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Foreword

IS0 {the Inlematicnal Organization for Standardization) is a worldwide
iederation of national standards bodies (1SO member bodies). The work of
praparing International Standards is normally carred cut through 150
lechnical committees. Each member body interested in a subject for which
a tachnical committee has been established has the right to be represartad
on that committee. Intarnational organizations, governmental ard none-
govarnmerital, in Haison with 150, also take part in the work, 180
collabaratas clazely with the Internatinonal Electmtechnical Commission
{(IEC) on al! mattars of elactrotechnical standardization.

Draft International Standards adopted by the technical committees are
¢irculated to the member bedies for voting. Publication as an Iaternational
Standard raguires approval by at [east 75 % of the member bodies casting
avote,

Intarnational Standard 150 11306 was prepared by Technical Committee
1ISQTC 168, Corrasion of metals and alfoys.
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INTERNATIONAL STANDARD @ISO ISO 11306:1998({E)

Corrosion of metals and alloys — Guidelines for exposing
and evaluating metals and alloys in surface sea water

1 Scope

1.1 This Intematicnal Standard gives guidance on the conditions and procedures to be followed when conducting
axpasures of motals and alloys to surface sea water such that meaningful compartisons may be made for different
locations. This International Standard applies to exposure areas from above water level which are wet for a
sighificant period {splash and tidal zonas) down to 4 dopth at which tha composition of tne sea water iz similar to
that at the sur'ace.

1.2 This practice gives guidance on proceduras far the evaluation of the effects of sea water on metals and alloys.

1.3 Bacausa of the variahility and complexity of sea water, axposures ovar 2 minimum period of one year are
considered necessary to minimize the influence of these variable factors,

2 Normative references

The following standards contain provisions which, througn reference in this text, constitute provisions of this
Interrational Standard, At the fime of pubiication, the editions indicated were valid, All standards are subject o
tevisian, and parties to agresments based on this Inlernational Standard are encocraged to investigate the
possibility of 2pplying the mast recent editions of the standards indicatad below. Members of IEC and 1SO maimain
registers of currently valid Intgrnational Standards.

50 64071981, Corrosion of metals and affoys — Removal of corrosion products from corrosion test specimens.

150 11463:1885, Corosion of metals and afloys — Evaluation of pitting corrogion.

3 Control specimens

N is prudent, because of the inherent vanability in processing conditiens, that control specimens be used In
comosion tests. Twe kinds of control spacimeans are nesded as follows.

A gpeciman for which performanca is wall established in the given snvironment and which actually does corrode ffor
example, mild steel). lts carrozsion rate will help o determine the length of the test pariod,

A specimen that is known to ke normally resistant in the given envirenment (lor sxampls, copper). The purpose of
this specimen is to make sare that no wnusual conditions, such as chemical pollution, wers ancounterad during the
tast peried. In the case of evaluations of aluminium alloys, care should be exercised in the lccation of these copper
specimens (see §.2). -
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4 Test sites

4.1 Test sites shall be chosen at lucations representative of natural seawater environments where the metals or
allays to ke tested may be used. Ideally, a natural seawater test site snall be in a protected Inealion where all
necessary conditions required for such tests (splash, tidal and full immersion} may ke encouniered. Unless the
intent is to determine the corrosion due o pollution, the site shall have clean, uncontaminated sea water, Reference
ghall be made to tropical versus other conditions, and seasonal variations in temperature and in daposition of
mating growth on the test panels with a detinad “fouling geason”, Climatic and atmospharic charactarigtios may aleo
be impartant in selecting a site where tidal or splash and spray exposures may ba condusted.

4.2 Observations of critical water paramestars shall be made and reported; depending on the experiment, these
typically include water temperat.re, safinity, conductivity, pH, oxygen content, other compositinnai parameters (8.9
ammeonia, hydrogen, sulfides, carbon dioxide, heavy metals) and tdal flow (velocity). The perodicity of
meazurement of water paramaters will he a fungtion of the length of exposure and the expected Lirme varalion i
these parametars. A mean value of the seawater conditions on a monthly basis is normai.

& Exposure racks

5.1 Test racks shall be constructed of a material that wili remain intact far the entire propesed period of exposure.
Manel nickel-copper alloy 400 (LINS No. NO4400) has besen found to be an excellent material for racks, but is not
recommended for haiding aluminium specimens. Coated aluminium racks {6061-TS or 5086-H32) atso have given
salisfactory service when used with strip ingulatars (such as polvethylene} and nylon belts and nuts to mourt the
specimens. Nonmetaliic racks may be used, provided that they have no effact on the corrosion of the spacimens.
Reinforced plastic racks may be used. Treated wnnd is not appropriate for test racks as the preservative may feach
out and affact cormesion of the test materials.

5.2 Specimens shall be mountad |7 the racks so that they are suppartad by porcelain or olastic insulators and do
not make electrical contact with each otner or with the supporting racks. Rack charts shall he maintained showing
the positions ol all specimens and exposure data.

5.3 Spacing of the mounted specimens can be importari, therefars it is desirable 1o have sufficient space between
surfaces of test specimens to enaure that adeguate water flows betwesn them and that with fong exposures the
accuimulated fouling wil! not block off the surface te the presence of the seawater envircnment.

4 Hacks may be suspended by such materials a3 nylon, polyester or polypropylene rope depending on
prevaiiing conditions. Stael wire rope shall not be used.

5.5 Exposura racks shall be suspended so that attached specimens will be ofiented vartically and subjected to the
full effects of the sea water but free of galvanic contact with other epacimens and with minimad sedimen:ation of silt
and debris on the spacimen.

6 Specimens

6.1 When the material to be tested is in shest form, a nominal specimen size of 100 mm by 300 mm is
recommended. Specimans may be larger ar smaller to suit a particular test.

6.2 If testing of materials in odd shapes {bofts, nuts, pipas, ote.) ic dasired, it ic eesential that a means of
suppotting them in the test racks be devised. It is important that the specimens be electically insulated fram their
respective suppors and from each other to prevent formation of galvanic corrosion cells unless this is part of the
studly. In some ingtances it is not sufficient to isolate specimens eiactrically to prevent corrosion of one material, For
axample, it is essontial o exercise great care with aluminium specimens or racks so that they will nol he
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cantaminated by copper, which will cause accelerated corrosion of the aluminicm. A galvanic coupla is not
necessary o accelarate the cormsion of aluminium by copper. Copper or alloys containing coppar physically
located in the vicinity of aluminium may corrode sufficiently so that accelerated corrosion of the aluminium may be
causad by capper depasition an the aluminium {see clause 3).

6.3 The total number of test specimens required shall be determimad from a knowledge of the duration of the test
and the planned remavals of the specimans for intermediate evaluations. There is seldom reason to remove and
evaluate specimens exposed less than 6 manths. For reliable results, a sullicient number of replicate specimens
should be used for removal at sach exposure periad. Thplicate spec mens for each exposure peried will usually
salisfy this requirement. A suitable removal schedule might be 0,5y, 1y, 2y, 5y, 10y and 20y, In case of
uncertainty as to an alloy's corrasion resistance, sharer intervals might be appropriate and corrosian rate daia may
be used to astablish more appropriate exposure periods, In addition, yearly ingpections shall be made to ensure that
the specimens ars intact.

6.4 Unexposed replicate spacimnans shall be consitdered for uss where comparisons of expased and unexposar
material will ba made such az for comrasian effects on mechanical properties or appearancs,

7 Preparation of specimens

7.1 Specimens shall be markad in a mannar that wilt ensura idertification for the life of the test, One geod method
. i to use a series of notehes or drilled holes arranged according to some desired code. Another method is to attach
a carresion-res stant metal \ag by means of an insulating cord and a suitably located hols, An example of materials
that can be used for such tags are alloy 625 [UNS No. NO6625), alloy C 276 (UNS MNo. 102786) or alloy 400 (UNS

No. NO400) (except for aluminmum aloys) o titanium. Numbers stamped cn relatively corrosion-resistant materials
may be suitable for some tests,

7.2 Oil, grease and dirt shall be removed by degreasing with a solvent cleaner and scrubbing to remove inscluble
soils (ses 1SO 84073, Any mill scale shall be remowved from all test specimens unless it is specifically desired to
perform the test with the mill scale intact. Pickling with inhibited acid or sandblasting are acceptable descaling
mathods. If acid pickling is used, care shali be taken to stop the pickling action as soon as the milk scale hag hean
removed, |t is racommandad thal the finish be as elose as possible to the condition in which the material will be
used. To facilitate examination of exoosed specimans, it is Impartant that a uniferm finish be applied tu the surface,
i.e. thers should be no pits or other depressions which might look like corresion attack. To tacilitate meaningful
examination of exposed spacimans it is importart that any irregularities or. the specimen surfaces be noted initially
so thal these areas will not be confused with pits or other corrosion at tha completion of the experimernts. When a
specific surface finish, such as picklad, scaled, as walded, sandblasted or ground is to be evaluated, the finish on
the test specimens should be in accardance with t@st requirements. Thus, wo types of test are involved here:

1) an alloy evaluation test with the surface finish as close as passible to the condition in which the material wilt be
used;

21  asurface finish test,

7.3 Specimens shall be weighed to the precision desired by the investigator, usually 1 mg. Records shall be
kept of the mass, physical dimensions and appearance of each specimen, including surfaces and edges. at the
beginning of the test. Changes in the physical appearance and any corrosion losses of the specimen due 1o
exposuna can than ha datamined.

7.4 Special specimen configurations for evaluating localized cotrosion, such as intergranular attack, stress
camosion cracking, pitting and crevice corrosion, may bé regulirad.
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8 Evaluation of test specimens

8.1 Remove specimens from exposure at the scheduled times or other approprate times.

8.2 Without scratching the specimens, scraps off marine growth and bameacles.
821 Plastic or wooden scrapers shall be used to remove bamacles.

82.2 Clean the panels in accordance with ISO 3407 and then reweigh to an appropriate degree of precision. For
cerlain tests, i may be of interast to preserve corrosion products for lazoratery evaluation. Fhotegraphs before and
after claaning are usually valuable documentation.

8.3 Dstermine the mass loss ol sach specimen from the pre- and post-exposure weighings and convert the
results to a corrosion rate {see 150 D407) or piat a5 mass loss per unit ares versus exposure time. Where the
comresian is highly localized [as in pitting or crevice attack) and the 1oss in mass is low, mass loss results may be
misleading. In thesa cases, the tensile preperties of the exposed specimens can be determined and compared with
the tensile properties of unaxposed replicate specimens.

8.4 Measure the depth o attack and describe in detail with attention to changes at the edges as wall as the
surface of the specimen. Take care during the evaluation of specimens 2 recogrize any othar specific forms of
attack, such as atress ¢orrosion cracking and dealloying. These other forms of allack may be evaluated separately
using other 130 standards such as 150 114863,

B.5 A comparison of the corrosion data from the test specimens with corrpsion data from the contral specimens
will determine :he relative merit of the material in question.

9 Test report

The test report shall include detailed descriptions of the exposed spacimcns, pertinent data on expasure concitions
and any deposits formed and resuits of the corrosion sualuation,

Data for the exposed specimens shall include physical dimensions, chemical composition, metatiurgical history,
surface preparation and after-exposura cleaning methods.

Details of exposure conditions shail include location, dates and periods of exposurs, and a description of the
seawater conditions prevailing during the axposure period. A more defaliad compilation might be justified far cartain
tests. For example, in the case of pitting, assessment of lhe results shall follow the reparting autlined in 150 11463,

The results of tha tests should be expressed as cormosion rate, such as penetration per unit time {for example, mmiy
OF LMVY) or loss in thickness over the exposure period, or plotted as mass loss per unit area versus expasure time.
The comasion rates will be the average of both surfaces and edges of a panel.

Any changes ‘n the physical appearance of the specimens during the exposure period shall be noted. If the
corrasive attack is nonuniferm (that is, if piting or crevies attack is predominant) the corrgsion rate data can be
misleading.

If the tansilke properties of the specirens are measured after exposure, any tansile strength loss should be raported
as a percentage loas compared to both the or.ginal and control tensile properties of unexposed material,

Any time that the spacimens are disturbed during the exposure period, such as by contact with floating debris, the
date and nature of the occurrance shall be reported.
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