simulate all type of failure modes for painted aluminium.

4) Kind of test method mainly-intended for testing of electric devices from mild to harsh corros

environmpents.

od
ice

ve

5) Preferpble kind of\test method in connection with testing of electric devices but is also mgre

generallyjapplicable,

6) Conderfsation-testing of value for checking wet adhesion of coatings.

7) Preferrgdkind of method for testing electric devices when the effect of inner salt contaminants dominates.

8) Temporary corrosion protection includes in this case surface treatment with waxes or other agents
to protect metal surface from moisture.

In the table some considerations needed to be taken into account when selecting the most appropriate

test method within a certain category of corrosion tests are also stated.

5 Corrosivity of tests and relative corrosion rates of standard metals

The use of standard metal specimen exposure to assess corrosivity or corrosion load should preferably
be adopted for characterizing the corrosive stress in a specific accelerated corrosion test. Data on
corrosivity with respect to corrosion of standard metal specimens are available for many standard

© ISO 2013 - All rights reserved
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tests and such data can be used to compare different tests. To illustrate how the corrosive str
between some standard tests, estimated mean testing times to reach a metallic mass loss of ca
of 670 g m-2, corresponding to approximately 5 years of outdoor exposure in corrosivity ca

ess varies
rbon steel
tegory C3

mean, according to [SO 9224:2012 are presented in Table 4. Data on the corrosivity of the different tests

are found in the respective standards but are also available in Annex A of this Technical Repo

rt.

Table 4 — Testing time to reach a metallic mass loss of carbon steel of 670 g m-2, corresponding
to approximately 5 years of outdoor exposure in corrosivity category C3 mean according to

IS0 9224:2012

Test method Mean testing timeT) to reach a metallic mass]oss of car-
bon steel = 670 g/m2 due to corrosion(flays)
(Qutdoor exposure under mean C3 atmospheric corrosivity conditions 1780
according to ISO 9224
(Qutdoor exposure under mean C4 atmospheric corrosivity conditions 622
according to ISO 9224
(Qutdoor exposure under mean C5 atmospheric corrosivity conditions 143
according to ISO 9224
(Qutdoor exposure under mean CX atmospheric corrosivity conditions 15
according to ISO 9224
1S0 9227 19
1SO 14993 7
ISO 16151A 12
ISO 16151B 15
1SO 16701 19
1SO 21207B 24
1SO 11997-1 32
1SO 11474 1202)

1) [Mean testing times have been esfimated from metallic mass loss data found in the 1

espective

stgndards and it has further beenjassumed that metallic mass loss versus exposure time for the

ac¢elerated tests is linear

2) Pata representative for testing during winter season at SP Technical Research Institute of §

Thle corrosion rate of-one standard metal in relation to the corrosion rate of another stand|
in [an accelerated corrosion test should be considered in the choice of the most suitable
given application-THe relative corrosion rate of the two standard metals in the test compa

weden

ard metal
test for a
red to the
11 the test
bel and for
d allowed
hss loss of

during 5
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Table 5 — Allowed range of metallic mass loss of carbon steel and of zinc with reference to a

mean metallic mass loss of carbon steel equal to 670 g/m?2

Metallic mass loss of carbon steel (g/

Test method/exposure timel) m2) Metallic mass loss of zinc (g/m2)

Atmospheric corrosivity category C3 for 5 450 - 900 18-55

years

IS0 9227 for 19 days 480 -860 240-710

ISO 14993 for 7 days 530-800 100-170

1SO 16151 A for 12 days 460 - 880 140 - 250

9

016151 B for 15 days 470 -870 15-50

SO 16701 for 19 days 630-710 25-35

—_—

40 21207 B for 24 days 670 2) 104 2)

19

011997-1 for 32 days 670 2) 24172)

I

0 11474 for 4 months 6702) 63.2)

1) Mean f
standards
acceleratg

2) Availab
cases

For the p
service cd
exposed t
be used t

equivalenf corrosion load approach is for the productito be tested and qualified depends on m4

factors as

load estinpations, the available in-service corrosion data, and the accelerated test selected for prod

qualificat
more relid

6 Requirements for test equipment and reproducibility of test results

The requi
corrosion
acceleratd

In the chd
and that d

test equipment is,;ofcourse, also the availability of test equipment required for the various tests that g

come into

esting times have been estimated from metallic mass loss data fotnd in the respect
and it has further been assumed that metallic mass loss versus exposure time for {
d tests is linear

e data is limited so that it is not possible to give an allowed range’of metallic mass loss in th

irpose of product qualification, results from standard. metal specimen exposure under
nditions should be used to estimate the most likelylifetime corrosion load a product may
b during its designed service lifetime. This estimated in-service corrosion load may thereaf
h estimate the necessary exposure time for a product qualification test. How relevant t

the corrosion properties of the materials ofithie product, the standard metal used for corros

on. But, the better the accelerated ‘test is in simulating in-service corrosion behaviour f{
ble predictions can be made from:ghé results of the test of course.

rements for test equipment may vary considerably between different standardized accelerat
tests as are shown-in Annex A, where important characteristics of some standardiz
d corrosion testsare given.

ice of test equipment, the requirements set by the test method considered the most suita
n reproducibility of test results should be first considered. Of importance in the selection

question and the cost of test.

ve
he

se

in-
be
ter
his
ny
on
ict
he

ed
ed

ble
of
an

NOTE

When using simple test methods, it is important to check the test conditions very carefully

or

obtaining a reasonably high reproducibility. The corrosivity of the test should be checked by standard metal
coupon exposure and adjusted so that it falls within the prescribed interval as described in most of the newer
standards. However, it is also important to take into account that the correlation between test results and in-
service corrosion performance is generally much poorer when a simple highly accelerated test is used than when
amore advanced accelerated corrosion test is utilized for the same purpose.

7 Recommended procedures for product qualification

For qualification testing of products or functional units with respect to corrosion resistance the

following

general procedure is recommended.
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Use the results of an initial risk analysis of potential failure modes of the product or functional
unit to be qualified, as described in Annex B, to identify a critical failure mode and associated corrosion
process that needs to be evaluated by way of accelerated corrosion testing.

Select appropriate accelerated corrosion test; see Clauses 3, 4, 5, 6 and Annex A.

Select suitable attribute of the functional unit for use as degradation indicator.

From the

performance requirement evaluate the lowest tolerable level of this degradation indicator to define

fai

4)

lure of the functional unit; see Clause B.2.

Specify in-service corrosivity and design lifetime corrosion load for the function

al unit to

be
pr
sel

5)
for

6)
thg

7)
no

Ho
pr

eferred method for determining severity classes or classes of atmospheric corrosivity.in's
vice environments; see Clause B.3 and Clause 5.

Estimate acceptable failure time in the accelerated test from the design lifetime corr

Perform the test and conclude whether the tested functional unitiasa failure time h

From the results obtained conclude whether the functionalunit shall be considered q
L in respect of its corrosion resistance.

w the proposed methodology can be adopted is illustrated in Annex A where some ex3
duct qualification schemes based on accelerated corrosion testing are given.

b acceptable. Analyse test specimens also with respect to expected degradation mechanisng.

tested. The exposure of metal coupons and determination of the rate of corrosion ofrthose is the

pecific in-

bsion load

the functional unit. Adopt the principle of equivalent corrosion load as describéd in Clause 5.
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Annex A
(informative)

Characteristics of standardized accelerated atmospheric

corrosion tests

Warning |—

tests are
the stand

A.1 IS
The oldes

presented for the purpose of comparing the tests. To conduct the tests, the full-text
ards is needed.

9227, Corrosion tests in artificial atmospheres — Salt spray.tests

[ and most wildly used method for laboratory accelerated corrosion testing is the continud

neutral sdlt spray test as described in e.g. ASTM B117, ISO 9227 and IEC 60068-2~11.

A1.1 R¢

The salts
with or w
rank diffe]

The salt s
in certain
salt mist ]

— then
catho

— the ad
nicke

— the cd
coppd

pcommended fields of applications

bray methods are all suitable for checking that the comparative quality of a metallic mater]
thout corrosion protection is maintained. They should riot be used for comparative testing
rent materials relative to each other with respect to cexrosion resistance.

bray tests are particularly useful for detecting discontinuities such as pores and other defe
metallic, organic, anodic oxide and conversion,coatings. Depending on the composition of 1
here are three different salt spray test methods used for different materials:

putral salt spray test (NSS) applies to metals and their alloys, metallic coatings (anodic a
dic), conversion coatings, anodic oxide coatings, and organic coatings on metallic materials

etic acid salt spray test (AASS) i§ especially useful for testing decorative coatings of coppe
+ chromium or nickel + chromium,

pper-accelerated acetic acid salt spray test (CASS) is useful for testing decorative coatings
r + nickel + chromium ornickel + chromium; it has also been found suitable for testing ano

coatings on aluminium. However, it should be mentioned that no satisfactory basis for comparis

can b
and ¢
prom

A.1.2 T¢

In the con

e derived from this-test with regard to the respective quality of nickel + chromium coatiy
opper + nickel+-chromium coatings, because the reagent used contain copper ions wh
bte corrosion/n’the presence of nickel but is without influence on copper.

st conditions

under co

[ipuous salt spray test, the test ob]ects are contlnuously exposed toasalt contalnlng mist or f

In this annex, general characteristics of some standardized accelerated corrosion

of

us

ial
to

Cts
he

nd

of
dic
on
1S
ch

solution ofa concentratlon 0f50 g/L g1v1ng a pH ofthe salt mlst solutlon between 6,5 and 7 2 In the AASS
test, glacial acetic acid is added to the 50 g/L sodium chloride salt solution so that the pH of the salt mist
solution will become around 3,2. In the CASS test, copper(II) chloride dihydrate (CuCl-2H,0) is added
to the AASS solution to produce a solution with a CuCl; concentration of 0,26 g/L and of pH around 3,2.
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A.1.3 Reproducibility and correlation with in-service exposures with respect to ob-
served damage

There is seldom a direct relation between resistance to the action of continuous salt spray and resistance
to corrosion in other media, because several factors influencing the progress of corrosion, such as the
formation of protective films, vary greatly with the conditions encountered. Therefore, the test results
should not be regarded as a direct guide to the corrosion resistance of the tested metallic materials.
Nevertheless, the method described gives a means of checking that the comparative quality of a metallic
material, with or without corrosion protection, is maintained.

Salt spray tests are generally suitable as corrosion protection tests for rapid analysis for disoohtinuities,
pofes and damages in organic and inorganic coatings. In addition, for quality contrel [purposes,
comparison can be made between specimens coated with the same coating. As compardtive tests
hojvever, salt spray tests are only suitable if the coatings are sufficiently similar innature.

It is often not possible to use results gained from salt spray testing as a comparative guide tg the long-
tefjm behaviour of different coating systems as the corrosion stress during these tests differs significantly
frdm the corrosion stresses encountered in practice.

A.2 1SO 10062, Corrosion tests in artificial atmosphere at very low concentra-
tigns of polluting gas(es)

Prpducts with e.g. sensitive electrical functions may during/storage or operation in indoor lofations be
affected by atmospheric corrosion dependent on climatic\factors as temperature, relative humidity, air
velocity and rate of change by temperature and humidity.Additionally, gaseous pollutants may seriously
affect the rate of corrosion as well as the occurrenceof different corrosion mechanisms. Confaminants
onfthe surface, such as salt, dust, oil and compoundsliberated from plastics may also affect thie rate and
mgchanism of corrosion.

Different corrosion promoting gaseous pollutants dominate in different field environments:

—| sulphur dioxide and nitrogen oxides'in atmospheres influenced by combustion of fossil fyels and in
traffic environments,

—| hydrogen sulphide in atme@spheres in the vicinity of petrochemical and steel industry| decaying
organic matter, stagnantwaters and animals shelters, and

—| hydrogen sulphide and chlorine compounds in the vicinity of pulp and paper industry; if ¢hlorine is
used for bleaching

Thiose gaseouspollutants are known to act as single corrosion promoting factors. But, in atmospheres
where more than one gaseous pollutant is present, synergistic effects may be initiated. As|a result a
copnsiderable increase in the corrosion rate may occur compared to the case when the different gaseous
pollutants.act as single corrosion promoting factors.

A.2. 1T Recommended fields of applications

This standard specifies tests which are intended to determine the influence of one or more of those
flowing polluting gas(es) under determined conditions of temperature and relative humidity.

The tests apply to metals and their alloys, metallic coatings (anodic and cathodic), metals with conversion
coatings, metals with anodic oxide coatings and metals with organic coatings.

A.2.2 Test conditions
In the corrosion tests test objects are exposed to a flow of air containing corrosion promoting polluting

gases under constant conditions of temperature and relative humidity. The standard specifies six
alternative mixtures of polluting gases and two test options regarding choice of temperature and
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relative humidity. The polluting gases that are considered in the standard are: sulphur dioxide, hydrogen
sulphide, nitrogen dioxide and chlorine.

A.3 IS0 11130, Corrosion of metals and alloys — Alternate immersion test in
salt solution

A.3.1 Recommended fields of applications

The alternative immersion test, with or without applied mechanical stress, is particularly suitable for
quality cofitrol during the manutacture of metals including aluminium alloys and ferrous materials, and

for assessment purposes during alloy development.

Depending upon the chemical composition of the test solution, the test may be used to simulate the
corrosive [effects of marine splash zones, de-icing fluids, and acid salt environments.

The alterpate immersion test applies to metals and their alloys, certain metallic codtings (anodic and
cathodic With respect to the substrate), certain conversion coatings, certain anodiC/exide coatings, gnd
organic cqatings on metals.

A.3.2 Test conditions

The test ¢onsists of immersion of a test specimen stressed (see ISO{7539-1) or unstressed, in a qalt
solution, fpllowed by withdrawal and a period of drying.

The imme}sion/drying cycle is repeated at a given frequency for,a given period. The extent of attack is then
evaluated|For many materials, this provides a more severe corrgsion test than simple continuous immersipn.

A.4 1SQ 11474, Corrosion of metals and alloys — Corrosion tests in artificial
atmosphere — Accelerated outdoor testby intermittent spraying of a salt solu
tion (Schb test)

The accel¢rated outdoor exposure test described in ISO 11474 involves intermittent spraying of a qalt
solution tp simulate and enhance the environmental stress prevailing at marine test sites. It is based|on
the so-called VOLVO SCAB method, which has long been used by the automotive industry.

A.4.1 Recommended fields ofapplications

The meth¢d is mainly intendedfor comparative testing and one or more reference materials are therefgre
always ngcessary. The results obtained do not permit any far-reaching conclusions on the corrosjon
resistancg of the testéd-metal in all environments where it may be used. The method described dan
neverthelgss give valuable information on the relative performance of materials in service.

This accelerated-outdoor corrosion test applies to organic coatings on metals, metallic coatings (anofic
and cathqdic); chemical conversion coatings, and metals and their alloys. The method is especiglly
suitable far eomparative testing in the optimisation of surface treatment systems

A.4.2 Test conditions

In this method, the corrosion process during outdoor exposure is accelerated by intermittently spraying
a solution of sodium chloride (mass fraction 3 %) twice a week, 3-4 days apart, onto the test surface. The
test duration is normally six months.

A.4.3 Recommended procedures for product qualification

The test is mainly suitable for comparative testing. Its use for qualification of rust protective coating
systems is limited due to the fact that the quantitative results of the test vary very much with the climatic
outdoor conditions during testing. Tests, for example that are started in northern Europe in the autumn
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and finished in the springtime, are generally two to three times more aggressive than tests performed
during the summer season due to longer periods of wetting during the winter season compared to the
summer season.

A.5 IS0 14993, Corrosion of metals and alloys — Accelerated testing involving
cyclic exposure to salt mist, “dry” and “wet” conditions

This test method involves cyclic exposure of test specimens to a mist of salt solution, to drying conditions,
and to periods of high humidity. Its particular advantage over the neutral salt spray test (NSS) lies in its

'-I'l‘l"l' C COITOSIO dcoccu OUCUOO0T Sdlt-COITtd daced CIvIT o nts.

A.5.1 Recommended fields of applications

Thie method is recommended for comparative testing and the results obtained>do not pprmit far-
regching conclusions on the corrosion resistance of the tested metallic materiat,under the whole range
of pnvironmental conditions within which it may be used. Nevertheless, the method providegs valuable
information on the relative performance of materials exposed to salt:centaminated environments
sirhilar to those employed in the test.

Thie test applies to: metals and their alloys, metallic coatings (anodic'and cathodic), conversion coatings,
anpdic oxide coatings, and organic coatings on metallic materials:

A.5.2 Test conditions

Thie test objects are successively submitted to a mist ofineutral salt solution, to drying conditipns at low
relative humidity, and to periods of high. No condensation on the test objects should occur during the
periods of high humidity. The 8 hours test cycle is'tepeated a certain amount of times in orddr to reach
th¢ desired corrosivity with respect to corrosionof carbon steel and zinc.

A.p ISO 16151, Corrosion of metals and alloys — Accelerated cyclic tests with
exposure to acidified salt spray,‘dry’ and ‘wet’ conditions

Thiis standard specifies two test methods A and B, which involve cyclic exposure of test speclmens to a
mipt of acidified salt solution, tesdrying conditions, and to periods of high humidity:.

A.6.1 Recommended fields of applications

Thie particular advaiitage of the two tests over the neutral salt spray test (NSS) as specified ir} [SO 9227
lief in their better-ability to reproduce the corrosion that occurs in outdoor salt-acid rain envifonments.
Thiey are also useful for evaluating cosmetic corrosion.

Thie methods’are mainly intended for comparative testing and the results obtained do not permit far-
reaching,conclusions on the corrosion resistance of the tested metallic material under the whole range
of environmental conditions in which they may be used. Nevertheless, the methods provide valuable
inflormation on the relative performance of materials exnosed to salt-acid rain environmentslsimilar to

those employed in the test.

Method A applies to metals and their alloys, metallic coatings (cathodic), anodic oxide coatings, and
organic coatings on metallic materials. Method B applies to steel coated with anodic coatings, steel
coated with anodic coatings covered with conversion coatings.

A.6.2 Test conditions

The test conditions for method A are similar to the test conditions in the standard ISO 14993, except that the
neutral salt solution is replaced by an acidified salt solution of pH 3,5 in the first step of the three-steps cycle.

In method B, the test objects are successively submitted to a mist of acidified salt solution of pH 2,5, to
drying conditions at low relative humidity, and to periods of high humidity. This 8 hours test cycle is
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repeated a certain amount of times in order to reach the desired corrosivity with respect to corrosion
of carbon steel and zinc.

A.7 1S0 16701, Corrosion of metals and alloys — Corrosion in artificial atmos-
phere — Accelerated corrosion test involving exposure under controlled condi-
tions of humidity cycling and intermittent spraying of a salt solution

This cyclic corrosion test includes two phases. The first phase is a wet phase, during which the test object
is repeatedly subjected first to a spray of aqueous salt-containing solution then to a wet stand-by period
during whichTesidual wetness remains on the test object. The second phase consists of controlled cyglic
humidity |conditions, where the test object is subjected to an environment which alternates betwgen
high humidity and comparative dryness.

A.7.1 Recommended fields of applications

The test method has been developed for simulation of corrosion on open surfaces (cosmetic corrosipn)
and consequently the dry periods are relatively short. As the drying up time in créVvices is usually mych
longer, prjolonged drying periods are needed to simulate corrosion phenomena in specimens wijith
crevices if a realistic way. The method is thus preferably recommended for évaluation of corrosion and
corrosion|protection on open surfaces.

The accel¢rated laboratory corrosion test applies to metals and theiralloys, metallic coatings (anofic
ic), chemical conversion coatings, and organic coatings/onvmetals. The method is especiglly

cycle consist of periods of low relative humidity at 45°C followed by period of high relatjve
humidity pt 35°C. Twice a week, a salt solution of pH#is sprayed onto the test objects for a total perjod

ing recommended proceduge for product qualification concerns surface treated exterfior
automotiye parts. In general a six-week test should be sufficient to rank any bare metal (alloy) or a meftal
protected|with a thin conversion coating or a metallic, inorganic or organic coating. A twelve-week test
is recomnpended for the rankingofhigh quality coating systems.

A.8 1SQ 21207, Corrosion tests in artificial atmospheres — Accelerated corro-
sion tests involving alternate exposure to corrosion promoting gases, neutral salt
spray and drying

The standard{déscribes two cyclic corrosion test methods involving a short period of neutral salt spfay
testing, fqllewed by drying and a longer time period of exposure to an air flow containing corrosjon
promoting gaseous pollutants at high humidity.

A.8.1 Recommended fields of applications

The two test methods defined are intended for use in assessing the corrosion resistance of products
with metals in environments where there is a significant influence of chloride ions, mainly as sodium
chloride from a marine source or by winter road de-icing salt, and of corrosion promoting gases from
industrial or traffic air pollution.

The methods are especially suitable for assessing the corrosion resistance of sensitive products with
metals, e.g. electronic components, used in traffic and industrial environments.
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