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Foreword

180 (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 oul through 150
technical committeas. Each member body inlerested in a subject for
which a technical committee has been established has the right o be
represented on that committee. International organizations, govern-
mental and non-governmenltal, in llalson with IS0, also lake part in the
work. 150 collaborates closely with the International Electrotechnical
Commission (IEC) on all malters of eleclrolechnical standardization.

Draft International Standards adopted by the technical commitiees are
circulated to the member bodies for voling. Fublication as an Inter-
national Slandard requires approval by al least 75% of the member
bodies casting a vole.

International Standard 150 9223 was prepared by Technical Commitles
ISO/TC 156, Corresion of metals and alloys.

Annex A forms an Integral part of this Inlernational Standard. Annex B
is for information only.
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Introduction

Metals, alloys and melallic coatings may sufler atmospheric corrosion
when their surfaces are wetted. The nature and rate of the attack will
depend upon the properties of surface-formed electrolytes, particularly
with regard to the level and type of gaseous and pariculate pollulants
in the atmosphere and lo the duration of their action on the melallic
surface.

Dala on the corrosivity of the atmosphere are essential for the devel-
opmenl and speciflicalion of optimized corrosion resistance for manu-
factured preducis,

There are lwo ways of delermining the corrosivity category of a glven
location according to this International Standard (see figure 0.1).

The corresivity calegories are defined by the corrosion effects on stan-
dard specimens as specified in ISO 9226. The corrosivily categories may
be assessed in terms of the most significant atmospheric factors influ-
encing the corrosion of melals and alloys i.e. time of wetness and pol-
lution level.

The corrosivily category is a technical characlerislic which provides a
basis for the selection of materiale and proleclive.measures in atmos-
pheric environments subject o the demands of the specific application,
parlicularly wilh regard to service life.

This International Standard does not take into consideration the design
and mode of operation of the product which ean Influence its corrosion
resislance, since these effects are highly specific and cannot be gener-
alized.

S — —
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Figure 0.1 — Classification of atmospheric corrosivity
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Corrosion of metals and alloys — Corrosivity of atmospheres

— Classification

1 Scope

1.1 This Inlernational Standard specifies the key
factors in the atmospheric cormrosion of metals and
alloys. These are lhe time of welness (1), pollution
by sulfur dioxide [SO,) (P and air-borne salinity
(5). Corrosivily calegories (C), which are defined on
the basis of these three factors, are used for the
classificalion of atmospheres.

1.2 The classilication given in this International
Standard can be used direclly lo evaluate the
corrosivity of atmospheres for melals and alloys
under known conditions of time of wetness, pollution
by sulfur dinxide {S0,) and/or airborne salinity,

This International Standard does not characterize
the corrosivity of specific service atmospheres, e.q.
atmospheres in the chemical or metallurgical in-
dustries. The pollution and lime of welness charac-
lerizalion of these environmenis ecannot be
generalized,

The classified pollution and corrosivily calegories
can be directly used for technical and economical
analyses of corrosion damage and for a ralional
choice of protection measures,

Annex A summarizes the technical contenl of this
International Standard in an easily read form,

2 MNormative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. Al the time of publi-
cation, the editions indicaled were valid. All slan-
dards are subjecl lo revision, and parties o
agreements based on this International Standard
are encouraged to investigale the possibility of ap-
plying the most recent editions of the standards in-

1) See IS0 8044:1989, subclausa 2.18.
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dicated below, Members of IEC and 1S0O maintain
regislers of currenlly valid International Standards.

ISO B044:18988, Corrosion of meials and alloys — Vo-
cabulary.

ISO 9224:1902, Corrosion of melals and alloys —
Corrosivify of atmospheres — Guiding values for the
corrosivity calegories.

ISO 8225:1992, Corrosion of metals and alloys —
Corrasivity of atmospheres — Measurement of pol-
lution,

ISO 9226:1992, Corrosion of metals and alloys —
Corroslvily of atmospheres — Determination of cor-
resion rale of standard specimens for the evaluation
of corrosivity.

3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 corrosivity of the atmosphere: The abllily of
the atmosphere to cause corrosion in a given cor-
rosion syslem (e.g. atmospheric corrosion of a given
melal or alloy).

3.2 time of wetness: The period during which a
metallic surface Is covered by adsorptive and/or
llquld films of electrolyle thal are capable of causing
almospheric corrosion.

3.21 calculated time of wetness: The lime of
welness estimated from the lemperature-humidity
complex (see 5.2).

3.2.2 experimental time of wetness; The time of
welness indicated directly by various measuring
systems (see 5.3).
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3.2 pollution category: A numbered rank based on
guantitative measurements of specific chemically
aclive substances, corrosive gases or suspended
particles In the alr (both natural and the result of
human activity) thal are different from the normal
mmpun&ms of the air.

3.4 type of atmosphere: Characterization of the al-
mosphere on lhe basls of appropriate classification
criterla other than corrosivity (industrial, marine,
etc) or of complementary operalional Tactors
{chemical, etc.).

3.5 temperature-humidity complex: The combined
effect of temperature and relative humidity on the
corrosivity of the almosphare.

3.6 category of location: Conventionally defined
lypical exposure conditions of a component or
structure, e.g. in the open air, under sheller, in a
closed space elc.

4 Symbols and abbreviations

T Time of wetness

P  Pollution calegory with sulfur compounds
based on sulfur dioxide (SO,) levels

= Paollution category based on airborne salinity
contamination

C Atmospheric corrosivity category
(1] Alr temperature
h/a Hours per year

Feorr Corrosion rate for the first year of almospheric
exposure

r., Average corrosion rate for the first 10 years of
atmospherlc exposure

ry,  Steady state corroslon rate derived from long
term atmospheric exposure

5 Characterization of the atmosphere in
relation to Its corrosivity

5.1 For the purposes ol this Inlernational Standard,
the key corrosion factors of the atmosphere for
metals and alloys are time of welness, and sulfur
dloxide (S0,) and chloride pollution levels.

5.2 The wetling of surfaces is caused by many
factors, for example, dew, rainfall, melling snow and
a high humidity level. The length of time when the
relative humidity is greater than BO % al a tem-
perature (0) greater than 0 °C Is used to estimale

the calculated lime of wetness () of corroding sur-
faces (see nolte 1).

5.3 The experimental time of weiness can be de-
termined direcily by wvarious measuring systems
{see note 2)

5.4 The most important factor within a padicular
category of time of wetness Is the pollutlon level
caused by sulphur dioxide or airborne salinity.

5.5 The pollution level shall be measured in ac-
cordance with the specifications of ISO 9225.

5.6 Other kinds of poliution can also exerl an effecl
[oxides of nitrogen, (NO,) and industrial dust in
populated and Industrial zones] or the specilic op-
erational and technological pollution of microcli-
mates [chloride, (Cly), hygrogen sulfide, (H,S),
organic aclds and de-iceing agents). These types of
pollution have nol been used as classification cri-
teria.

According to this International Standard, the other
kinds of pollulion should be considered as ac-
companying ones [for example: oxides of nitrogen
(NO,) in urban atmospheres] or specific operational
ones (for example: vapours of acids in operational
miecroclimates).

NOTES

1 The time of welnass calculated hy this method does
not necessarily correspond with the actual time of ex-
posure o walness, because wetness is influenced by: the
type of metal, the shape, mass and orientation of the ob-
ject, the gquantity of corrosion producl, the nature of
pollutants on the surface and other factors. These con-
siderations may increase or decrease the actual time of
weatness. However, this eriterion is usually sufficiently ac-
curate for the eharacterization of almospheres. Tha ral-
ovance of the time of wolness decreaces with the degree
of shellering.

2 The indicaled time may depend upon the type of in-
sirument and the sensor used. The limes of welness indi-
cated by various syslems are not direclly comparable and
are convertible only within a limiled extent of tempera-
ture-humidity characteristics.

8 Classification of time of wetness

6.1 The lime of wetness {according to 5.2 and 5.3)
depends upon the macroclimatic zone and the cat-
egory of the locatian,

6.2 The classification of time of wetness for at-
mospheres Is given in table 1. The classified values
are based on the long term characterislics of
macroclimalic zones for typical conditions of the lo-
calion calegories,

Copyright by the International Crganization For Sandardization
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6.3 The calculaled times of welness and selecied 6.4 For limes of wetness t,, almost no conden-
climatological characteristics of the macroclimalic sation is expected. For ,, the probability of liquid
zones of the Earth are shown in annex B as general forming on the metallle surface is low. Times T4 tO
guidelines. 75 Include perlods of condensation and precipitation.

Table 1 — Classification of time of wetness

Time of wetness
Category Example of occurrence
hila %o
Y < 10 =01 Internal microclimates with elimatic control
= Internal microclimales withoul climatic control except for
e W<s<250 Ml<vad internal non-air-conditioned spaces in damp climatas
Outdoor atmospheres in dry, cold climates and part of temper-
fa <e <2500 e ate climates; properly venlilated sheds in temperate climates
Cutdeor atmospheres in all climates (except for the dry and cold
1y 2500 < 1= 5500 30 <t =60 climales);, venlllated sheds in humid conditions; unvenlilated
sheds in temperate climates
Ty 5500 <1 60 < Part of damp climates; unventilated sheds in humid conditions
NOTES

I The time of welness of a given locality depends on the temperature-humidily complex of the open air atmosphere
and the category of the lecation and is expressed in hours per year or as part of exposure time (in pareentage).

2 The values of time of wetness in percentage are rounded and informative only,
3 The occurrence column does not include all the possibilities due to the degres of sheltering.

4 Shellered surfaces in marine atmospheres where chlorides are deposiled may experience substantially increased
limes of walness, due to the presence of hygroscopic salls and should be classified in the category g

5 In indoor atmospheres without climatic control, the time of wetness categories ty 1o 1y €an ocour when sources of
waler vapour are present.

& For the times of wetnass ¢, and 1, the probability of corrosion is higher for dusty surfaces,

— e,
Copyright by the International Cropnization For Standardization
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7 Classification of pollution categories 7.2 The classification of pollution by sulfur dioxide
(S0,) for standard outdoor almospheres is given in

74 Aimospheric pollution is divided Into two cat-  'able2.

agories: pollution by sulfur dioxide (SO;) and by air-
borne salinity. These two lypes of pollution are
representative for rural, urban, industrial and mar-
Ine atmospheres.

Table 2 — Classlfication of pollution by sulphur-containing substances represented by (S0,)

Depositlon rate of S0, Cancentration of S0,
Category
mg/(m*d) pg/m?
Pas 10 P12 Py
10=<Pr,<35 12< P, <40 P,
35 <Py = 80 40 < P, < 90 P,
80 < P, < 200 90 < P, < 250 Py
NOTES

1 Methods of datermination of sulfur diovide (S0,) are specified in 150 9225,

2 The sulfur dioxide (30,) valuas determined by the depesition (Py) and volumetric (P} methods are equivalent for the
purpose of classification. The relationship between measurements using both methods could be approximately ex-
pressed as: Py =08 F..

3 For the purposes of this International Standard, the sulfur dioxide (SO;) deposition rate and concentration are cal-
culated from contlinuous measurements during at least ane year and are exprassed as the annual average. The result
of short term measurements may differ considerably from long term averages. Such results are enly used for guidance,

4 Any concentration of sulfur dioxide (SO,) within category P, is considered to be the background concentration and
is Inslgnificant from the point of view of corrosive attack,

§ FPollution by sulfur dioxide (SO,) within category P, Is considsred extreme and is typical of operational microclimates
beyond the scope of this International Standard.

.| & In shed-type atmospheres and, especially, In indoor atmospheres, the concentration of the poliutants is reduced in
inverse proportion to the degree of sheltering.

Copyright by the International Croanization For Standardization
Sat Jan 25 13:23:36 2003



I50 9223 52 M 4&51903 0503259 5 M

ISO 9223:1992(E)

Table 3 — Classlfication of pollution by alrborne salinity represented by chloride

Deposite rate of chloride
Category
mg/(m™d)
S§€3 Sy
3«8 <8D =
60 < § = 300 . s,
300 < § = 1 500 Ss

HOTES

1 The classification of airborne salinity according lo this Inlernalional Standard is based on the wel candle method
specified in 150 9225,

2 The resulls obtained by the application of various methods for the determination of the sall contenl in the almos-
phere are not always directly comparable and converlible,

3 For the purposes of this Internalional Standard, the chloride deposition rate is expressed as an annual average. The
results of shorl-term measurements are very variable and depend very strongly upen weather affects,

4 Any chloride deposilion rate within category S, is taken as the background concentration and is insignificant from
the point of view of corrosive altack.

5 Extreme pollution by chloride, which is typical of marine splash and spray, is beyond the scope of this International
Standard.

6 The airborne salinity is strongly dependent on the variables influencing the transport inland of sea-salt, such as wind
direction, wind velocity, local topography, distance of the exposura site from the sea, sle,

7.3 The classification of pollution by chilorides
(CI") refers to ouldoor atmospheres which are pol-

luted by airborne salinity in marine environmenis. Table 4 — Categories of corrosivity of the

The classificalion is given in table 3. atmosphere
Category Corroslvity
c1 Veary low
c2 Low
8 Categories of corrosivity of the c3 it
atmosphere ci High
5 . . g i
The corrosivily of the almosphere is divided into five =3 Very ligh

categories (see table 4),

Copyright by the International Organization For Standardization
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9 Classlfication of corrosivity based on
corrosion rate measurements of standard

specimens
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minium) are given in table5 for each of the
corrosivily calegories. The values cannol be ex-
trapolated for the prediction of long-term corrosion
behaviour. Guiding corrosion values and addtional
information are given in IS0 8224,

Mumerical values of the first year corrosion rates for
standard metals (carbon steel, zinc, copper, alu-

Table 5 — Corroslon rates (r,,,) for the first year of exposure for the different corrosivity categories

Corroslon rates (r.,,,) of metals

g Units Carbon steel Zine Copper Aluminium

- g/(m*a) Frorr € 10 Feon © 0,7 Foore S 0,9 Negligible
umfa Feorr = 1.3 Foorp = 0,1 Feare %= 0,1 =

i gl(m*a) 10 < rpgy = 200 07 <re <5 09<r,, =5 Foory = 08
pmfa 13<r,, <25 01 < rpr= 0,7 0,1 < v = 0.8 -

& gl(m*a) 200 < r.,,, = 400 5<ry, <15 S<r,, <12 DB<r.,, =2
pmfa 25 <= Fpppp = 50 07 =rg, =21 0B8<r,, =13 -

ol g/(m*a) 400 < r,,,, < 650 15 < regpe < 30 12 < Fogy < 25 2<rpy S5
pmfa B0 <= Fppee = 80 21 <, =42 13<r,., =28 -

- g/(m*a) 850 <7, < 1500 0 <r,,, < 60 25<r,,, €50 5<r., =10
umfa B0 < rpp = 200 42 <ror= 84 28<r,, =58 -

NOTES

1 The classification criterion is based on the methods of determination of corrosion rates of slandard specimens (flat
plate or helix) for the evaluation of corrosivily (see ISO 9228),

2 The corrosion rates expressed In grams per square metre year [g/(m®a)] have been recalculated in micrometres
per year {umfa) and rounded.

3 Tho materials are characterized In 150 082286,

4 Aluminium experiences localized corrosion but the corrosion rates shown in the table were calculated as uniform
corrosion, Maximum pit deplh is a better indicator of potential damage, but this characteristic cannot be evaluated afler
tha first year of exposure,

§ Corrosion rates exceeding the upper limits in category C 5 represent environmenis beyond the scope of this Inter-
national Standard.

Copyright by the International Croanization For Standardization
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10 Classification of nomslvlty based on 10.2 Ccd:-rlt'Ioslvft:,rr categories ;GTF?’!“:IDI'HHHQ to ffhﬂ
classified time of welness and pollution categories
environmental data are given in tables.

10.1 The pollulion calegories and lime of wetness 10.3 In the case of the time of wetness category
categories are used for the determination of the 7y, the corrosivily category iz always 1, except in
corrosivity category for Individual metals. highly polluted indoor atmospheres.

Table 6 — Estimated corrosivity categories of the aimosphere

Unalloyed carbon steal

Ty T Ty Ty L

Sg-5y S5y Sy S5y Sy Sy Sp-5y S, Sy Sp-54 8, 8y Sy-5y S S5

Pg-Py 1 1 for2 1 2 dord | 2ord | dord 4 a 4 5 dord 5 5
Py 1 1 for2 | 1or2 | 2or3 | 3ord | 3ord | 3ard | dor5s 4 4 5 dors 5 5
Py for2 | 1or2 2 2 3 4 4 4or5 5 5 5 5 5 5 5

Zinc and copper

S¢S | 5 58 | S% | 5 S3 | S5 | 5 S5 | %5 | % S | 5% | 5 Sa

PPy 1 1 1 1 for2 | 2 3 3 | 3ord 3 4 5 3ord 5 5
Py 1 1 1or2 | 1or2 2 a 3 dord 4 dord 4 5 4dors 5 5
Py 1 fer2 ] 2 3 Jard 3 Zard 4 dorb 5 5 5 5 5

Aluminium

%S | S S, | S¢S | S % 153 | & 3 | e | % s, | =S | S 5,

Pg-Py 1 2 2 1 |20r3| 4 3 |3or4 | 4 3 |3orda| 5 4 5 5
Py 1 2 2ord | 1or? | 3ord 4 a 4 4orS | dord 4 5 dors 5 5

Py 1 2or3 a dord 4 4 3ord | dors 5 4ors 5 5 5 5 5

NOTE — Corrosivity is expressed as the numerical part of the corrosivity category code (for example: 1 Instead of C 1),

I-:):pyrtg\t by the International Crganization For Sandardization
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Annex A
(normative)

Derivation of corrosivity of atmospheres for various metals according to this
International Standard
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Table A.1 — Derivation of corrosivity of atmospheres for carbon steal
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Table A.2 — Derlvation of corrosivity of atmospheres for zinc
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Table A.3 — Derlvation of corroslvily of atmospheres for copper

‘cepE 98t (g
‘EeKe ees (¥

*(sunsodxs susydsoune Wia-buo| wo.) paaep 1) uSISolIcD siels Apesis) +225 051 295 (£

"gOEl 993 (2
Leem eas (1

"gRIGE] #95 — (1 D JO PEIISU| L B0wexs o)) epoo Auobsles AIMISOLU0D SUl Jo Led [EDLSWNUY 3U] 58 Dassasdns 51 ANSoLIDD — JL0ON

+ ¥ | z
s| ¢ s g | g| gior | ¥ | Jo £ Jo| g g 2 | 4o L 00z s Py =08 5y 05z =g >06
£ £ L
|
; " | ,
¢| ¢ | gor | ¢ | +| vioe | + | 20 £ g |l z| zo1 [w] 4 ! e=fd>ee | L] 06 = 9 >0r
€ L |
¥ z sg£>’q>o01 | i oFSa>7
S| s| vmoe | 5| * € ol e £ £ | o b ] b
§ b oL> P _ %y L5
T T
m w [ m w = m =] _ ] m w La =3 e e
M A A # w A Al A W A Al A m A A A m M A 4 _
A ta ta w ..} s ta [~ ﬁ___.h . s | w A e ta w Fy! ta tx L
HESES =l A MRS nl nl A nl np A (P ) /Bw ufent
- 8 Z | 8 2 e B -| 8| 8 - 8 2
o .
m m 2 _ m m @i vopisodag | Faobajen UOHEQURILIOD
)5 %% |%|%|*]|'s|%|*|s |||t |% ||| |0 {*0s) eppiotp Jyms Aq uonnjjed feLgsnpu
[(p,w)/6w] mea vonsodap spuomo
v AHUIIES SWOQUTY
salewp dwep
Ul Spays palR|pUaA satlsg ps s Mgz 52
== T e= >y sz ro
anesadise] Ul sSEEWIPD Lo 1tn gLt g £3
spays SpaYS PIIE|NUSAUR slesadwa) SHjBWiD o= "> 100 §="u=gp z2
pale|UBALN ‘seEwip U Spays paleluas | dwep u) ideoxs Lo = Yl B0 =% (e
‘pILNY ‘SIIBWE srEsdwe] ‘saleW|p pIco PONUCD JpBwD [eaUeD
dilep Ul s100pIn0 Ul SJo0ping "Adp W) sJooping o "S100pU) SOEWED ‘Si00pu| e/l . EH_E
(%1 ssen) ("2 ssep) (2 ss2p) @2 ssep) (2 ssep) el=ies Apesis) 129K 151 P ey
oos g<= 00SS32>006 2 005 2>+ > 062 05T 3 2>01 oLz iy s s .
P1ES UOBOLICD

(B/u) 2. 0< 8 "56 0F < HY SJBUM SINOU LI PISSINXT | SSaUnam jo o)

"

Copyright by the International Croanization For Standardization

Sat Jan 25 13:23:37 2003



IS0 9223 92 M@ 4851903 EI.EEIEIEI:i: c

ISO 9223:1992(E)

Table A.4 — Derivation of corrosivity of atmospheres for aluminium
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Annex B

(informative)

ISO 9223:1992(E)

Calculated time of wetness and selected climatological characteristics of the

macroclimatic zones of the Earth

Mean value of the annual extrama values!} Caleulated time of
wetneas
Highest
Type of npﬁ;'l-alr Liiw High lam;?er:ulra ( - Category time of
climate temparature | temperature with RH = 80 % and 7 = 0 °C) welnezs
RH =85 %
C C °C h'a
Extramely cold — 65 {32 |- 20 0 to 100 Ty OF 1y
Cald - 50 + 32 4- 20 150 to 2 500 13 OF T4
Cold - 13 34 + 23
old tempearate + 2 500 to 4 200 '
Warm temperate — 20 + 35 + 25
Warm dry —20 + 40 + 27
Mild warm dry -5 40 27 10 to 1 600 1 OT 13
Extramely warm dry +3 + 55 + 28
Warm dam + 5 40 + 31
P o ' 4 200 o 6 000 4 OF 1

Warm damp, equable + 13 4+ 35 4-33
1) See |EC 721-2-1:1982, Classification of environmenlal conditions — Part 2;: Environmental conditions appearing in
nature — Temperature and humidity.
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atmospheric corrosion, water, sulphur dloxide, salinity, classificalicn.

ISO 9223:1992(E)

UDC 620.193.2:669

Descriplors; matals, alloys, atmospheres, corrosion,
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bt

Copyright by the International Crganization For Standardization
Jan 25 13:23:37 2003






