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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
electrotechnical standardization.

Internationg-Standards-are-draftedinracecordanece-with-theridesgiveninthe ISOHECDreetives;Part 2.
The main thsk of technical committees is to prepare International Standards. Draft Internatjonal
Standards gdopted by the technical committees are circulated to the member bodies for vqting.
Publication [as an International Standard requires approval by at least 75 % of the member bpdies
casting a voge.

Attention is|drawn to the possibility that some of the elements of this document-may be the subjéct of
patent rightg. ISO shall not be held responsible for identifying any or all such patent rights.

[SO 16539 was prepared by Technical Committee ISO/TC 156, Corrosion of fetals and alloys.
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Introduction

Corrosion of metallic materials, with or without corrosion protection, is influenced by many
environmental factors, the importance of which can vary with the type of metallic materials and with
the type of environment. It is impossible, therefore, to design accelerated laboratory corrosion tests in
such a way that all environmental factors influencing resistance to corrosion are taken into account.
Laboratory tests are, therefore, designed to simulate the effects of most important factors, which
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nce the corrosion of metallic materials.

orrosion tests described in this International Standard are designed to s

sure to salt-contaminated conditions occurs and can promote corrosion. It has beén
ence to technical papers and reports (see the Bibliography).

particular advantages of two tests described in this International Standard over d
erated tests, such as the neutral salt spray test (NSS) as specified in 1SO79227 and t
dry/humidity test as specified in ISO 14993, lies in their better ability to-reproduce tl
bccurs in atmospheric environments which contain much sea salt.

erated corrosion tests to simulate atmospheric corrosion
ded/expected to include the following requirements.

[onstant absolute humidity: It is generally observed thattémperature and relative hum

alts is an important factor affecting atmospheric*Corrosion behaviour. The same 1
onstant absolute humidity, as an actual environment is intended /expected to exist for {

[Lontrol of the amount of salt deposition: Th€ amount of the salt deposition on test §
tended/expected to be changed according to the corrosivity of the atmosphere in whi
etallic material can be used. A salt-gontaining test solution is intended/expected to |
he spraying time is intended/expected to be adjusted to provide the same yearly aver
f the salt deposition as an actual environment.

efore, the tests described in:'this International Standard involve the salt depositio
vet conditions under a constant absolute humidity.

results obtained do.not permit far-reaching conclusions on the corrosion resist
d metallic material-inder the whole range of environmental conditions in which it
rtheless, the tests’provide valuable information on the relative performance of mater
[t-contaminated environments similar to those used in the tests.

nternatienal Organization for Standardization (ISO) draws attention to the fact that

that

giverr in'€lause 8, Table 3, and Figure 2.
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[SO takes no position concerning the evidence, validity, and scope of this patent right.

The holder of this patent right has ensured the ISO that he/she is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In
this respect, the statement of the holder of this patent right is registered with ISO. Information can be
obtained from:

JFE Steel Corporation
2-2-3, Uchisaiwaicho, Chiyoda-ku, Tokyo 100-0011, JAPAN

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights other than those identified above. ISO shall not be held responsible for identifying any or
all such patent rights.
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INTERNATIONAL STANDARD

ISO 16539:2013(E)

Corrosion of metals and alloys — Accelerated cyclic
corrosion tests with exposure to synthetic ocean water

salt-deposition process — “Dry” and “wet” conditions at
constant absolute humidity
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International Standard specifies two accelerated corrosion test procedures, Methods
valuation of corrosion behaviour of surface-treated metals and their alloys with'‘and w
em in atmospheric environments. It also specifies the apparatus used. Thedwo tests|
sition and dry/wet conditions at a constant absolute humidity.

od A applies to:

metals and their alloys (including corrosion-resistance alloys)

od B applies to:

etals and their alloys

oatings, and conversion coatings]

Normative references

following documents, in whole or. infpart, are normatively referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

1628-1, Paints and varnishés* — Evaluation of degradation of coatings — Designation
ize of defects, and of intensity of uniform changes in appearance — Part 1: General intr(
nation system

628-2, Paints grid varnishes — Evaluation of degradation of coatings — Designation of
f defects, and-gfintensity of uniform changes in appearance — Part 2: Assessment of degreg

628-3, Raints and varnishes — Evaluation of degradation of coatings — Designation of
)f defects;and of intensity of uniform changes in appearance — Part 3: Assessment of degn]

628-4, Paints and varnishes — Evaluation of degradation of coatings — Designation of

A and B, for
ithout paint
involve salt

etals and their alloys with coatings [including fnetallic coatings (anodic or cathodlic), organic

ent and are
For undated
es.

of quantity
duction and

quantity and
of blistering

quantity and
ee of rusting

quantity and
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Size bj UcyeoLs, urtd Uy rricCriste y Uy urtyfournmt Cridriges it uppecururice — rurt <. A55C3SITICTIL U Ucyr

of cracking

ISO 4628-5, Paints and varnishes — Evaluation of degradation of coatings — Designation of quantity and
size of defects, and of intensity of uniform changes in appearance — Part 5: Assessment of degree of flaking

IS0 8407, Corrosion of metals and alloys — Removal of corrosion products from corrosion test specimens

ISO 8993, Anodizing of aluminium and its alloys — Rating system for the evaluation of pitting
corrosion — Chart method

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

ISO 10289, Method:s for corrosion testing of metallic and other inorganic coatings on metallic substrates —
Rating of test specimens and manufactured articles subjected to corrosion tests
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ISO 11130, Corrosion of metals and alloys — Alternate immersion test in salt solution

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

ISO 17872, Paints and varnishes — Guidelines for the introduction of scribe marks through coatings on

metallic panels for corrosion testing

3 Test solution

3.1 Preparatiomofthemixedsattsotatiom

The mass of reagents shown in Table 1 shall be dissolved in distilled water or deionized water, |with
a conductivjty of not higher than 20 pS /cm at 25 °C * 2 °C, to produce a mixed salt splution with a
concentratign of 36,0 g/1 + 3,6 g/I.

The compogition of the mixed salt solution is the same as typical synthetic ocean’water shown in
ISO 11130:2010, A.3 (test solution for simulating the corrosive effects of ocean water).

Table 1 — Reagents and their concentrations of a mixed salt solution

Reagents Concentration
/1)
NaCl 24,53
MgCl, 5,20
NazS04 4,09
CaCly 1,16
KCl 0,695
NaHCO3 0,201
KBr 0,101
H3BO3 0,027
SrCly 0,025
NaF 0,003
WARNING - Handligg.of SrCl; and NaF can be hazardous and shall be restricted to use by
skilled chemists ortonducted under their control.

3.2 pH adjustment

To adjust thle pH ‘of-the solution, 5,0 g + 0,5 g of NaOH shall be dissolved in water and diluted to [total
volume of 1|Lto'make 0,125 mol/1 NaOH solution. It shall be added to the mixed salt solution to arijust
the pH to 8,201 at25°C+2°C

3.3 Preparation of the test solution

The test solution shall be used as the mixed salt solution or shall be diluted by 1:10 and 1:100 to the mixed
salt solution with a concentration of 36,0 g/1+ 3,6 g/1, 3,60 g/1+ 0,36 g/1,and 0,360 g/1 + 0,036 g/1. When
not specified, the concentration shall be agreed by the interested parties.

2 © IS0 2013 - All rights reserved
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4 Apparatus

4.1

Component protection

All components in contact with the test solution shall be made of, or lined with, materials resistant to
corrosion by the test solution and which do not influence the corrosivity of the atomized test solution.
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4.2

Itis

4.3

The
test

shall

The
a)
b)
The

solid

4.4
The

In th
bulb
hum

4.5

After

test

Watg
thes

4.6
The

a)

apparatus shall include the components described in the following.
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Salt deposition device
dtomizer shall be made of corrosion resistant materials, e.g. glass, plastic, oy titanium. T
bolution shall be deposited homogeneously on specimens. The amount ©f-deposited {
be controlled. The diameter of the atomized test solution should be equal to or less th

hmount of deposited test solution can be controlled in the followingghanners:

dq

Iy controlling the test period with a continuous atomization;
y controlling the amount of test solution, the atomized pressure, and the moving speed of

ompressed air supplied to the atomizer shall be passed through a filter to remove all t
matter.

Temperature and humidity control device

g
e transition period of temperature and humidity, the device shall be capable of contro

dity by keeping the absolute humidity constant to dry bulb temperature at least in eve

Rinse treatment of specimens

the temperature ard humidity cycle, the rinse treatment is conducted before re-de
q
r drops are thenTemoved carefully with clean air in order not to take off corrosion pr
urface of the/test specimens.

Types:of apparatus

folHowing are three types of apparatus that satisfy the requirements specified in 4.1 to

he atomized
est solution
in 100 um.

he atomizer.

race of oil or

levice shall be capable of detecting and ¢antrolling the temperature and humidity around specimens.

ling the dry

temperature linear to target value.ahd test period. The device shall be capable of controlling the

ry minute.

positing the

olution. Firstly, thetest specimens are washed with drinking water, and then with deionized water.

poducts from

4.5.

Two-cabinet type (automatic procedures)

Specimens move between salt deposition cabinet and exposure cabinet. The atomizer moves front to
back and side to side, making it possible to change the amount of salt deposition on each specimen. Then,
the specimens are moved to the exposure cabinet and wet/dry cycles and rinse treatment are conducted
automatically (see Annex A).

b)

One-cabinet type (automatic procedures)

Specimens are settled in one cabinet. The atomizer is set, and wet/dry cycles and rinse treatment are
conducted automatically (see Annex B).

c)

One-cabinet type (manual procedures)

© IS0 2013 - All rights reserved
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After salt deposition (4.3) by hand, the test specimens shall be settled in the cabinet for wet/dry cycles.
Then, the test specimens shall be taken out from the cabinet and rinse treatment conducted. After the
salt deposition, the test specimens shall be settled up in the cabinet as quickly as possible (see Annex C).

5 Testspecimens

5.1 The number and type of test specimens shall be selected according to the specification for the
material or product being tested. When not so specified, these details shall be mutually agreed between

the interested parties.

5.2 Thete
or other for
on the natu
solvents wh

5.3 For th
shall be thoi
cleaning dey
shall be rins

5.4 Unles{
be cleaned j
with ethano

Care shallb

5.5 Ifthe
that the coa
shall be ade
test, such as

6 Salt de
The test sol
amount of s

deposition f
in order to |

7 Arranj

st specimens shall be carefully cleaned prior to testing so as to remove those traces (diy
bign matter), which could influence the result. The cleaning method employed shall de
‘e of the materials and the contaminants, but shall not include the use of any.abrasiv]
ch can attack the surface of the specimens.

e metals or alloy without organic coatings and inorganic coating materials, the speci
oughly cleaned with an appropriate organic solvent using a clean seft.brush or an ultra
ice. The cleaning shall be carried out in a vessel full of solvent. After-cleaning, the speci
ed with fresh solvent, then dried.

otherwise specified, specimens intentionally coated withprotective organic films shou
rior to the test. If cleaning is necessary, specimens shall be wiped with gauze impreg
, taking care not to damage the surface of the specimens.

b taken that specimens are not contaminated after cleaning by careless handling.

fest specimens are cut from a larger coated\article, cutting shall be carried out in such §
ing is not damaged in the area adjacent/to the cut. Unless otherwise specified, the cut ¢
quately protected by coating them with-a suitable material, stable under the conditions ¢
paint, wax, or adhesive tape.

tposition measurement method

ition shall be appliedto make salt deposition on the surface of the specimen. The avg
hlt deposition shalllbe measured by the mass change of the specimen before and after
rocess to the nearest 1 mg. These measurements shall be carried out as quickly as pos
revent the spéciimen from drying.

sement of the test specimens

After the sa
specimens

fated

t, oil,
pend
eS or

mens
sonic
mens

not

way
dges
fthe

brage
salt-
sible

b test

deposition on the test specimens, the test specimens shall be placed in the cabinet. Th

D C O VO O O O a1

The specimen should be placed horizontally.

The specimens may be placed at different levels within the cabinet, as long as the droplet of the moisture

does not dri

p from specimens or their supports at one level onto specimens placed below them.

8 Operating conditions and procedure

Operating conditions shall be in accordance with those given in Table 2 for Method A, and Table 3 for
Method B. Operation procedure shall be in accordance with those given in Figure 1 for Method A, and

Figure 2 for
A test soluti

4

Method B.

on that has used salt deposition shall not be re-used.

© ISO 2013 - All rights reserved
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During the test, pressure in the cabinet shall maintain the atmospheric pressure.

Table 2 — Test conditions in Method A

Procedure Conditions
a) Saltdeposition
1) Temperature 1) Room temperature
2) Test solution 2) Described in Clause 3
3) Frequency 3) After every cycle
4) Salt deposition 4) The amount of deposited test solution

on a specimen shall be 250 g/m?2 + 50 g/
m<4. The concentration of the solution
should be equal to or greater than 1/1
000 of synthetic ocean water.

b) “Dry” condition Temperature Relative humidity
A (49+1)°C (32¥5] %
2)B (54x1)°C (25+5)%
3)C (55+£1)°C (24+5)%
4D (54+x1)°C (25+5)%
5)E (49+1)2C (32+5)%

c) “Wet” condition (30x9y°C (90+£5) %

d) Rinse treatment Clean dsinking water

Notexceeding 40 °C

e) Length and composition of a single |“Wet” 6 h 36 min

exposure cycle “Dry” 10 h 48 min

(A single exposure cycle is 24 h.) “Wet” 6h36min

f) Time to reach the specified,condi- |“Wet” to “Dry (A)” 2h 22 min

tion within a single exposure(cycle “Dry (A)” to “Dry (B)” 1h40 min

“Dry (B)” to “Dry (C)” 1h 22 min
“Dry (C)” to “Dry (D)” 1h 22 min
“Dry (D)” to “Dry (E)” 1h 40 min
“Dry (E)” to “Wet” 2h 22 min
NOTE1 Tempefature and humidity shall be changed linearly at specified time intervals

[see f) in this table]-Consecutive dry conditions A to E give the same absolute humidity, dew
point 30°C.

NOTE 2 CThe tolerances (+) given for temperature and relative humidity are the allowable
fluctudtions of the parameter concerned about the given value under equilibrium conditions.
This‘does not mean that the value can vary by plus/minus the amount indicated from the
givenvalue.

© IS0 2013 - All rights reserved 5
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Wet condition
30 °C, 90 %RH
6 h 36 min

Wet to Dry 2 h 22 min

Salt
deposition

Dry conditions
49 °C, 32 %RH

1 h 40 min
54°c25-%RH
1h 22 min
55°C, 24 %RH
1h 22 min
54 °C, 25 %RH
1 h 40 min
49 °C, 32 %RH

Dry to Wet 2 h 22 min

Wet condition
Rinse treatment 30.2€, 90 %RH

6 h 36 min

T 100+
80
60—
407
20—
0 L
Key
T  temperature, °C s  saltdeposition
R relative humidity, % RH r rinse treatment
t timeh

Figure 1 — Test procedure in Method A

6 © IS0 2013 - All rights reserved
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Table 3 — Test conditions in Method B

Procedure Conditions

a) Saltdeposition

1) Temperature 1) Room temperature

2) Test solution 2) Described in Clause 3

3) Frequency 3) After 8 and 11 cycles

4) Salt deposition 4) The amount of deposited test solu-

tion on a specimen shall be 28,0 g/m2 +
2,8 g/m2. The concentration of the solu-

tion should be equal to or greater than
1//1 000 of c}rnf]nnfir oceanyater

b) “Dry” condition Temperature Relative humidity
(60+1)°C (35+5)%
c) “Wet” condition (40+1)°C (95 +53%
d) Rinse treatment Clean drinking water
Not exceeding 40 °C
e) Length and composition of a single |“Dry” 3h
exposure cycle “Wet” 3h
(A single exposure cycle is 8 h) Time to reach thé.specified conditions

“Dry” to “Wet’{ 1h
“Wet” to “Bry’ 1h

f) Testprocedures 1. Salt deposition.

2. Dty/wet exposure cycle: 8 cycles.
After dry/wet cycle, the specimens shall
be removed from the cabinet imme-
diately after the temperature reaches
60 °C.

3. Rinse treatment.

4. Salt deposition.
Rinse treatment and salt deposition shall
be accomplished during dry conditions.

5. Dry/wet exposure cycle: 11 cycles.
After dry/wet cycle, the specimens shall
be removed from the cabinet imme-
diately after the temperature reaches
60 °C.

6. Rinse treatment.

NOTE1 Temperature and humidity shall be changed at the same absolute humidity, dew
point 39 °C.

NOTE 2 The tolerances (+) given for temperature and relative humidity are the allowable
fluctuations of the parameter concerned about the given value under equilibrium conditions.
This does not mean that the value can vary by plus/minus the amount indicated from the
given value.

© IS0 2013 - All rights reserved 7
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Salt deposition
8 cycles
Dry condition 1h Wet condition
(60 °C, 35 %RH, 3 h) Th (40 °C, 95 %RH, 3 h)
Rinse treatment
Salt deposition
11 cycles
" 1h —
Dry condition Wet condition
(60 °C, 35 %RH, 3 h) Th (40 °C, 95 %RH, 3 h)
Rinse treatment
s r S r

T 100 R 100,

801 80 FHHATTE

60 60 -n'-

401 40 M

20 - 20 | | | | |

Key

T  temperature, °C

R  relative humidity, %o RH
C cycles

wn

salt deposition
rinse treatment

—

Figure 2 — Test procedure in Method B

Rinse treatment shall be conducted immediately after the temperature reaches 60 °C.

8 © IS0 2013 - All rights reserved
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Treatment of specimens after test

At the end of the test period, the test specimens shall be removed from the cabinet and allowed to dry
for 0,5 h to 1 h before rinsing in order to reduce the risk of removing corrosion products. Before they are
examined, the residues of sprayed solution shall be carefully removed from their surfaces. This may be
accomplished by dipping the test specimens gently in clean running water at a temperature not exceeding
40 °C, and then drying them immediately in a stream of air at an overpressure not exceeding 200 kPa.

10

Continuity of tests

T t i) 11 £ P P | A3 | i ool 3 +1 1+l i PR | 3 YALL 1
eS J Sliaill lJl CICT (]Uly UCT CUIILITIUTU VWILITUUU ITILCT I ulJLlUll LIl Uusu LIIT LColL UuUIl adatlivll. VVIITIT IU

to inferrupt the operation, the period of interruption shall be minimized.

Where it is necessary to interrupt tests, the test specimens shall be treated as follows;

The

Fest specimens shall be taken out from the test cabinet and treated in _the-manner

Clauge 9, and thereafter stored in a desiccator until testing is resumed.

11
The

Duration of tests

beriod of test shall be as designated by the specification covering the material or py

testdd. When not specified, the period shall be agreed by the interested parties.

Recommended periods of test are:

d)
e)

12

or Method A: 3 cycles (72 h), 7 cycles (168 h), 21:¢ycles (504 h), 42 cycles (1008 h);
or Method B: 7 days, 14 days, 21 days, 28 days; 42 days, 56 days, 70 days.

Evaluation of results

Many different criteria for the evdludation of the test results may be applied to mee
requjrements, for example:

f)
g)
h)

)
j)
k)
D)

13
The
m)
n)
0)

ime elapsing before appearance of the first signs of corrosion;
dppearance after the test;

pumber and distribution of corrosion defects (i.e. pits, cracks, rusting, or creep from
he case of paints; these may be assessed by methods described in ISO 8993 or ISO 1(
paints in ISQ-4628 (all parts) and ISO 17872;

dppearance after removing superficial corrosion products (see ISO 8407);

¢hange in mass;

iS necessary

lescribed in

oduct being

t particular

scratches in
289 and for

alteration revealed by micrographic examination;

changes in mechanical or electrical properties.

Test report

test report shall provide the following information:
reference to this International Standard (i.e. ISO 16539);
description of the test equipment;

description of the material tested;

© IS0 2013 - All rights reserved
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p)
q)

10

dimensions and shape of the test specimens and the nature and area of the surface tested;

details of the preparation of the test specimens, including any cleaning treatment applied before
testing and any protection given to edges;

concentration of test solution, amount of salt deposition, and salt deposition procedure;

temperature and relative humidity in each of the salt-deposition process and “dry” and “wet”
conditions during test;

frequency and duration of any interruptions;

duratio

method
loss res

tests re

peeling

if neces

1 of the test;

used to clean the specimens after testing and, where appropriate, an indication.gf'the
1ting from the cleaning operation and the method used for correcting for this mdss lo
width for paint specimens;

sary, photographic records and/or descriptions of the appearance 6fitested specimens

Nass

sults, such as mass and thickness losses for uncoated specimens and blister widtl and
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Annex A
(informative)

ISO 16539:2013(E)

Combined cyclic test instrument with salt deposition unit (two
cabinets)

1 7 9 10 11
: Py
/
N s
( ] 12
3\ - ﬂ ( |
4\\ [ o bt 13
| — u_ — B
5 == = [ l
B oo fomne ® l
_— 14
6 -
Sl I 16 15
17 )
A [ﬂ/18
[
P —
L 1
Key
1 3Jtomizer 10 exposure cabinet
2 dry chambern 11 blower motor
3  dpecimenstorage 12  air heater
4  dpecimegn tray 13 cooling unit
5 gpé€eimen 14 refrigerator
6  roller for specimen movement / specimen drive unit 15 rinse nozzle
7  filter 16 blower (to remove water droplet)
8 nozzle drive unit 17 exhaust treatment unit
9  hosting door 18 exhaust blower

Figure A.1 — Combined cyclic test instrument with salt deposition unit (two-cabinet type)
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ISO 16539:2013(E)

Annex B
(informative)

Combined cyclic test instrument with salt deposition unit (one
cabinet)

Key
1  blower (
2 atomizey
3  specime
4 solution
5 solution
6  blowern
Figure H
12

1

2—]

5—

6 7

. 7
P

/g
’

9
fo remove water droplet)
1
supply tank
supply pump
otor

10
11

rinse nozzle
control panel
refrigerator
air heater

cooling unit

.1 — Combined cyclic test instrument with salt deposition unit (one-cabinet type)
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C1

ISO 1653
Annex C
(informative)

Salt deposition method by manual spraying

Apparatus

9:2013(E)

The
pres

The ¢
cons

C.2

levice for spraying the test solution should comprise a supply of clean air, a supply-q
sure, and a reservoir containing the solution to be sprayed.

tomizing pressure should be atan overpressure of 0,12 MPa to 0,3 MPa and preferably
fantly at 0,15 MPa.

Salt deposition method

The

The t
spec
is sh

The

and 4

in or

The Iried specimens should be settled up vertically in front of the salt spraying device.

istance from the spraying nozzle to the specimen should’be 300 mm.

est solution should be sprayed during the desired tirhe-to make salt deposition on the s
men. An example of the relationship between the @mount of salt deposition and the sy

pwn in Figure C.1.

verage amount of salt deposition should belheasured by the mass change of the sped
fter spraying to the nearest 1 mg. Theseimeasurements should be carried out as quickl
der to prevent the specimen from drying.

f controlled

e controlled

hrface of the
raying time

imen before
y as possible
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ISO 16539:2013(E)

A 018
0,16
4
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0/’
0,12

0,10 /
0,08 L 4

0,06 /%

/ b4
0,04

0,02 $ /

£
0,00
0 10 20 30 40 50 60 s
Key
A amount ¢f salt deposition, (g)
S spraying|time, (s)
NOTE The specimen used is a zinc-coated steel sheet covered chromate conversion coating, which has a

dimension off 70 mm x 70 mm x 0,8 mm. The concentration of the salt solution is 3,60 g/1 £ 0,36 g/1. Aton}izing
pressure is 0J15 MPa. The distance from the spraying iozzle to the specimen is about 300 mm.

Figure|C.1 — Relationship between the amount of salt deposition and the spraying time
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