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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

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

ISO 17752 wias prepared by Technical Committee ISO/TC 156, Corrosion of metals,and alloys.
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Introduction

Runoff testing is carried out in order to obtain data on the release rates of metals of different materials under
atmospheric exposure conditions. It involves exposure of specimens at a test site and, in addition, continuous
collection of runoff water samples and is therefore more demanding than standardized corrosion tests.

Standardized corrosion tests cannot be used for obtaining these data since, on a long-term perspective, the
runoff rate is always less than or equal to, and frequently much less than, the corrosion rate. The difference is
the metal incorporated in the corrosion products. In contrast to standardized corrosion tests, runoff testing can
be performed on real product surfaces or on any klnd of surface treated material, e.g. pure metals, alloys or
differe and surface
finish and characterrstlcs of the speC|men are documented

The fesult of this field test is the metal release rate to the collected rain water that has impinged the material
surfagce. Further possible transformations of the metal in its different chemical forms and,interactions with the
envirpbnment are beyond the scope of this International Standard.

Procg¢dures to establish runoff rates can be carried out either by determination(normative) based|on exposure
of specimens or by estimation (informative), taking into account the conditions\in a particular application.

© 1SO 2012 — All rights reserved \%
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INTERNATIONAL STANDARD ISO 17752:2012(E)

Corrosion of metals and alloys — Procedures to determine and
estimate runoff rates of metals from materials as a result of
atmospheric corrosion

1 Scope

This [nternational Standard specifies procedures to determine and estimate runoff rates of metals|from metals,
alloy$ and coatings under atmospheric conditions carried out in the open air.

2 ormative references

The following referenced documents are indispensable for the application of\this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

ISO #4221, Air quality — Determination of mass concentration of sulphur dioxide in ambient air — Thorin
specirophotometric method

ISO 4226, Air quality — General aspects — Units of measurement

ISO K543, Metallic and other non-organic coatings — (General rules for corrosion tests applicable for
storage conditions

ISO 8565, Metals and alloys — Atmospheric corrosioh testing — General requirements

ISO 9169, Air quality — Definition and determination of performance characteristics of gn automatic
meaguring system

ISO 9225, Corrosion of metals and alloys — Corrosivity of atmospheres — Measurement of efnvironmental
parameters affecting corrosivity of atmospheres

ISO 9226, Corrosion of metals and alloys — Corrosivity of atmospheres — Determination of corfosion rate of
standard specimens for the“evaluation of corrosivity

3 Requirements)for test specimens

3.1 |Types-of specimen

The ¢xposed surface area of the specimen should be of such a magnitude that it provides sufficient water
runofff volumes to enable reproducible results to be determined from the test, minimizing edge eﬁ{ects and any
loss of runoff water. Rectangular specimens in the form of flat sheets shall be sized at least 100 mm x 300 mm
(300 cm?). The surface area of the specimens can be larger, provided that they can be accurately evaluated
and all runoff water continuously collected. The specimen thickness shall be adequate to ensure that the
specimens will endure the intended test period. A useful thickness is between 1 mm and 3 mm. The surface of
the specimen tested should represent real products as closely as possible.

3.2 Specimen preparation and handling

Because atmospheric corrosion and metal runoff tests may extend over many years, it is important to ensure that
specimens are clearly identified and records of data (collected total runoff water volumes, pH, and measured
total metal concentrations) are carefully kept.

Surface damage shall be avoided. All specimens, in particular coated materials, shall be free from surface
damage. To minimize surface contamination and to ensure surface uniformity, the uncoated specimens should

© 1S0O 2012 — All rights reserved 1
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be cleaned prior to exposure, if possible, depending on the material. A convenient procedure is degreasing in
acetone and isopropylic alcohol. Abrasion is not recommended since such a surface is not representative for
real product conditions and can largely influence the extent of released metals. Fingerprints during specimen
handling can influence the results and shall be avoided by using cotton gloves and by handling the specimens
at the edges.

The reverse side of each specimen shall be covered by an adhesive tape and the cut-edges shall be sealed
with lacquer (metal-free) or wax in order to avoid metal release from these parts of the specimen. Sealing of
cut-edges is primarily essential for coated materials.

A specimen holder without a metal specimen made of an inert material with the same area should be exposed

rest.

in parallel to

3.3 Marki

Mark the spe¢cimens in such a way that no confusion during the exposure is possible. It is,fecemmend

mark both th

This can be
procedures 1
by marking s
otherwise inf
coated speci

3.4 Number of specimens

For each tyy

300 cm? (se¢ 3.1).

3.5 Storay

The time per
minimize any
results, in p
between spe

Since runoff
storage cond
morphology

ontinuausly collectimpinaina rainwater for backaroaund depnosition rates of the metals of int
J Lud ~J ~J ~J Ll

hg of specimens

ed to
b sample holder and the specimen.

accomplished by notching (which shall be on the back side of the specimen). Other mg
hay be used, provided that the requirements of legibility and durability.are met. The area aff
hall be minimized. Any method of identification used on the specimens shall not influenc
erfere with, the results of the test; this is particularly important where notching is used to id
mens. All notching on coated specimens shall be made prior to coating.

rking
bcted
e, or
entify

e of material, one specimen is sufficient as long.@s the surface area is equal to or exdeeds

je

iod between specimen preparation .and'start of exposure should be kept as short as possible to
corrosive effects induced on thé specimen during storage. Such effects can influence funoff
prticular for specimens releasing. very low concentrations of metals. The recommended| time
cimen preparation and start ofexposure is one week, in particular for bare metal and alloy surfaces.

tests can be conducted on’any kind of surface, it is essential to document the storage tim¢ and
itions prior to testing.If the specimens are to be analysed for corrosion products and surface
pfter exposure tepmination, the recommended maximum time between the end of exposure¢ and

surface evaldation is two we€ks1o ensure no changes in surface characteristics and to avoid further oxidation.

Naturally this

During stora
contact with
used for stor

period shallbe-kept as short as possible, in particular for short-term exposures.

je of the.test specimens before exposure, care shall be taken to avoid mechanical damag¢ and
bther specimens. A room with controlled temperature and relative humidity of 50 % or less shall be
hge purposes. Particularly sensitive specimens shall be stored in a desiccator or sealed in plastic
esiccant. (See ISO 4543)

bags with a

3.6 Specimen data records

For each seri

es of test specimens, record the data that are needed for the assessment of the runoff effects (see

Clause 8). These records shall include the following:

a)

in the case of bare metals or alloys:
chemical composition including main and minor alloying elements;
exposure geometry and surface area;

surface finish characteristics (e.g. surface roughness profile, etc.);
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— specimen history (e.g. storage conditions, pretreatments, surface ageing).

b) in the case of coatings or other product surfaces, in addition:

— specification of the basis metal (substrate), if available;

— specification of the coating application method(s);

— specification of the coating material(s), chemical composition;

— coating thickness.

NOTE 1 Tha composition-canyvansfram naint ta naint an tha cnaciman oo can tha marnhalaoy of coqti
T T+t P oot —Ya O -pOitit POt P Ot St eSO PHO1e G Y01 ot

the te

NOTH

4 Atmospheric-corrosion test sites

41

The
atmo

Test
The |
migh

Unleq
such
other
may

contr
or pa

4.2

The

specific characteristics, for,example, a rural, urban, marine or industrial environment. If possib

locat
humi
perfo
subst
caus

St.

2 Visual and photographic records of the specimen conditions prior to and during testing'éan be

Test site requirements

btmospheric-corrosion test site shall provide facilities for open-air-éxposure, i.e. direct ex
5pheric conditions and atmospheric contaminants (see ISO 8565).

sites shall be selected so that the testing area will normally.be exposed to the full effects of|
bresence of buildings, structures, trees and certain geographical features (rivers, lakes, hil
cause unintended shelter of exposure to wind, sources of pollution or sunlight.

s the effects from man-made or natural featurestare to be an intended part of the exposure
features in the vicinity of the test site, that cguld influence the results of the test, should
wise their presence shall be reported. Similarly, the presence of low-growing shrubs and
bffect the temperature and humidity distribution over a given test site. Therefore these shall
plled to a maximum height of 0,2 m aor. by placing test frames on well-drained ground or on grg
ved foundations.

Test site locations and security

pxposure site shall be~selected so that it represents uniform conditions of some atmosph
bd at or near a site‘where on-going meteorological and environmental measurements of
rmed, for instance by environmental or health organizations. Near-point sources of emissior

bd by the“public or by animals and from growing plants reaching the specimens.

4.3

g exposed to

made.

posure to all

the weather.
s or hollows)

programme,
be avoided;
other plants
be absent or
vel, concrete

eric site with
e, it shall be
temperature,

dity, rainfall characteristics (rainfall quantity, rain intensity), gaseous and/or particle contgminants are

of corrosive

ances shall‘be avoided. Ideally, the test site shall be fenced or in other ways protected from damage

Exposure frames

The function of the exposure frames is to maintain the test specimen securely in position without undergoing
significant deterioration or influencing the corrosion or runoff of the test specimens attached to them. Metal
sections or wood may be used, provided that they have adequate strength and durability. If necessary, additional
protection can be provided by paint coatings over suitably prepared and primed metal surfaces. Frames may
also be constructed from suitably protected and maintained wood. The choice of materials and design of the
supporting framework shall not influence or otherwise interfere with the results of the tests.

The test frames shall also be designed to enable specimens to be exposed at an angle of 45° from the horizontal.
The design of the frame shall be such that test specimens are not affected by water that runs off the test frame
or other specimens, or by splash water from the ground. The minimum height shall be chosen to prevent both
splashing by rainwater and burial in snow-drifts and should be not less than 0,5 m.
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5 Test site characterization

It is recommended to characterize the atmospheric conditions at the test sites. This characterization shall
be carried out by direct measurements of the corrosion rate of standard specimens according to ISO 9226,
together with measurement of the environmental parameters at the site or collection of the environmental data
from other sources.

Recommend

ed environmental data for the characterization of the atmosphere are as follows:

air temperature, °C;

relative humidity, %:

amount

SO» con

CI~ depg

Other factord

The charactg¢rization of the test site atmosphere shall be performed according to ISO 4226 and ISO

Concentratio
measuremer|

The characts
estimation of

In order to cdg
of corrosion 4
of each spec

6 Operating conditions

Each specim|
water, which
the containe
such as poly
as small as (

pH of pre¢cipitation based on the annual precipitation-weighted average of H* concentration gf précipit

Of precipitation, mm/a;

centration, pg/m3, or SO2 deposition rate, mg/(m2d);
sition rate, mg/(m2d), usually only for marine test sites;

can be collected or measured depending on the specific requirements’of the test.

n measurements shall be performed, preferably according’ to ISO 4221, and depo
ts according to ISO 9225.

brization according to 1ISO 9226, together with enviropnmental data, enables the determinati
the atmospheric corrosivity category.

mpare the results of the runoff measurements, it’is recommended to perform direct measurer
ttack on the front side of specimens identical teithose used in the runoff exposure, with the bac

en shall be mounted single-sided on a fixture equipped with an inclined gutter into which the
has impinged on the speCimen, is collected. From the gutter, the runoff solution is transpo
(see Figure 1). The fixture, the gutter as well as container, shall be made of some inert ma
methylmetacrylate ge-polyethylene. The width of the fixture extending the specimen shall bg
ossible to avoid dilytion of runoff from the specimen, usually <0,5 cm.

men covered by an adhesive tape and cut<edges sealed with wax or lacquer as described in 3.

ation;

D169.
sition

pon or

hents
side
2.

rqu noff

ed to
erial,
held
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The test specimens shall be placed in @}h a way that:

q
q

q

q
4

anel <(
ture of inert material QQ
ert material edge 0\\
op edge i\
licon tube \\S\Q
blyethylene vessel for runoff water collection @
N
Figure 1 — Recommended fixtu;@f inert material for runoff rate measurement
\b

o

ontact does not occur betw individual test specimens and any material that can affect th
r runoff under the test co ns:

orrosion products an@moff water containing released metals from the surface do not drip
pecimen onto anot@

e total runo@er impinging the specimen surface is collected;
e colle@\“/essel for runoff water is easy to change periodically;

er sy access to the surfaces of the test specimens;

eir corrosion

from one test

&bst specimens are protected from falling. accidental contamination or destruction:

all the test specimens are exposed to the same conditions, as far as possible, with uniform access of air
from all directions;

the surface of the test specimen, in general, faces south in the northern hemisphere and north in the
southern hemisphere, but the direction of other sources that can influence the corrosion attack, such as

t

t

he ocean, can be taken into consideration;

he inclination of the test specimens is preferably 45° to the horizontal.
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7 Test procedure

71

Duration of tests

The total period and the season of the exposure depend on the type of test specimen and the purpose of
the test. A total exposure time of at least one year and preferably five years is recommended for runoff rate
determinations. For coated specimens, the period of exposure shall not be less than five years.

7.2 Periodic collection of runoff samples

The runoff w,

fore

being compl
precipitation
directions. If
can be based
based on sin
amount of p

on rain characteristics, a volume of (2 to 5) L is recommended. If evaporation of collected runoff water

place, runoff
of the colled
(Mg/L) conce)
vessels to a
rinsing at lea

Runoff wate
exposure co
concentratio

After collecti
total runoff W
Before analy|
Acidification
and conserv
longer) befor

7.3 Evalu

Depending o
performed by
range of pg/Ll
or inductively

By adding th
by the colleg

terin the caollection vessel shall be collected caontinuously. The vessels shall bhe chanaed
J ~J

btely filled to ensure no loss of released metals and enable determinations of actual amou
impinging on the specimens, amounts influenced by prevailing exposure conditions~and
the collection vessel is overfilled, an estimate of the impinging rainfall volume shall be/made
on meteorological measurements of rainfall units during the specific sampling periods or estin
nilar previous sampling periods. The time period for changing collection vessgls depends 9
ecipitation, prevailing precipitation conditions and the volume of the vessels used. Depe

tion container with aluminium foil). Metal runoff measurements from specimens releasin
htrations of metals, typically coated specimens, shall be conducted using acid-cleaned collg
oid any metal contamination through soaking in pure 10 % _KNO3 for at least 24 h, follow
st four times with ultra-pure water, and then dried in ambientdaboratory air before use.

 shall be collected from an inert identical specimen~holder exposed in parallel at ide
nhditions and collection-time periods to determine _bagkground metal concentrations. Mea
ns should be subtracted from the runoff data gengrated from the specimens.

ater volume and pH (at ambient laboratoryjtemperature) and analysis of the total metal co
5is, the runoff solution shall be acidified.to’a pH less than 3 by using, for example, HNO3 o}
s performed to dissolve possible metalcomplexes formed on the walls of the collection con
b the runoff water. After acidificatian, the runoff solutions can be stored for up to one mon
e analysis (preferably in dark cgonditions).

ation of results

h the metal(s) to be.analysed, determination of metal concentrations exceeding 1 mg/L is nor
means of flame.atomic absorption spectroscopy (FAAS). Analysis of metal concentrations
and upwards;can be accomplished by means of graphite furnace atomic absorption spectros
coupled plasma/atomic emission spectroscopy.

ted<unoff water volume) after subtracting the background content measured for each sanj

hts of
wind
This
hated
n the
nding
takes

water collection should be performed more frequently to minimize thisieffect (e.g. by coverage

j low
ction
bd by

ntical
sured

pn, the collected runoff solutions shall be transported to the laboratory for determination ¢f the

htent.
HCI.
ainer
th (or

mally
n the

copy

e measured released metal content from each sampling period (metal concentration multjplied

pling

period, the tq

tal-amount of released metal can be calculated and expressed in g/(m2a). An alternative u

nit for

expressing runoff rate is um/a. The former iIs more appropriate when presenting actual metal runoff rate data,
the latter possibly when comparing data with corrosion rates.

The runoff rate is based on the total volume of precipitation impinging the surfaces, expressed either as
L/m?2 (based on the exposed area of the specimen inclined 45° from the horizontal, largely influenced by the
prevailing wind direction) or as mm precipitation (L of rain per m2 of horizontal area), impinging on the surface
during the total exposure period. The meteorological unit “mm precipitation” is mainly used for metal runoff
predictions and comparison between runoff data for different sites and surface inclinations and orientations.
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The runoff rate can be calculated using Equation (1):

MR =

m
A-t

where

Here| the total mass is the sum of each individual mass obtained from the different_sampling
subtrpction of the mass originating from background deposition. A total exposure time’ of at le
preferably five years is recommended for runoff rate determinations.

Even| though the runoff water in the collection vessel shall be changed regularly and before
completely full, it may happen on rare occasions due to seasonal effects, that'the vessel is ove
an unexpected amount of rainfall. In this case, it shall be assumed that the*'measured metal cor
the rainwater is representative of the entire sampling period. The totallamount of precipitation for
period should, in this case, be based on meteorological measurements-of rainfall units, if available
meteprological stations, measured during the specific sampling period, or estimated based on sin
sampling periods.

8 Testreport

The fest report shall contain at least the following_itformation:

a)

b)

c)
d)

e)

f)

g)
h)

MR is the metal runoff rate, g/(m2a);
m is the total mass of metal in the collected runoff, g;

A is the metal surface area, m?;

™

1 isthe exposure time, a.

data on conditions of specimen storage prior to exposure;

data on the test specimens, including*preparation, inclination and direction of specimens ¢
ny deviations from the recommended operating conditions;

e test site characterization (see Clause 5);
e dates of exposure and-collection time periods of runoff samples;

information on specific sampling periods with overfilled collected vessels, unexpected exposu
¢.9. storm events,)hail, etc;

information.@n total metal concentrations, pH and volumes of collected runoff water for e
period and”specimen, and for the inert sample holder exposed in parallel for backgrour

events after
ast one and

he vessel is
rfilled due to
centration of
the sampling
from nearby
hilar previous

xposure and

e conditions,

ch sampling
d deposition

easurements;

annual rainfall quantities in mm/a;

background deposition levels of the metal of interest, based on parallel runoff water measurements on a

specimen holder without any specimen in g/(mZa).
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Annex A
(informative)

Conditions affecting estimation of runoff rates of metals from bare
materials as a result of atmospheric corrosion in a particular application

A.1 General

The procedyre described in this International Standard for determination of runoff rates of metals)is Useful
for comparative purposes, for example, between different types of materials, different types)of corrgsion-
protective measures, or between different atmospheric environments. Such data can also bg sed to establish
long-term trgnds as a result of changes in pollutants at a given outdoor environment.

The data, hg
for estimatin
measured ru
known to infl
sheltering eff

cable
ck of
s are
ume,

wever, represent a normalized exposure situation and are not in every'case directly appli
) the runoff rate in a particular application or exposure situation. Furthermore, if there is a Ig
hoff data, it is sometimes necessary to make an estimate of the runoff rate. Many parametej
lence both the corrosion rate and the runoff rate, including, for ekample, the precipitation vo
ects, wind conditions, specimen age and orientation, and emission source.

Some relevant information or experience for such transformations or, estimations is briefly listed below. [More

detailed infofmation is given in References [1] to [17].

The runoff rgte is always less than or equal to the corrosion rate*on a long-term perspective and is frequ
significantly Jess than the corrosion rate for bare metal surfaces. Even so, corrosion data can, for sp
situations, b¢ used for assessing conservative upper estimates of the runoff. This can be especially usq
areas known|to have very low corrosion rates (see A.9Q).

ently
ecific
ful in

When calcul
usual way, it
of the speci

However, if t

hting a conservative upper estimate of the runoff rate based on corrosion data obtained i
is necessary to take into account'the difference in corrosion attack of the reverse and fron
en. If they are equal, the runoff.rate is always lower than the corrosion rate, as described b
e corrosion rate of the reverse side is negligible compared to that of the front side, a consen

n the

side
pfore.
jative

upper estima Dsion

rate is alway

te implies that the runoff rateé is always lower than twice the corrosion rate, since the corr
5 expressed taking into-account the total area, both front and reverse.

A.2 Effect of exposure time

Runoff rates
constant or 4
given rainfall

of metals-from outdoor construction materials that develop corrosion products, exhibit rel
lightly «decreasing values over longer (>years) periods of time. During specific rain episodes of
characteristics, however, the runoff rate can, depending on prevailing exposure conditions| prior
to the rain event;, be very high during the first period of the episode, the so-called first flush, after which th¢ rate
decreases ar f f fr f - i f f fsodes,
the accumulated amount of metal runoff from bare surfaces with corrosion products increases approximately
linearly with time for a given test site, from which follows a relatively constant runoff rate, irrespective of
exposure time. As long as prevailing environmental conditions do not change dramatically between different
years of exposure at a given exposure site, the released amount of metals per given rainfall unit is relatively
constant for bare metal surfaces.

A.3 Effect of evolution of corrosion products

Bare construction materials often develop corrosion products with time of a relatively porous character, a
process which depends on prevailing environmental conditions and time of exposure. The corrosion products
are able to retain humidity and environmental pollutants for longer time periods compared to a more compact
surface oxide. Measured runoff rates from such corrosion products exhibit, however, only slightly higher values.
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