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Introduction

The ability of an atmosphere to cause corrosion of metal
controlled by the following factors: temperature-humidity
pollution. A basic requirement for the determipation of
of atmospheres is the standardized measurément of con
deposition rates of environmental pollution. The co
sulphur dioxide (SO,) in the air should be_measured in aq

t

h

9225:1992(E)

s and alloys is

complex and
he corrosivity

centration and

centration of

cordance with

special standards. This International ‘Standard represents methods for

the measurement of deposition rates. of sulphur dioxide
borne salinity.

The methods included in thig)international Standard have
for their easy applicability>and good comparability of ré
portant to stress that theclassification of sulphur dioxide
borne chloride (CI7) levels given in 1SO 9223:1992, Corrd
and alloys — Corrosivity of atmospheres — Classification
measurement methods described in this International Sta

(SO,) and air-

been chosen

sults. It is im-

(SO,) and air-

sion of metals

, is based on

ndard.
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INTERNATIONAL STANDARD

ISO 9225:1992(E)

Corrosion of metals and alloys — Corrosivity of atmospheres

— Measurement of pollution

WARNING — Some of the procedures included in this International Standard entail the use of potentially

hazardous chemicals. It is emphasised that all appropriate safety precautions should be taken.

1 Scope

1.1 This| International Standard specifies three
methods for measuring the deposition rates of sulfur
dioxide (SO,) (sulfur compounds) and airborne
salinity.

it does ngt cover concentration measurements. The
concentrgtion of sulfur dioxide (SO,) and other
pollutants| in the air should be measured in accords
ance with|standard methods, e.g. ISO 4221:1980,_Air
quality —| Determinaticn of mass concentration of
sulphur dioxide in ambient air — Thorin._spectro-
photometfic method.

The meagurement methods included) in this Inter-
national [Standard apply for chatacterization of
corrosivity of the test site. The)pollution data ob-
tained by [these methods are-generally used for the
determingtion of corrosivity eategories.

2 Determination of sulfur dioxide (SO,)
deposition rate on lead dioxide (PbO,)
sulfation plates

2.1 Principle

Atmospheric sulfur dioxide (SO,) reacts with the
lead dioxide to form lead sulfate. The plates are re-
covered and sulfate analysis is performed on the
contents to determine the extent of sulfur dioxide
capture. The deposition rate of sulfur dioxide is ex-
pressed in milligrams per square metre day

[mg/(m?d)].

The lead dioxide reagent used in this method may
also convert other sulfur bearing compounds, such
as hydrogen sulfide and mercaptans, to sulfate.

The inverted, position of the disc is intended to
minimize sulfur capture from acid pfecipitation or
sulfuric acid/aerosol.

2.2>, Sampling apparatus

2.2.1 Sulfation plate

Sulfation plates may be purchased |ready for ex-
posure or may be prepared. The following method
is recommended for the preparation of sulfation
plates.

Bond filter paper circles to the bottom [of polystyrene
Petri dishes. The circle diameters may be 50 mm or
60 mm. Bonding is carried out by placing a filter
paper rough side up, in the bottom off the dish. The
filter paper should fit inside the dish without wrink-
ling. Carefully squirt acetone into the dish so that the
filter becomes just saturated. Press the filter paper
firmly with a glass rod so that it adhernes completely
to the dish. Allow the acetone to evapprate.

Place a batch of bonded plates [80 50 mm or .
55 60 mm plates) in a rack and rinse| with distilled

tor — water again
and allow to stand for 1 h. Pour the water out of the
plates and refill to between one quarter and one half
with distilled or deionized water.

Add 3,5 g of tragacanth gum and 900 ml distilled or
deionized water to a high speed blender. Set at a
low speed and blend for 2 h.

Pour the contents of the blender into a 1 litre beaker
and pour 350 ml of the solution back into the
blender. Pulp 3,5g of filter paper, add it to the
350 ml of gum solution and set the blender at a
moderate speed until the mixture appears smooth
and uniform.
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Pour 400 ml of the previously prepared gum solution
into the blender and blend at a moderate speed for
1 min.

Set the blender at a high speed and add 112 g of
lead dioxide. Blend for 2 min and then turn the
blender back to a low speed.

Carefully pipette 10 mi of the mixture into each
50 mm plate or 15 ml into each 60 mm plate. Make
sure that the mixture spreads uniformly to the edge
of each plate.

Number the plates and expose them within
120 days of preparation. Retain at least three plates
from each batch for reference.

2.2.2 Exposure rack

Brackets shall be used to hold the plates securely
in an inverted position, so that the lead dioxide
mixture faces downwards. The plates shall be hori-
zontal and shall not be obstructed from normal

Place the rack of plates in an oven set at

40 °C to 50 °C for 20 h.

Remove the plates from the oven, allow to cool and
seal them with [tight-fitting covers to protect them
until exposure begins.

N
U7

Retalner

Winds and air circulation currents. The. Brackets
shall be constructed from a material which/has ad-
equate resistance to atmospheric cotfpsion. They
shall include a retaining clip or other proVision to
hold the plate in the event of strong-winds. A typical
bracket design is shown in figure 1"

Dimensions in njillimetres

N

|/
| N
| Z
Lead dloxide (Pb0,) paste
Plastic Petrl dish @ 60 jh
Bracket

140
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Figure 1 — Sulfation plate holder
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2.3 Sampling

When monitoring exposure sites, a minimum of
three plates shall be used for each exposure period.

The plates should be placed, if possible, at the
highest and lowest levels of exposure of corrosion
test specimens.

A 30 day + 2 day exposure period is recommended.
At the end of the exposure period, the plates should
be removed from the bracket and covered tightly to
prevent additional sulfation. Analysis of the plates

1ISO 9225:1992(E)

mark volumetric flask, dissolve in water, dilute to the

P R

mark and mix weil.
1n12| of this standard solution contains 500 pg of
S0, .

2.4.3 Plate analysis

Quantitatively remove the lead dioxide and as much
of the fibrous material as possible from the plate
and transfer it to a 50 ml one-mark volumetric flask.

should bp completed within 60 days of the com-
pletion of the exposure. When the exposure is fin-
ished, thg plate identification, exposure location and
the dates|of exposure initiation and completion shall
be recorded.

2.4 Sulfate analysis

The detefmination of the sulfate content of the sul-
fation pldtes shall be conducted using any estab-
lished quantitative analysis technique. A
turbidimetric method is described below.

2.41 Pripciple

The contgnts of the sulfation plate are removed and
dissolved| for example using a solution of sodium
carbonatg. The sulfate is then precipated with the
barium ion and measurad turbidimetrically.

24.2 Reagents

During t analysis, unless otherwise” stated, use
only reagents of recognized analytical grade and
only distilfed water or water of equivalent purity.

2.4.21 Spdium carbonate,-approximately 50 g/I.

Dissolve $0 g + 0,5 g_‘ef-anhydrous sodium carbon-
ate (Na,CpP,) in 1 litre{of water.

2.4.2.2 drochloric acid, solution,
c¢(HCI) = 4, 7Zmol/l.

Add—20 Tt of sodfurm carbomnate sofutt
stir.

Filter at least 15mhkthrough a quantita
filter paper into(a‘clean, dry test tube

Pipette 10,0 m! of filtered sample into
test tube of diameter 25 mm and add
ter and>5,0 ml of the hydrochloric
(2.4.2:2). Swirl to mix and check the pH
papeéer. The pH must be between 2,5
discard and repeat this step.

Pipette 5,0 ml aliquots of the sampld
tubes of 25 mm diameter and add 15
each.

Add 1 ml of barium chloride solutior
vigorously and allow to stand for
measuring turbidity.

Measure the turbidity of the samp
500 nm against a solution containin
Convert the absorbance (turbidity
micrograms of sulfate using the cal
obtained as specified in 2.4.4.

Blank samples consisting of unexp
plates taken from each batch of pre

n (2.4.2.1) and

ctirrin
C= RS R

n
Ty,

r.

tive fine-grade
Do not wash.

a 150 mm long
10,0 ml of wa-
acid solution
with indicator
and 4,0. If not,

into two test
ml of water to

(2.4.2.3), mix
5 min before

e solution at
g no barium.

reading to
bration curve

psed sulfation
bared and ex-

posed plates should be analyzed at tHe same time.

244 Preparation of the calibration curve

Dilute 60 ml of concentrated hydrochloric acid
(e = 1,19 g/ml) to 1 litre with water.

2.4.2.3 Barium chloride dihydrate, 5 g/| solution.

Dissolve 5 g of barium chloride dihydrate
(BaCl,2H,0) in 1 litre of water.

2.4.2.4 Sodium sulfate, 2standard solution corre-
sponding to 500 mg of SO, ~ per litre.

Weigh, to the nearest 0,1 mg, 0,740 g of anhydrous
sodium sulfate (Na,80O,), place it in a 1 000 m| one-

Dilute 10,0 ml of the sodium sulfate
ution (2.4.2.4) to 100 ml using a volum

standard sol-
etric flask.

Pipette the following volumes of the diluted sodium
sulfate solution into test tubes: 1 ml, 2 ml, 3 ml,
4 ml, 5 ml, 10 ml and 15 ml. Dilute each volume to
20 ml with water and then follow the procedure
specified in 2.4.3.

On linear graph paper plot the absorbance readings
of each of the above solutions against the respective
mass of sulfate which they contain, i.e., 50 pg,
100 pg, 150 pg, 200 pg, 250 pug, 500 pg and 750 pg.
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2.5 Expression of results

The sulfation rate is calculated in terms of sulfur di-
oxide (SO,) capture by the plate. The mass of sulfate
obtained from the plate analysis procedure is con-
verted to net sulfation mass by subtracting the blank
value obtained from the batch of plates in question.

The deposition rate of sulfur dioxide (SO,), ex-
pressed in milligrams per square metre day
[mg/(m*d)], Riso,) is given by the equation

(rmy — my) x 16,67

3.2.2 Exposure rack

The test plates are exposed on a rack (see figure 2)
in a vertical position so that their surfaces are par-
allel to the prevailing direction of wind. The bottom
edges of the plates shall be 1,8 m to 2 m above the
ground. A roof over the rack prevents washing out
by rain but enables free access of air to the plates.

Risop = H-tx 1000 K 3.3 Sampling
where At the test location (test site) install three tedt plates
my is th¢ mass, in micrograms, of sulfates with the fasteners on the rack. Thé)exposure time
contdined in the blank test; of the test plates is 30 days £ 2'days, unless the
character of the test or the _pollution level necessi-
my is the¢ mass, in micrograms, of sulfates tate a different time (60 days/or 90 days). After the
contdined in a plate; exposure is complete, remove the test plat¢s with-
) . out damaging the surface layer and seal them sep-
A is the area, in square metres, of a plate; arately in plastic{containers. Mark the | plastic
¢ is thd exposure time, in days containers with the)test site name and datep of ex-

3 DeterminTion of sulfur dioxide (SO,)
deposition rafe on alkaline surfaces

3.1 Principle

Sulfur oxides (S0O,) and other sulfur compounds of
an acid charactéer are collected on the alkaline sur-
face of porous filter plates saturated by a solution
of sodium or ];otassium carbonate. Sulfur com
pounds which afe converted into sulfates are.deter-
mined. The deposition rate of sulfur dioxide is
expressed in rilligrams per square ,metre day

[mg/(m*d)].
3.2 Sampling|apparatus

3.2.1 Sulfation plate

Sulfation plates |shall be prepared by the following
method.

posure and remaval.

3:47, Sulfate analysis

The sulfate analysis shall be completed| within
60 days of the completion of exposure.

The volumetric determination of sulfates in the test
plates is described below. Any other analytital pro-
cedure which gives a satisfactory precision| for ex-
ample gravimetric or spectrophotometric methods,
can be used.

3.4.1 Principle

The amount of sulfates is determined by the {itration
of a water/ethanol sample solution with a |barium

Immerse paper filtey plates of 150 mm x 100 mm x perchlorate water/ethanol titrant in the presgnce of
3 mm, for 2 mi orin_indicaltor. The end-point of the fitration is in-

carbonate solution. (It is admissible to use chro-
matographic paper filter plates or other materials
of similar properties.)

Remove the plates from the solution, drain and dry
for either 1h or 8h at a temperature of
105 °C + 2 °C or 90 °C + 2 °C, respectively. After
drying, seal the plates in plastic containers
(polyethylene, polypropylene). Take five plates from
every processed series in which the sulfate content
is determined as a blank.

dicated by the yellow-pink colour transition in the pH
interval 2-3.

3.4.2 Reagents

During the analysis, unless otherwise stated, use
only reagents of recognized analytical grade and
only distilled water or water of equivalent purity.
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Dimensions in millimetres

Prevalling direction of winds
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3.4.2.1 Hydrogen peroxide,150"g/l solution.

3.4.2.2 Ethanol, 95 %-(V]V).

3.4.2.3 Parchloric acid, diluted 1 + 5.

Figure2.—~ Exposure rack for alkaline sulfation plates

3.4.2.6 Thorin indicator, 2 g/l solution

Dissolve 0,2 g of thorin indicator in 100 ml of water.

3.4.3 Plate analysis

3.4.31 Preparation of the sample solution

3.4.2.4 Sulfuric acid, standard reference solution,
¢(H,80,) = 0,005 mol/l.

3.4.2.5 Barium perchlorate, standard volumetric
solution ¢[Ba(ClO,),] = 0,005 mol/l.

Dissolve 2,0 g of barium perchlorate, trihydrate
[Ba(CiO,),-3H,0] in 200 ml of water, and adjust the
pH of the solution to a value of 2 to 3 by the addition
of perchloric acid (3.4.2.3). Dilute the solution to
1 000 ml with ethanol (3.4.2.2). The exact concen-
tration is determined by the titration of 10 ml of
sulfuric acid standard reference solution (3.4.2.4) as
described in 3.4.3.2.

Remove the test plate from its plastic container and
transfer it to an 800 ml beaker. After wetting, split it
into pieces by means of a glass rod. Adjust the vol-
ume of the suspension to 400 ml with water.

Add 1 ml of hydrogen peroxide solution (3.4.2.1) and
stir the suspension thoroughly.

Boil the mixture for a short time and leave it to rest
overnight.

Vaccum filter the suspension through a quantitative
coarse grade filter paper and wash the residue on
the filter twice with water. Adjust the volume of the
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filtrate to 500 ml in a volumetric flask (sample sol-
ution).

3.4.3.2 Analysis

Pipette 10 mi of the sample solution into a titration
flask. If the sulfate concentration in the sample sol-
ution is high, a lower volume may be pipetted and
the volume made up to 10 ml with water. If the sul-
fate concentration in the sample solution is low,
5 ml of sulfuric acid standard reference solution

{3.4.2.4) may b
Adjust the pH

e added.

(V, — Vo)e, x 64,061, ;
Vadi SRS

R(soz) =

where

Reso, is the sulfur dioxide deposition rate, in
milligrams per square metre day;

Ve is the volume, in millilitres, of barium
perchlorate standard volumetric solution
(3.4.2.5) used for titration of the blank;

to the value of 2 to 3 by the addition

of perchloric Tid (3.4.2.3).
t

Add 40 ml of
indicator solut

hanol (3.4.2.2) and 3 drops of thorin
on (3.4.2.6).

Titrate the solution using barium perchlorate stan-

dard solution
sition.

3.4.2.5) to the yellow-pink colour tran-

3.5 Expressjon of results

The results sh
position2 rate,
[mg/(m*d)], R
the equation

m

hil be expressed as sulfur dioxide de-
in milligrams per square metre day
(so,)» and are calculated according to

Risop =17 (2
where
m is the total mass of sulfur dioxide (SO,),
in milligrams, on the test plate;
A is the area, in square metres~of‘the ex-
poded part of the test plate®
t is the exposure time, ip-days.

For the titratign of sulfates by-barium perchlorate
standard volumetric solution,\the results are calcu-

lated accordin

1) 4=0,03m’

j to the equation

: is—the—veturme——mitiitres—ef barium
perchlorate standard volumetrit solution
(3.4.2.5) used for titrationrof’the aliquot

of sample;

Va is the volume, in millilitres, of pipetted
aliquot of sample(soplution;

V5 is the total valume, in millilitreg, of sam-
ple solution;

cy is the{exact concentration, in |moles of

Ba(CiQ,), per litre, of barium perchlorate
standard volumetric solution (3.4.2.5);

A is the area, in square metres, pf the ex-
posed part of the test plate;”

{ is the exposure time, in days.

4 Determination of chloride deposjtion
rate by the wet candle method

4.1 Principle

A rain-protected wet textile surface, with{a known
area, is exposed during a specified time. The
amount of chloride deposited is determined by
chemical analysis. From the results of thig analysis
the chloride deposition rate is calculated, gxpressed
in milligrams per square metre day [mg/(m*d)].

for a test plate of 150 mm x 100 mm.
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4.2 Sampling apparatus

4.21 Wet candle

The wet candle is formed of a wick inserted into a
bottle. The wick consists of a central core of about
25 mm in diameter made of inert material
(polyethylene) over which is stretched or wound a
double layer of tubular surgical gauze or of a band
of surgical gauze. The surface of the wick exposed
to the atmosphere shall be about 100 cm?‘, which
corresponds to a wick length of abo )0 mm. The
exposed afea shall be accurately known. One end
of the wick is inserted into a rubber stopper. The
stopper hgs two additional holes through which the
free ends |of the gauze pass (if tubular gauze is
used, the Jower end is cut along the length of the
gauze unti] about 120 mm is left). The edges of the
three holep are shaped into a funnel so that liquid

X

X

A-A B-B
B
Wick .
SRRRRXRY, _i
E  Additional holes ke
" (funnel shaped)

for free ends.of gauze

Stopper

Central hole
for wick

Free ends
of gauze

ISO 9225:1992(E)

running down the gauze drains through the stopper
(see figure 3). The free ends of the gauze must be
long enough to reach the bottom of the bottle.

The stopper is inserted into the neck of a bottlie of
polyethylene or another inert material, with a vol-
ume of about 500 ml. The bottle contains 200 ml of
a glycerol and water solution [20 % (V/V)] with
octanoic acid added to prevent the growth of fungi
such as Aspergillus niger. The solution is made up
by mixing 200 ml of glycerol [CHOH(CH,OH),] with
distilled water to a volume of 1 000 ml. To the sol-
ion-i ic-asig (CgH,50,).

In situations of prolonged extreme temperatures, i.e.
greater than 25 °C or less tham =25 {C, it may be
necessary to increase the{~glyceroj content to
40 % (V/V) to prevent freezing or exg¢essive evap-
oration, or to replaceCthé glycerol| solution by
ethylene-glycol at 20 %\(V/V) strength

%

]
| S—— |

Figure 3 — Detail of rubber stopper
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4,22 Exposure rack

The wet candle is exposed on a rack under the
centre of a roof as shown in figure 4. The roof should
be a square of 500 mm side, inert and opaque. The
candle should be attached so that the distance from

500 x 500

the roof to the top of the wick is 200 mm and so that
it is centred on the roof. The distance between the
bottle and the ground level should be at least 1 m.
The candle should be exposed towards the sea or
other chloride source.

Dimensions in millimetres

Roof

Post x 250

200

/— Cytindrical wick

120

Support —/

Rubber stopper

Free ends of gauze

Bottle holder

\' Solution

1 000 min.

7577

4.3 Sampling

4444

Figure 4 — Sampling apparatus assembly

reassemble the wick and bottle;

2

lace-thecandle-inthe exposed-positian accord-

Install the prefabricated candle at the test location
and carry out the following steps:

a) adjust the length of the exposed part of the wick
to the desired value;

b) remove the stopper and wick from the bottle,
wash the free ends of the gauze and the bottle
with distilled water;

c) place 200 ml of the glycerol and water solution
(see 4.2.1) in the bottle;

~

(]

o
ac

gt

e

figure 4.

------

]

P

>
o]

The glycerol and water solution should be changed
at monthly intervals as follows:

— loosen the stopper in the bottle;

— carefully wash down the wick with at least
200 ml of distilled water, ensuring that the
washings run through the drain holes in the
stopper and thence into the bottle;
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