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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 mterested ina subject for which a technlcal committee has been established has
the right to_be ) . . ental, in
ith 1SO, also take part in the work. ISO coIIaborates closely W|th the Internat|onal 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 3.

The main {ask of technical committees is to prepare International Standards. Draft International Standards pdopted
by the teghnical committees are circulated to the member bodies for voting. Publication as an Intefnational
Standard requires approval by at least 75 % of the member bodies casting a vote.

In exceptignal circumstances, when a technical committee has collected data of @different kind from that which is
normally published as an International Standard ("state of the art", for example), it may decide by a simple [majority
vote of its participating members to publish a Technical Report. A Technical Report is entirely informative ip nature
and does Mot have to be reviewed until the data it provides are consideredtoe be no longer valid or useful.

Attention i$ drawn to the possibility that some of the elements of this:Technical Report may be the subject of patent
rights. ISQ shall not be held responsible for identifying any or all such patent rights.

ISO/TR 15235 was prepared by Technical Committee ISO/TC 35, Paints and varnishes, Subcommitteg SC 12,
Preparatioh of steel substrates before application of paintssand related products.
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Introduction

The performance of paints and related products applied to steel can be significantly affected by the presence of
water-soluble salt contaminants on a steel surface.

Sources

of salt contamination are numerous. In the painting industry, the blasting abrasive itself

the paint

ingredie
sources
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Unless
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necessd
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Internat

nts (particularly pigments), and the rinse water that may be used in wet cleaning methods

of salt contamination. In addition, salts settle from the atmosphere during fogs, dews, inversions
y may also be deposited from chemical splashes or air pollutants. De-icing salts, which ar
s and bridges in cold climates, may remain on the steel surfaces. Furthermore, some_steel surfa
come into direct contact with salts, e.g. ships carrying salt water ballast in steel tanks’or vessel
hg cargoes.

salts are removed from a steel surface prior to painting, problems may“occur that lead to
ance. Salts on the steel surface can absorb moisture from the air, cause\ osmotic blistering o
and accelerate the rate of corrosion.
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| of salts is often difficult, and the salts accelerate pitting corrosien.“The salt contaminant can re

ain in the

bf pits, often beneath the corrosion product. In order to adequately remove salts from the surfacg, it is often

ry not only to remove the corrosion product, but also to flush th& salt from within the corrosion pi

2

D

and design of the paint system, the thickness.'0f the paint, and the nature and amo
hants.

onal Standards ISO 8501 and ISO 8502 have been prepared to provide methods of assessing

by chenpical analysis the presence and surface congentration of contaminants, and ISO 8504 provides g

method
levels o

This do
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5 for cleaning steel surfaces. These International Standards, however, do not contain guidarn
salt contamination that can be tolerated by paint systems.

cument provides information on the levels of water-soluble chloride and sulfate salt contaminati
b the risk of coating failure,The information in this document is based on an evaluation of pub
hnical literature, as well as uapublished data from coating-system manufacturers and users.

formance of a paint system applied over a salt-contaminated surface depends on the service environment,

nt of salt
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TECHNICAL REPORT

ISO/TR 15235:2001(E)

Preparation of steel substrates before application of paints and
related products — Collected information on the effect of levels of
water-soluble salt contamination

1 Scppe

This Teghnical Report provides information on the effect of water-soluble chloride and sulfate_contaming
surfaces, before the application of paint or related products to surfaces prepared in accordlance with
standardl mechanical or blast-cleaning surface preparation methods.

on stee|

NOTE

This infgrmation may be used when evaluating the adequacy of surface preparation prior to painting.

This dogument is concerned only with measured levels of salt contamination based upon either laborat|

testing.

surface [densities of the species as determined after extraction in aecordance with ISO 8502-6 (the Bresl

or othe
testing,

chloride|or sulfate is present, or its concentration.

This do¢ument does not define specific levels of cleanlinéss or methods of salt removal.

2 Conclusions

From the information in this Technical Report, it is apparent that there is a great variation in the depth of

related

performpnce of paints and related products in various environments.

Most knpwledge relates to coatings subjected to immersed conditions, which are judged to be the most §

therefo

to concgntrate on this @rea and therefore provides the best guidance values for the levels of water-sg
with respect to coatings-used for protection in immersed conditions.

In othe
immerse¢d conditions, information on water-soluble salt levels and their effect on these coatings is s
acknowIedged that, in these areas, further experimental work is required to produce data, but this is like

signific

The tolerance for water-soluble salt contamination may be different for differentpaint types.

The levels of soluble chloride and sulfate discussed in thisodecument are to be compared us

rfmethods giving equivalent results. Total soluble-salt contamination may be determined by cond
but such testing will not determine the nature and congcentration of the specific salts present, e,

o contamination levels of water-soluble salts (chlorides and sulfates) and their subsequent eff

re, in practice, thegmost costly should failure occur. The data obtained from paint manufacturers

tion levels
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, less «demanding, environments, often protected by less sophisticated coatings than thos¢ used for

carce. It is
y to take a

PR apriad ~f

N i
A PCTOT—OTtCT

It is in this context that ISO/TC35/SC12 has concluded that the information available does not provide the
necessary confidence to provide guidance values that can be issued as an ISO standard.

The publication of ISO standards for methods of determining the water-soluble salt levels on steel surfaces,
together with the recommended test procedure given in annexes E and F should provide further data that can be
assessed for incorporation into a future ISO standard.
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3 Terms and definitions

For the purposes of this Technical Report, the following terms and definitions apply.

3.1

contaminants
water-soluble salts present on the steel surface immediately prior to painting

NOTE

3.2

Only water-soluble chloride and sulfate ions are considered in this document.

service er
conditions

NOTE
ISO 12944-

a)

41

IM-1: fi

IM-2: 3
C4 hi
C5-l v¢

C5-M ¥

Sequ

Review of published papers on the effec¢ts of salt contamination

411 So

A comprehensive review of the technicalMiterature was conducted using journals and electronic databa

examined

NOTE
ISO/TC35,

41.2 Cri

From such

a) The pa

C3 medium: industrial atmospheric exposure;
h

teria for evaluation

vironment
to which the coating system is exposed in service

This report covers six types of service environment, defined by the atmospheric-corrosivity).categories
D

Fesh- water immersion;

ea or brackish-water immersion;

: industrial atmospheric exposure;
bry high (industrial): high-humidity/aggressive industrial atmosphetic €xposure;

yery high (marine): high-salinity marine exposure.

ential collection of data

Lirces

bublished literature. A total 0f)168 relevant articles were reviewed.

A list of these articles_is_available from the Netherlands Standards Institute (NEN), which holds the Secr
Paints and varnishes:

a large database, the following criteria were established to provide a basis for evaluation:

per/report contained information about original work and was not simply a report of others’ efforts;

given in

ses that

etariat of

Py

b) The paper/report correlated coating performance with salt contamination levels on steel surfaces.

A list of the papers and reports which met these criteria and provided useful information is given in the bibliography,
and a summary of the findings is given in annex A.

NOTE

The above references given in the bibliography were obtained as a result of an extensive computer literature search
done in 1995. The computer results were examined to determine whether the literature reported original testing, or was a
compilation of work done by others. Only that literature reporting original test results is given.

It is likely there is original published work since 1995 that will be suitable for future inclusion in the tables.
Researchers are encouraged to conduct testing as described in annexes E and F, and to submit results to the
Secretariat of ISO/TC 35/SC 12.

© 1SO 2001 — All rights reserved
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4.1.3 Parameters relating to the rate of paint system failure
Some parameters relating to the rate of failure of the paint system were:

a) The type of exposure/service environment.

O

The type of contaminant (chloride, sulfate, etc.).

o O

The application method (brush, roller, spray, etc.), particularly for the primer coat.

)
)
) The type of paint system (and formulation within generic types), thickness and number of coats.
)
e)

The—eentamination—evel—Hhe—exiraction—of—soluble—eontaminants—from—a—steel—surface—depenrds upon the
extraction conditions, e.g. extraction liquid, temperature and extraction time. Comparable resuljs may be
obtpined by extraction in accordance with 1SO 8502-6 (the Bresle method), or methods giving |equivalent
resllts. Analysis of chloride and sulfate may be made by methods described in ISO 8502-9, and 1SO[8502-10.

f)  The type of failure (blisters, rust, etc.).

4.1.4 Use of contamination levels

The datp are presented in tabular form using the reference sources given in anmex‘A. The information i generally
presented as a safe/failure figure for chloride or sulfate. Also included when given are the following:

a) Coating system

1) | Single systems, defined as consisting of one or more coats.of paint based on the same binder (or general
chemical composition), e.g. epoxy primer, epoxy topcoat.

2) | Mixed systems, defined as consisting of coats.~of’ paint in which the binder (or general chemical
composition) differs with each successive coat, e.grinorganic-zinc-rich primer, epoxy topcoat.

b) Dryffilm thickness range

The total dry film thickness of the coating system (as defined in ISO 12944-2), as tested or evaluated.
c) Number of coats

Tha number of coats of the system:.
d) Risk of failure

1) | Low risk of failure

If chlorides-Or sulfates contaminate a surface in quantities equal to or less than the amounts eXpressed in
this column, then the risk of coating failure is considered low.

2) | High\risk of failure

ffchiorides or sulfates contaminate a surface i quantities equat to or greater thamn the amounts expressed
in this column, then the risk of coating failure is considered high.

3) Intermediate risk of failure

For contamination levels between the “low” and “high” ranges, failure may or may not occur, depending
upon the service environment, the coating formulation and other variables.

© 1SO 2001 — All rights reserved 3
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4.2 Review of data from industry surveys on the effects of salt contamination

Industrial sources, including paint manufacturers, were approached to obtain further data on the levels of water-
soluble salt contamination that they would permit prior to coating. The test methods employed and the systems

tested wer

e also requested. One supplier replied and the details are given in annex B.

Due to the poor initial response from industry, a further direct request from ISO/TC 35/SC 12 was made directly to
paint manufacturers, with better results.

A good response was received from paint manufacturers in this exercise, including the latest information and the

test meth
related the

Data was
bridges an

NOTE 1
that laborat

NOTE 2
the surface

by surface foughness is often not taken into account. Different blast-cleaning profile grades'are defined in ISO 8503-1.

blast-cleang
cause an in
cleaned wit

NOTE 3
basis and th

NOTE 4
water is ing
reflects the
of specific s
in microsiery
all the solu
most corrog

The formu

The NaCl
sampling U

ENaC

where

levels of contamination to the service environment. This information is provided in annex C.

eceived from Japan regarding the permitted levels of chloride (as NaCl) relating to steel-structur
d industrial plants. This information is given in annex D.

Much of the data provided in the tables is based upon artificially contaminated surfaces./it should be born
pry tests using artificially contaminated surfaces may show limited correlation with in-setvice environments.

The surface density of the soluble surface contaminants measured are expressed as mass per unit area. G
density is referred to the apparent area, i.e. micrograms/square centimetre. However, the increase in are
d with grit abrasives, the surface roughness of the profile grades “fine”,\“medium” and “coarse” is cons
crease in the surface area of about 35 %, 70 % and 110 % respectivelyover a smooth, flat surface. For st|
h shot abrasives, the corresponding surface area increases are smaller:

In the literature survey (see annex A), the measurement of salt)contamination was made on a mass per
ese measurements did not consider the increase in surfacesarea caused by surface profile or roughness.

Total soluble-salt contamination may be determined by conductometric testing, whereby the electrical cond
reased by the dissolution of soluble salts from a-sarface. The extent of the increase in conductivity qua
amount of soluble salt on the surface. However, eanductometric testing does not determine the nature ang
alts, e.g. chlorides, sulfates, etc., or their concéntrations. Sometimes conductometric test results, usually e
hens, or uS/unit area, are expressed as equivalent chloride, or equivalent sodium chloride (NaCl). This assu
ble salts resulting in the conductivity increase are CI~ or NaCl, respectively. As the chloride ion is consig
ive ion species in most cases, this is considered by many as an appropriately conservative expression.

ae for expressing conductivity as equivalent chloride and equivalent NaCl are given below.

equivalent, in pg-cm—2, s calculated by converting conductivity readings obtained from Bres
sing the equation:

:S.ﬂ/

the conductivity reading, in microsiemens per centimetre (uS-cm=1);

<l Tl Hat £ % el P~ N H rakb-lbat +lo AH + 4 £ 'H t b t
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B in mind

enerally,
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For steel,
dered to
el blast-
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Lctivity of
htitatively
quantity
Xpressed
mes that
ered the

e patch

(1

y———
2028 4

where

o naotantamvhbicokh A nd A laplaotad feama 1 arabion
a vutiowarnit vwiinoinrTuu u CU, LAiburatcu 1mutit uic Ttyuatuvni

4 %103

vV is the volume, in ml;

A

is the area sampled, in cm?;
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2028 is the conductivity measured for 1 g of sodium chloride in 1 litre of distilled water (this constant is

valid for dilute solutions of sodium chloride).

For a Bresle patch of area 12,5 cm?2 and 3 ml of water:

3

= _x10%=0,118
2028 x12,5

which gives the equation:

ENaCI =S X0,118
The eqdivalent chloride, in ug-cm=2, is calculated by converting the conductivity readings using the)equat

E d- = SXAXa
where

o | is the molecular mass of the chloride ion (CI~) divided by the molecular-mass of sodium chlor

i.e.|0,605.
Hence

E d- = S x 0,071
5 Protocol for assessing surface contamination
It is important when evaluating the amount of salt contamination on a surface to assess its quantity in a
manner|to enable comparisons to be made with _other evaluators, and to obtain meaningful results
provides an outline of the information that is necessary in order to develop a consistent contaminatio
protocol.
6 Recommended test protocol to investigate the influence of salt contamination
coating service life
When cpnducting laboratory-0r field testing to evaluate the effects of soluble-salt contamination on coat
performpnce, the use of-@ standardized test protocol will ensure comparability of results and enabl
determipe the suitability..of the testing for their own use. Annex F provides information on a recomm
procedyre to be used.for determining the influence of salt contamination beneath a coating system.
7 Other,standards of interest

on:

3)

de (NaCl),

consistent
. Annex E
n-sampling

on

ng system
e users to
ended test

When conducting surface preparation prior to painting, or assessing the type and quantity of contaminants on a
surface to be painted, there are standards that may be useful. The bibliography lists ISO standards that may be of

interest

when preparing a steel surface prior to the application of paints or related products.
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Annex A
(informative)

Summary of data from bibliographic references

Table A.1 gives the data as sourced with the reference numbers corresponding to the references given in the

bibliography.

The reade

[ is referred to the original articles for detailed information.
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These tes

Annex B
(informative)

Data from a paint manufacturer
(see 4.2)

data wara - not nacessaribhscollatad at one-and tha same-time-but over a3 neriodof vears The c
Gata—Wete-ho+1 Hty Het8a—a+—-0hRe—aa—+H SHRE—tHH8-—B B8 —a—peHoa—oyeatrs—+

has been
However,
systems o
company |
figures.

The tests

The meth

determinafions were made of the contaminated levels via Bresle patch testing andzalso from “clean” panels.

The panel
blistering €

Since the
specific te

T3ble B.1 — Guidance levels of water-soluble salt contamination — Salt water immersion —

using a test to determine coating performance over “salt contaminated” surfaces for over
n each test a control was used of known and recognised performance which allows theccorre
r schemes tested at different times. The “low risk of failure” figures are relatively well defin
as used internal information and knowledge of products in some cases to predict thehigh risk o
vere carried out around the company's group laboratories by a standard test niethod.

bd ensures that correct levels of contamination were deposited on the test panels and
5 were then coated with the appropriate test coatings and/or schemes for their resistance to

ither under permanent immersion or under wet/dry cycling.

commencement of such detailed work on contamination.levels, the company has not carried
bting to attempt to correlate laboratory data against actual practical vessel outturns.

Single systems

mpany
4 years.
ation of
ed. The
f failure”

control

osmotic

out any

Paint system Low High Type of faill

Risk of failure

Dry film thickness No.
of coats

um
pg/cm? chlorides

-

(-]

Chlorinaled rubber > 225 3 5 10 blistering

Epoxy

>'200 2 <10 >25 blistering

Coal-tar

epoxy > 200 2 <10 >25 blistering

Vinyl tar

> 220 2/3 <10 >25 blistering

Epoxy p

blyamide > 200 2 <10 >25 blistering

Aluminiy

m bitumen 200 2 <10 > 50 blistering

Tank lini

Ng Epoxy 250 2/3 <5 >15 blistering

Tar mast

200 4./ 4
T

I= bliota«c
|97 JJIU LLrS J UTolCTinTy

P
N

Epoxy mastic 200 2 <10 >25 blistering
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Table B.2 — Guidance levels of water-soluble-salt contamination — Atmospheric exposure, industrial —

Single systems

Risk of failure
Dry film thickness No
Paint system ; Low High Type of failure
um of coats
ug/cm? chlorides
Chlorinated rubber > 150 2/3 <25 > 50 blistering
Epoxy > 150 1/2 <25 > 50 blistering
Alkyd > 180 2/3 <15 > 25 blistering
Epoxy polyamide > 150 1/2 <25 > 50 blisteripg
Oil alkyd > 180 2/3 <15 > 25 blisteripg
Urethpne 150-200 2/3 <10 >25 blistering
Zinc dilicate >75 1 <10 > 25 blistering

Table B.3 — Guidance levels of water-soluble salt contamination — Atmospheric exposure, mgrine —

Single systems

Risk of failure
Dry film thickness No
Paint system i Low High Type of failure
um of coats
ug/cm? chlorides
Chlorfnated rubber > 150 2/3 <25 > 50 blisteripg
Epoxy > 150 1/2 <25 > 50 blisteripg
Alkyd > 180 2/3 <15 >25 blisteripg
Epoxy polyamide > 150 1/2 <25 > 50 blisteripg

Table B.4 — Guidance levels of‘water-soluble salt contamination — Atmospheric exposure, marine —
Mixed generic systems

Risk of failure
Dry film thickness No
Paint system ; Low High Type of failure
um of coats
pg/cm? chlorides
Epoxy/polyurethane > 150 1/2 <25 > 50 blisteripg
I'lellrt;ct;)s|I|c:ate/chlor|nated S 295 3 <5 > 15 blisteripg
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(

Annex C
informative)

Coating-system manufacturers' recommendations regarding toleration
of salt contamination on a steel surface before application of paints
or related products

(see 4.2)

Recommepdations from coating-system manufacturers regarding toleration of salt contamination on"a'steel

before apglication of paints or related products are sumarized in Tables C.1 and C.2.

Table C.1 — Manufacturer A

surface

Highest salt level tolerated

Service . . _ .
Manufacturer environment Conductivity equiv. Cl equiv_NaCl Comments
mS/m | pS/em | pglem? | mg/m? | pglcm? | mg/m?2
A Fresh water 1) Bresle extraction
immersion 5,3 53 6,9 69 1.1 111 (12,5 cm?) with § ml
distilled water.
Salt water
immersion 5,3 53 6,9 69 11,1 111 2) They use
Chemical conductometric {esting
. ! only for total salf and
immersion 5,3 53 6,9 69 11,1 111 convert to equivhlent
Atmospheric chloride, NaCl.
exposure: Therefore sulfate and
other salts are included
— Marine 15,0 150 19,5 195 31,5 315 in the conductometric
t.
—  Industrial 15,0 150 19,5 195 | 315 | 315 | oocdremen

16
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Table C.2 — Manufacturers B to L
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Manufacturer Service environment ug/cm? chloride Sulfate Comments
B Fresh water immersion 5 — 1) Use Bresle
. : conductometric
Salt water immersion 10 — extraction for total salt
Chemical immersion 5 _ expressed as chloride.
Atmospheric exposure: 2)  If extraction in
range 5-10 ug/cm?,
— Marine — — then measure for
— Industrial — — chioriag only.
¢ Fresh water immersion 6 — Use Bresle
. : conductomettic
Salt water immersion 8 — extfaction forltotal salt
Chemical immersion 6 _ calculated as|chloride
equivalent.
Atmospheric exposure:
— Marine — —
— Industrial — G
D All immersions 10 — 1) Use Bregle
. ] extraction bu{ drop
Atmospheric exposure: titration for cHloride.
— Marine - - 2) Testonly for
— Industrial — — chloride.
E Fresh water immersion 1 — Use Bresle
. . conductomettic
Salt water immersion 5 — extraction forltotal salt
Chemical immersion 4 _ calculated as|chloride.
Atmospheric exposure:
— Marine — —
— Industrial — —
k Fresh water immersion 3 — 1) Same rgquirement
as US Navy.
Salt water immersion 3 — y
- . 2) Test method
Chemical immersion 3 — unknown.
Atmospheric'exposure:
— {Marine — —
£\ Industrial — —
(] Fresh water immersion 5 — Use Bresle extraction
) ) for total salt, €xpressing
Salt water immersion 10 — results as chibride.
Chemical immersion 5 —
Atmospheric exposure:
— Marine 25 —
— Industrial 25 —

© 1SO 2001 — All rights reserved
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Manufacturer Service environment ug/cm? chloride Sulfate Comments
H Fresh water immersion 5 50 1) Levels based on
- - “DIN Working Paper
Salt water immersion 5 50 28"
Chemical immersion 5 50 2) In practice, can
Atmospheric exposure: accep} higher chloride
levels” for seawater
— Marine 5 50 immersion.
— Industrial 5 50
| Fresh water immersion 5 50 Levels basedjon “DIN
: - Working Pdper 28”.
Salt water immersion 5 50
Chemical immersion 5 50
Atmospheric exposure:
— Marine 5 50
— Industrial 5 50
J Fresh water immersion 3 — 1) Use Bresle
) - extraction for total salt,
Salt water immersion 3 — expressing results as
Chemical immersion 3 — chloride.
Atmospheric exposure: 2) Sulfate levgls “not
available yet”.
— Marine 5 —
— Industrial 10 —
K Fresh water immersion 7 — 1) Test method
) - unknown.
Salt water immersion 7 —
— - 2) Data for ambient
Chemical immersion 210 5 — temperature and
Atmospheric exposure: "aggressive” cargo.
— Marine 7 —
— Industrial 7 —
L Atmospheric exposure: Total salt level.
— Marine 7 —
— Industrial 10 —
NOTE 1 "—" indicates “Not'feported" or "Not applicable" (see comments section).
NOTE 2 1 pg/em?=10 mg/m?.,
The information presented above from coating-system manufacturers was obtained as a result of discussipns with
committee members, or as a resull of a survey questionnaire sent 1o approximaiely 30 coating-system

manufacturers, the majority of whom manufactured coating systems for ships and for the marine industry. Their
responses were presented literally or were interpolated into the standard reporting format of the questionnaire.

The identity of the coating-system manufacturers has been coded, although most of the information presented
herein is publicly available.

It is assumed that the data is applicable to all types of coating system.

Coating-system manufacturers are encouraged to submit data, update data or conduct testing as described in
annexes E and F and submit results to the Secretariat of ISO/TC 35/SC 12.
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Annex D
(informative)

Data supplied by Japan
(see 4.2)

PracticalJapanese—allowable levels of water-soluble salt contamination-before apnlication - of paints—3
g g g

products for steel structures, bridges and chemical and industrial plant are given in Table D.1.

© 1SO 2001 — All rights reserved

nd related

19


https://standardsiso.com/api/?name=03d0c475aaa51bfbced79186e540706b

