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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
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hsk of technical committees is to prepare International Standards. Draft International Stand

shall not be held responsible for identifying any or all such patent rights.

3 was prepared by Technical Committee ISO/TC 156, Corrosion)of metals and alloys.

in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.

the technical committees are circulated to the member bodies for voting. “Publication as
| Standard requires approval by at least 75 % of the member bodies casting'a vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3

consists of the following parts, under the general.titte Corrosion of metals and alloy
n of low corrosivity of indoor atmospheres:

Determination and estimation of indoor corrosivity
Determination of corrosion attack in indoor.atmospheres

Measurement of environmental parametérs affecting indoor corrosivity
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Introduction

This part of ISO 11844 deals with environmental parameters for the characterisation of indoor atmospheres
and methods of measurement.

The environmental parameters for the characterisation of indoor atmospheres include more airborne
confaminants than are normally used Tor the characterisation of the outdoor environment.

Measurement of environmental parameters is a way of characterising the corrosivity of the indoor ptmosphere
and|will always be required if it is necessary to consider measures for reducing the corrosivity.
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psivity of indoor atmospheres on metals and alloys.

asurement of environmental parameters affecting indo
rrosivity

Scope

part of ISO 11844 describes methods for measuring the environmental-parameters used to

Normative references

following referenced documents are indispensable forthe application of this document,
rences, only the edition cited applies. For undated, references, the latest edition of the
iment (including any amendments) applies.

7708:1995, Air quality — Particle size fraction definitions for health-related sampling
9225:1992, Corrosion of metals and alloys>— Corrosivity of atmospheres — Measurement of

11844-1, Corrosion of metals and-alfoys — Classification of low corrosivity of indoor atmg
1: Determination and estimation, of-indoor corrosivity

12341:1998, Air quality -~ \Determination of the PM;, fraction of suspended particulate
prence method and field test procedure to demonstrate reference equivalence of measurement

Principle

brent combinations of parameters affect the corrosivity of indoor atmospheres. Knowledge ab
r'ces of enyironmental effects must be obtained before decisions regarding the type of me
Hed are taken. The characterisation of indoor atmospheric corrosivity using environmental pg
e _Complicated than measuring the corrosivity with metal specimens. However, in m
surement of environmental parameters can give a good indication of how to establish the corr

or

classify the

For dated
referenced

ollution

spheres —

matter —
methods

but possible
asurements
rameters is
any cases,
psivity of an

environment and will, in combination with the information given in ISO 11844-1, give a good indication of the

corro

sivity categories for the materials in the selected environment.
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4 Environmental parameters

In indoor atmospheres, corrosion processes are characterised by a more complex group of parameters than in
outdoor atmospheres. In general, two groups of parameters should be measured:

humidity and temperature;

airborne contaminants, such as gases and particles.

Fluctuation in the temperature and humidity, particularly at higher humidity levels, may cause condensation on

cooler surfg

ces. The freauencyv and time of condensation is an impaortant factor for indoor corrasion
-1 P4 Ll

The corros
humidity is
contaminan

5 Humi

5.1 Rela

Use continy
The measu

needed, se
shall be at |

The data shall be reported as monthly values. The average;*-maximum and minimum values for each m

shall be rep

The calculd

5.2 Tem
Use continy
The measu

needed, se
be at least

on effects from these groups of parameters are usually interdependent. A particular-levd
needed before corrosion begins, and this can vary for different contaminants. Combination
ts might accelerate the corrosion processes.

dity and temperature parameters

tive humidity

ous measuring devices such as hygrographs, thermohygrographs or logging hygrometers.

ring period is preferably one year, to cover seasonal variations. If shorter measuring periods
ect a measuring period where large variations in the rfelative humidity are expected. The pe
bast one month per season.

orted.

tion of time with relative humidity in given intervals represents useful information.

berature
ous measuring devices such.as thermohygrographs or logging thermometers.
ring period is preferably,one year, to cover seasonal variations. If shorter measuring periods

ect a measuring pefiod’where large variations in the temperature are expected. The period 3
bne month per season.

The data s

shall be reported.

The calculation«ofitime with temperature in given intervals represents useful information.

all be reported as monthly values. The average, maximum and minimum values for each m

| of
s of

are
riod

bnth

are
hall

bnth

5.3 Temperature-humidity complex

Continuous measurements of temperature and humidity give data for the calculation of frequency and time
with condensation.
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Airborne gas contaminants

Principle
gas concentration or deposition can be measured by several techniques:
continuous gas-concentration measuring instruments;

average gas concentration with an active sampler and air pump;

The
as

6.2

The)

areas may have moisture condensation with a high corrosion effect., Corners often have higher ¢
centrations and lower air circulation than the rest of the room¢1fithe problem is located in a specific area,

con
med
be 1

6.2.
The)

poly
The)

6.2.

The)

6.2.

The
dev

6.2.4 Gas-deposition equipment

The)
be 4

average gas concentration wWith a passIve sampler,
average gas-deposition equipment.

results from concentration measurements are typically given in yg/m3 and for depdsition me
hg/m2.d. The results obtained from the two types of measurements can be difficult'to compare.

Placing of measuring equipment

corrosivity of the indoor atmosphere may vary dramatically from ohe ‘point to another in a rg

surements shall be performed in that location. If the problem/is’'more general, then measurem
hade in a central open area in the room.

I Continuous gas-measuring instruments

instrument shall be placed so it is .protected from unauthorised people. Polyg
tetrafluoroethene (PTFE) tubing can be used-1o collect the air sample from the selected area
length of the tubing should not exceed 2:m.

R Active sampler

active sampler shall be placed\according to the same rules as the continuous gas-measuring i

3 Passive sampler

ce shall be placed-with the open end facing downward.

equipment shall be placed in a part of the room where there is free movement of air. The equ
heltered from settling particles that can interfere with the analyses of the gases.

asurements

om. Cooler
ontaminant

ents should

thylene or
bf the room.

hstrument.

passive sampler,shall be placed in a part of the room where there is free movement of air. The sampling

pment shall

6.3

6.3.

Measuring methods and duration

1 Continuous measurement

The measurements shall preferably be carried out for one year to record the seasonal variation of the gas
pollutants. The data from continuous measuring instruments shall be reported as monthly average values,
together with the maximum and minimum values of the month.

Standard instruments have detection limits in a range from 4 x 105 to 1 x 106 volume fractions. Specially
designed instruments may have detection limits of one-tenth of these values.

© I1SO 2006 — All rights reserved
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6.3.2 Measurement and calculation with the active sampler

The methods are based on pumping air through an absorption unit with a reactive surface or liquid, with
subsequent laboratory analysis of the amount absorbed. The result will be given as an average concentration
for the sampling period. The sampling time shall be one week or longer. The sampling period is preferably one
year, or at least one month for each season of the year.

samplers, the volume of air (V) is known. The average concentration (C) is then

(1)

With active
c="
Vv
where
C is
m s
Vo is
The data sh
values for fi
NOTE L

he average concentration, in pg/m3;
he gas absorbed, in ug;
he air passed through the absorption unit, in m3.

all be collected weekly and reported as average weekly values, and‘converted to average monthly
bur weeks. The maximum and minimum values for the period shall also be reported.

[he detection limits for air concentrations depend on the sensititity¥of the analysing instruments and the

duration of the sampling. The normal sensitivity for the instrument is 0,01 pg/em3 and weekly mean values with deteftion

limits better

6.3.3 Megdsurement and calculation with the passive sampler

Mean gas
sampling is

Key

1 absorbe
2 tube

3 permeal

han 0,1 ug/m3 can easily be obtained.

oncentrations can be calculated using passive sampling devices. The principle used for passive
shown in Figure 1.

lescreen for gases

C, is the ambient concentration of gas

C, is the concentration of gas at the absorbent equal zero

Figure 1 — Principle of construction of a passive-sampling device

© I1SO 2006 — All rights reserved
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The basic idea for the use of passive samplers is that Fick’s first law for gas diffusion applies inside the tube.
Fick’s first law is valid if the air inside the tube is stagnant and the absorbent in the upper end of the tube will
completely absorb the gas that reaches the surface.

Fy=-D; Z—S (2)
where

Fy is the flux of gas (amount of net transported gas per time and area);

D, is the diffusion coefficient for gas in area per time;

dC/dz is the concentration gradient that is negative to the flow direction.

When D, is known and the absorbed amount (Q) of gas pollutant is measured, Fick’sdaw can be fransformed
to

_ 0z
T Dy-A-t ®)

Gy
whgre

0O s the total amount of gas absorbed, in ug;

C, is the concentration of gas in air, in ug/cm3;

A is the area of absorbent, in cm?;
t is the exposure time, in seconds;

D, is the diffusion coefficient for gas; in cm?/s;

z is the length of diffusionfin‘cm.

D, for gases in air is temperature dependent. However the adjustment is minor in normal climates. The
expgcted change is 0,2 %/°C.

In gractice, all diffefent commercial types of passive samplers marketed will have small adjustments to the
simple equation presented. The detection limits for air concentrations depend on the diffusion ratg of the gas,
the jsensitivity-of'the analysing instruments and the duration of sampling. Normal sensitivity for weekly mean
valles may be.0,1 pg/m3.

6.3.|4 Measurement and calculation of deposition rate of gas pollution

The deposition takes place on an absorbing surface similar to the surfaces used for passive sampling devices.
The gas will react when it reaches the surface. Since the absorption system is open, the speed of deposition
will depend on the movement of the air.

The results shall be expressed as gas (SO,) deposition rate (R) in milligrams per square metre per day

__m
R—A.t 4)

© I1SO 2006 — All rights reserved 5


https://standardsiso.com/api/?name=55c5ad9167875c2b52f05d3b70be4c32

ISO 11844-3:2006(E)

where
Rso,
m
A
¢

The sensiti

A complete

7 Airborne particle contaminants

71

Particles c3
depositing ¢on surfaces, will react with most metals if sufficient humidity is present. Soot will adsorb gases

SO, and a

surface ang

The particlg

Dust particl

exist for mg

size of part
the instrum

NOTE

given for PM

7.2 Volu

The most in

— PMy.:
largest
smalle

PM, &

Total S
the res

Particles can be collected with a sampler suitable for recording PM,,

Princ

A
acceptable H

is the deposition rate, in mg/m?2/d;

is the total mass of gas on the test plate, in mg;
is the area of the test plate, in m?;

is the exposure time, in days.

ity depends on the analysing instrument and the duration of sampling.

description for SO, is given in ISO 9225.

Ciple
n affect the corrosion processes in different ways. Water-soluble pariieles, like sea-salt aero

ct as a source for acidic reaction on metals. Solid particles can form dust layers on parts
create deposit corrosion on metals.

s may either be measured as a concentration, in ug/m3; oras a deposit on the surface, in mg/y
es are normally defined as the size fraction from 1 ym to 100 um. Different types of instrum
asuring the concentration of particles. However, theinstruments in use have a cut-off value for
cles that is much lower than 100 um; this is related to acceptable limits for health effects. Mar
pnts are able to separate the different particles_into size fractions.

cceptable limits for particles in ambient air are'normally given only for health considerations. The EC lim
M,, concentration for people is 50 ug/m3'as a 24 h average. In the USA, the ambient air quality stan
b 5 is 65 pg/m?.

metric measurements

hportant limits for the classes of particles are the following:

Particles with an_aerodynamic diameter less than 10 ym. These particles are respirable.
particles will sticklin the nasal and mouth passage while the smaller fraction will go deeper.
faction PM, g will reach the lung.

Particles‘with an aerodynamic diameter less than 2,5 um.

uspended Particles (TSP) gives values without a special cut-off diameter. In indoor atmosphg

sols
like
of a

n2.d.
ents
the
y of

t for
dard

The
The

res,

LIt will often be comparable with PM,, results.

particles. The samples used shal

| be

qualified for PM,, measurements in accordance with EN 12341 when PM,, has a specification according to

ISO 7708.

The sampler shall have a PM,, sampling inlet directly coupled with a filter substrate and regulated flow device
to keep a steady airflow during the sampling period. The sampling shall be followed by a gravimetric
determination of the PM;, mass collected. The result shall be reported as a concentration, in pg/m3, by

dividing the

NOTE

filter mass loading by the total flow during the sampling time.

A sampler suitable for PM, 5 sampling can be used according to EPA-454/R-98-012.

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=55c5ad9167875c2b52f05d3b70be4c32

ISO 11844-3:2006(E)

The result of this sampling shall be reported as a concentration, in pg/m3, by dividing the filter mass loading

by t

he total flow during the sampling time.

The normal recommended duration for sampling is 24 h but, in indoor applications, sampling times of up to
one week may be used. The total sampling period is preferably one year, or one month for each season of the

yea

r.

For corrosion effects, it is important to measure the water-soluble part of the amount of particles. After the
total amount of particles in the samples is measured, the sample is washed with deionized water and the
water is analysed for CI-, SO4 2~ and NO5;~. The results are given, in pg/m3.

7.3

The)
surf

Measurement of particle deposits

waghed with a known amount of deionized water. The water shall be collected and analysed f

imp
ion

collected with the area and time exposed. Indoor sampling equipment can be.fairly simple.

NOTE If an evaluation of corrosion risk on existing surfaces is needed, collection of water salts can b
accqrding to ISO 8502-6.

deposition rate for water-soluble particles on a surface can be measured by exposing a dgfined clean
ace area for a selected time period, normally between one week and one month. The surfgce shall be

br the most

brtant ions. The deposition rate for an ion (mg/m2/d) can be calculated by dividing the total amount of the

b carried out
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Annex A
(informative)

Reagents used for both passive and active samplers

A.1 Sulfur dioxide (SO,)

The most ¢
added to th

absorb watg¢r and CO,,.

lon chroma

Diffusion cg

A.2 Nitrg

The most ¢
chromatogr

temperaturg¢ Nal + NaCOs, Kl + arsenite or Nal + NaOH seem to ‘e’ better. Spectrophotometric analys

nitrite is the)

Diffusion cg

A.3 Dihy

ommon absorbents for SO, are KOH or Na,CO5. To keep the surface moist, glycerol(is-g
e absorbent. KOH is not recommended in areas with high relative humidity, due to its\abilit
ography is the most frequently recommended analytical method for SO,

efficient for SO, at 25 °C = 1,32 x 107 m?/s,

gen dioxide (NO5)

ommonly used method for absorption consists of using triethanolamine (TEA), using either
aphy or spectrophotometry for analysis of NO, as nitrite. For a long exposure time and

most common analysing method.

efficient for NO, at 25 °C = 1,54 x 10~° m?/s.

drogen sulfide (H,S)

ften
y to

ion
nigh
s of

Sulfides arg¢ absorbed on a surface with silver nitrate. The amount of sulfur absorbed can be analysed by

inductively

Diffusion cg

A.4 Ammonia (NH3)

Ammonia

photospectioscopy.

Diffusion cg

coupled plasma atomic emission spectrometry (ICP-AES).

efficient for H,S at 25 °C(= 1,81 x 10~ m?/s.

vill be absorbed on organic acids like oxalic, citric or tartaric acid. NH3 is analysed

efficient for NH; at 25 °C = 2,54 x 105 m?/s.

by

A.5 Ozone (O3)

Passive samplers for ozone were introduced in the 1990s. Both NaNO, + K,CO4 + glycerol and Kl buffered to

pH 9, have

been used. Spectrophotometry is normally used for the analysis.

Diffusion coefficient for O at 25 °C = 1,62 x 10-% m?s.
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