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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.
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Introduction

Corrosion of metals is influenced by factors which can vary significantly with environmental conditions.
Therefore, corrosion resistance determined for metals during alternate immersion testing as described
in this document can vary greatly with the test solution selected, the temperature during immersion
and the temperature and humidity during the drying periods of the test.

Consequently, the result of an alternate immersion corrosion test is not taken as an indication of the
corrosion resistance of the metal tested in all the different service environments where the metal can
be used.

Neve
corr
envil
an af

rtheless, results obtained by the method described in this document can indicafe
sion resistance of different metals under in-service conditions, in particular ywhen

the relative
the service

onment is similar to the test solution selected. The method can also be used to/tést metals under

plied tensile stress.
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INTERNATIONAL STANDARD ISO 11130:2017(E)

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

1 Scope

This document specifies a method for assessing the corrosion resistance of metals by an alternate
immeTsiom testimsattsotution, withror withoutapptied Stress:

The [test is particularly suitable for quality control during the manufacture of (metals including
alumlinium alloys and ferrous materials, and also for assessment purposes during alloy development.

Depgnding upon the chemical composition of the test solution, the test can be-used to gimulate the
corrgsive effects of marine splash zones, de-icing fluids and acid salt environments.

The term “metal” as used in this document includes metallic materials’ with or withoyit corrosion
protection.

This|document is applicable to

— 1netals and their alloys,

— (¢ertain metallic coatings (anodic and cathodic with-respect to the substrate),
— ¢ertain conversion coatings,

— ¢ertain anodic oxide coating, and

— ¢rganic coatings on metals.

2 Normative references

The following documents are(referred to in the text in such a way that some or all of their content
constitutes requirements_of\this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendmepts) applies.

ISO §044, Corrosion-afmetals and alloys — Basic terms and definitions

3 Terms.and definitions

For the puxposes of this document, the terms and definitions given in ISO 8044 apply.

ISO 1o C adas + H 1 H 1l dotrala £ H i | pa 3 + 21 £o11 H dd .
T TLC TITAITITATIT T HITTITUTU g TL AT U ATAU A STS TUT USTTIT STATTUdT UTZatTOIN AU UTCT TUTTO W TITE d resses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

4 Principle

The test consists of the immersion of a test specimen, stressed in accordance with ISO 7539-1 or
unstressed, in a salt solution, followed by withdrawal and a period of drying.

The immersion and 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 corrosion test than simple
continuous immersion.

© IS0 2017 - All rights reserved 1
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5 Test solution

5.1 General

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade and
distilled or deionized water or water of equivalent purity.

The test solution shall be prepared in accordance with the prescribed specification. Otherwise, the
solution used should be the one most appropriate to the intended service conditions. Details of a neutral
salt solution that is suitable for simulating the corrosive effect of a marine environment are given in 5.2.

Details of thfree other test solutions suitable for simulating salt-based de-icing Iiquid, acid salt condifions

and ocean W

5.2 Prep;s

The neutral
a concentra
(equal to 20

The sodium
lead (Pb) in
0,1 % and a
with anti-cd

NOTE A

Prior to use

shall be donfe using electrodes suitable for measuring pH in weakly buffered sodium chloride solu

in deionized

sodium bicarbonate solution of analytical grade:

The volume
recommend

6 Appar

6.1 Gene
The apparat

A suita
alternatf

fater are given in Annex A.

hration

salt solution is prepared by dissolving a sufficient mass of sodium chloride in water tg
Fion of 35 g/l + 1 g/1. The water used shall have a conductivity notshigher than 2 n
uS/cm) at 25 °C £ 2 °C.

chloride shall contain a mass fraction of the heavy metals of Copper (Cu), nickel (Ni
total less than 0,005 %. It shall not contain a mass fraction of sodium iodide more
mass fraction of total impurities more than 0,5 %, calculated for dry salt. Sodium chl

useful sodium chloride salt grade is a grade named Pl Eur/USP or JIS, ACS.

check the pH of the salt solution using eleétrometric measurement. Measurements

water. Make any necessary correctionsby adding hydrochloric acid, sodium hydroxi

of the test solution shall be defined by the specification. If no specification is availablg
ed that the volume should be'not less than 3 1 per square decimetre of test specimen aj

atus

ral
us shall include the following components.

ble system designed for the automatic, continuous performance of complete cycl
e immersion and withdrawal of the test specimens. This system shall provide uninterry

operatignthroughout the duration of the test (see 8.1). Each test specimen shall be connected

give
nS/m

and
than
bride

king agents should not be used, because such agents:may act as corrosion inhibitofs or
acceleratorg.

f pH

kions

e or

, it is
ea.

bs of
pted

o the

system using suitable insulating material.

One or more specimen cabinet for the test solution. Only one kind of metal, alloy or coating shall be

immersed in each specimen cabinet. Replicate specimens can share the same specimen cabinet.

The system shall be designed such that the time taken for full immersion or withdrawal of each

specimen is

NOTE

not more than 2 min.

schematically in Annex B.

Suitable apparatus for conducting alternate immersion tests in salt solution are illustrated

© ISO 2017 - All rights reserved
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6.2 Materials of construction

6.2.1 Materials of construction that come into contact with the test solution shall be such that they are
not affected by the corrodent to the extent that they can cause contamination of the solution and change
its corrosivity.

6.2.2 Use of inert materials is recommended where feasible.

6.2.3 Metallic construction materials shall be selected from metals or alloys that are corrosion-
resistant to the test environment or shall be protected with a suitable corrosion-resistant coating that
also satisfies the conditions given in 6.2.1.

6.3 | Test specimen holders

6.3.1 Test specimen holders shall be designed to insulate electrically the test specimens from each
other and from any other bare metal. When this is not possible, as in the case of certain stressing bolts
or jigs, the bare metal in contact with the specimen shall be isolated from the corrodent by suitable
insulpting materials. If a protective coating is used, it shall be of a type.that will not leach |nhibiting or
accelerating ions or protective oils over the non-coated portions of the specimen. In particylar, coatings
contgining chromates shall be avoided.

6.3.2 The shape and form of test specimen supports and holders shall be such that

— they avoid, as much as possible, any interference of free contact of the test specimen yith the salt
solution,

— they do not obstruct air flow over the test spécimen, thereby retarding the drying rate| and

— they do not retain a pool of solution in‘contact with the test specimen after withdrawal from the
golution.

6.4 | Air circulation

6.4.1 Air circulation is recognized as an important factor because it affects both the rate gt which test
specimens dry and the ldss) of water by evaporation. Optimum conditions for air circulation have not
been|established.

6.4.2 It is impértant to provide uniform drying conditions for test specimens. A circufation of air
capaple of drying specimens within about 40 min is recommended.

Drying by:forced air blasts on the test specimens is not recommended because of the difficulty in
mairtaining uniform drying of large groups of test specimens. Moreover, stagnant air conflitions shall
be avaided

7 Test specimens

The test shall be performed with manufactured products or parts or with any other suitable test
specimens.

The shape and dimensions of test specimen should be agreed between the interested parties. If no
agreement is made, rectangular test specimen of 90 mm x 120 mm x 1 mm is recommended.

A minimum of three test specimens should be used.

If the size of the test specimens is incompatible with the specimen cabinet, the specimens shall be
sectioned. The cut edge should be protected by a suitable coating applied to a distance of 5 mm around

© IS0 2017 - All rights reserved 3
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the cut. Under these circumstances, for comparison purposes, six specimens shall be tested, three with
and three without protection.

All greases should be carefully removed from the specimens by means of an appropriate method, for
example ultrasonic or manual cleaning using a soft, clean brush in a vessel filled with suitable organic
solvent (e.g. hydrocarbon with a boiling point of 60 °C to 120 °C). After cleaning, the specimens shall be

rinsed using clean solvent then dried.

If a plated or coated test specimen has to be cut, the cut edges shall be protected.

8 Proce

ure

8.1 Test ¢

Generally, t
exposures s

The cycle sh

The solution
i.e. 40 °C, 5(
the testrep

The temper3

ronditions

he test conditions are prescribed in the agreed specifications. If this is notthe casg
hould involve a 10 min immersion followed by withdrawal and a 50 min drying period

all be repeated continuously throughout the duration of the test unl€ss prior failure oc

temperature should be 25 °C + 2 °C, unless otherwise specified. Other solution tempera
°C, 60 °C, may be used by agreement between the interested‘parties. It shall be stat
rt.

iture of drying condition should be 70 °C £ 2 °C and thetelative humidity should be not

than 50 %, Y
drying con

Only one ki
particular tq

Unless othe
corrosion of

nless otherwise specified. Other temperature and relative humidity may be used undd

dt:ion by agreement between the interested partiesidt shall be stated in the test report.

d of metal, alloy or coating shall be immersed in the same specimen cabinet dur
pSt.

the metal in the test solution and the'‘purpose of the test.

, the
curs.
ture,

ed in

more
r the

ng a

Fwise specified, the test duration shall\be established on the basis of the susceptibility to

NOTE Tdst duration in the range 20 days.to-90 days is usually adequate for aluminium alloys and fefrous
metals.
8.2 Immersion

The test spd
from the sol

The level of]
replenish ey

The solutior]

cimen shall be immersed in the test solution completely under the depth of at least 1(

[ution surface.

aporative losses as required.

shall'be changed every 168 h, the pH shall be reported at the beginning and the end.

mm

test solution-in the test cabinet shall be maintained by the addition of deionized watler to

9 C(leani

ng of test specimens

On completion of testing, test specimens are removed from the specimen cabinet and cleaned as
thoroughly as possible in order to prevent further corrosion. A suitable method is to rinse the test
specimens gently in clean running tap water, at a temperature not exceeding 40 °C, and then to dry
them immediately in a stream of air, at an overpressure not exceeding 200 kPa and at a distance of
approximately 300 mm.

© ISO 2017 - All rights reserved
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10 Assessment of results

Many criteria may be used to evaluate results according to the particular requirements of the test, such
as the following:

a) the appearance after the test;

b) the appearance following the removal of superficial corrosion products;

c) thenumber and distribution of corrosion effects, i.e. pits, cracks, blisters, etc.; these may be assessed
by methods such as those specified in ISO 10289 or the relevant part of the ISO 4628 series;

d) 1netallographic examination to detect cracks in stressed samples using low-power,mjcroscopy at
tthe standard magnification or, typically, x20;

e) the time elapsed before the appearance of the first sign of corrosion;

f)  the change in mass (in accordance with ISO 8407);

g) ¢hanges revealed by microscopic examination;

h) ¢hanges in mechanical properties;

i) the average and maximum depths of attack.

NOTH Itis good engineering practice to specify the assessment'criteria in the specification for p coating or a

prodiict to be tested.

11 Test report

11.1| The test report shall indicate the outcome of the test according to the evaluafion criteria
pres¢ribed for the test (see Clause 10). Theresults obtained for each test specimen shall be reported and,
when appropriate, the averages for a gréup of replicate test specimens. The report may, if frequired, be

accompanied by photographic records of the specimens.

11.2| The test report shall proyide information about the test procedure. This may vary according to the
purpse of the test and to thejtest specification but, in general, the details likely to be included are as

folloys:

a) areference to this-document, i.e. ISO 11130:2017;

b) the specification (or composition) of the material, and its heat treatment;

c) the characteristics of any coating, with an indication of the surface area;

d) (iletails of any applied stress and mode of stressing;

e) the specification of the test cycle, especially the information about the time period of immersion
and that of drying;

f) the composition of test solution and purity of water and reagents;

g) the temperature of the solution, the temperature and relative humidity of circulating air used for
drying during the test;

h) the pH of the solution at the beginning and the end every 168 h;

i) the shape and dimensions of the test specimen and the nature and area of the surface tested;

j) the preparation of the test specimen, including any cleaning treatment applied, and any protection

given to the edges or other special areas;

© IS0 2017 - All rights reserved 5
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k)
D)

the number of test specimens of each material or product subjected to the test;

the method used to clean test specimens after the test with, where appropriate, an indication of the
loss in mass resulting from the cleaning operation;

the angle of inclination of the tested surfaces;
the frequency and number of any test specimen location permutations;
the test duration and the results of any intermediate inspections;

the properties of any test specimens placed in the specimen cabinet to validate the operating
conditidns;

any devjiations from the procedure;
any unusual features observed;
the inspection intervals;

the datg of the test.

© ISO 2017 - All rights reserved
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Annex A
(informative)

Suggested test solutions

WARNING — Safety rules for personnel: handling of the reagents used for preparation of test

solutions shall be left to skilled personnel or conducted under their control. The equi

pment shall

be used and maintained by skilled personnel, not only so that the procedures can be
corrgctly, but also because of the hazards to health and safety that are involved,

A.1 | Test solution for simulating the corrosive effects of de-icing solution

Duripg the analysis, unless otherwise stated, use only reagents of recognized analytica
distilled or deionized water or water of equivalent purity.

A.1.1 Reagents for preparation of the solution

Sodifim sulfate, anhydrous (NazS04) 0,500 g + 22mg
Sodifim sulfite, anhydrous (NazS03) 0,250g+2 mg
Sodipm thiosulfate, anhydrous (NazS203) 0400 g+ 2 mg
Sodifim chloride (NaCl) 525g+1g
Calcium chloride dihydrate (CaCl-2H20) 525g+1g
Watgr

The pH of the water should not béless than 5,5. If it is lower, boil and cool to room temper4d
before using.

The gbove reagents shouldbe stored in a dessicator over calcium sulfate.

A.1.2 Preparation-of the solution
a) eigh out all'teagents to the designated accuracy.

b) Add 5251 of water to a clean 3 | beaker and slowly add the first four reagents in the
boyej/(i.e. sodium sulfate, sodium sulfite, sodium thiosulfate and sodium chloride). B
hall be dissolved and thoroughly mixed before the next reagent is added. Label this as

performed

|

| grade and

ture (25 °C)

order listed
ach reagent
solution A.

c) Add 525 ml of water to a second clean 3 | beaker and slowly add the calcium chloride. Dissolve and

thoroughly mix the solution until it is clear and colourless. Label this as solution B.

d) Slowly add solution B to solution A, stirring continuously. If this operation is conducted too rapidly,
a precipitation of calcium sulfite may occur. If a precipitate forms, gravity-filter through a cotton
ashless filter!) with a pore size 2,5 um (slow filter paper) flowrate 1 870 s/100 ml and discard.

e) Adjust the pH of the solution to 9,3 + 0,5 immediately after preparation using dilut
diluted HCI. Determine the pH of the solution by electrometric measurement at 25 °C +

1) No. 42 Whatman filter paper is an example of a suitable product available commercially. This information is given for th
users of this document and does not constitute an endorsement by ISO of this product.

© IS0 2017 - All rights reserved
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f) Shelf-life of the test solution:

1

store the solution in coloured (or brown) glass-stoppered bottles;

2) the solution can be used within 8 days following preparation, with proper adjustment of the pH
being made just prior to use in the test programme.

A.2 Test solution for simulating the corrosive effects of acidic salt solution

A.2.1 Preparation of the sodium chloride solution

Dissolve a s
higher than
specific gray

NOTE A

A2.2 pH

Adjustthe p
reagents to

First add to
sulfuric acigq
3,5+0,1by
(approximat

A.3 Test

A.3.1 Pre

Prepare thej
water with

Stock solut

Magnesium
Calcium chl
Strontium c

Dissolve thd
Store the so

ufficient mass of sodium chloride in distilled or deionized water with a conductivit
2 mS/m (equal to 20 uS/cm) at 25 °C + 2 °C to produce a concentration of 50 g/1 +5 g/I
ity range for a 50 g/1+ 5 g/l solution is 1,029 g/cm3 to 1,036 g/cm3 at 25 °C.

useful sodium chloride salt grade is a grade named Ph. Eur/USP or JIS, ACS.

hdjustment

H of the salt solution to a value of 3,5 + 0,1 (measured at 25 °C + 2¢Cy by adding the follo
10 | of the sodium chloride solution.

the sodium chloride solution 12 ml of nitric acid (HNOg/p = 1,42 g/ml) and 17,3

hdding the necessary quantity of a sodium hydroxidé{NaOH) solution of mass fraction
ely 317 gis required).

solution for simulating the corrosive effects of ocean water

paration of stock solutions

h conductivity not higher than 2.mS/m (equal to 20 pS/cm) at 25 °C £ 2 °C.

onA

chloride hexahydrate,-MgCl,-6H,0 3889¢g
bride, anhydrous,-€aCl; 405,6 g
hloride hexahydrate, SrCly-6H,0 14,8 g

given.amounts of the salts in distilled or deionized water and dilute to a total volume
ution'in well-stoppered glass containers.

y not
. The

wing

ml of

(H2S04, p = 1,84 g/ml). Adjust the pH of the solution,thereafter, to the specified value of

10 %

following three stock solutions using reagent-grade chemicals and distilled or deiofized

bf 7 1.

Stock solution B

Potassium chloride, KCI 486,2 g
Sodium hydrogen carbonate, NaHCO3 140,7 g
Potassium bromide, KBr 704 g
Boric acid, H3BO3 190¢g
Sodium fluoride, NaF 21g

Dissolve the given amounts of the salts in distilled or deionized water to a total volume of 7 . Store the
solution in well-stoppered amber containers.

© ISO 2017 - All rights reserved
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Stock solution C

Barium nitrate, Ba(NO3); 0994 ¢

Manganese nitrate hexahydrate, Mn(NO3)2:6H,0 0,546 ¢

Copper nitrate trihydrate, Cu(NO3)2-:3H20 0,396 g

Zinc nitrate hexahydrate, Zn(NO3)2-6H20 0,151 g

Lead nitrate, Pb(NO3)2 0,066 g

Silvef nitrate, AgNO3 0,0049¢

Diss¢lve the given amounts of the salts in distilled or deionized water to a total volufiie-of 1

solut

Whe
1L A

A.3.]

ion in well-stoppered amber containers.

h adding silver nitrate to the above solution, dissolve 0,049 g of silver nitrate in water {
dd 0,100 1 of this solution to stock solution C before diluting to the final volume.

2 Preparation of substitute ocean water

Dissolve 245,34 g of sodium chloride (NaCl) and 40,94 g of anhydrous sodium sulfate (Nz

to 9
solut

Only
Prep

A.3.]

Add
prep

of water. Add slowly, with vigorous stirring, 0,200 1 ofStock solution A and then 0,1
ion B. Dilute to 10 I. Adjust the pH to 8,2 with a 0,1 N sedium hydroxide (NaOH) solutid

a few millilitres of NaOH solution should be required.

are the solution and adjust the pH immediately:prior to use.

8 Preparation of substitute ocean water with heavy metals

10 ml of stock solution C slowly and;with vigorous stirring to 10 1 of the substitute
hred as described in A.3.2.

D 1. Store the

ind dilute to

12S04) in 81
DO 1 of stock
n.

bcean water
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Annex B
(informative)

Suitable apparatus for alternate immersion tests in salt solution

B.1 Example 1

Key

BwWw N e

10

1 2
4
3
S\
7 1
| 9 07
Y e /6
8
8
1 1 I 1
a) Dry condition b) Immersion condition
fan 5 testspecimen
stainlessfsteel duct 6  specimen cabinet
level conjtrol tube 7  saltsolution
air jet 8 lift mechanism
Figure B.1 — Typical apparatus for alternative immersion tests in salt solution
© ISO 2017 - All rights reserved
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