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Appendix A

Corrosion of metals and alloys — Corrosivity of atmospheres
— Determination of corrosion rate of standard specimens for

the evaluation of corrosivity

WARNING — Some of the procedurcs included in this International Standard entall the use of potentially
hazardous chemicals. It Is emphasised that all appropriate safety precautions should be taken.

1 Scope

This International Standard specifies mathods which
can be used for the determination of corrosion rate
with standard specimens.

The values obtained from the measurements (cor-
rosion rates fur lhe first year ol exposure) are lo be
used as classification criteria for the evaluation of
almospheric corrosivity according to 1SO 9223

2 MNormative references

The following standards conlain provisions which,
through referance in this text, constitule provisions
of this International Standard. At the lime of publi-
cation, the editions indicaled were valid. All stan-
dards are subject to revision, and parties to
agreemenls based on lhis International Standard
are encouraged lo investigate the possibility of ap-
plying the moslt recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers of currently valid Internalional Slandards,

ISO 8407:1991, Corrosion of melals and alloys — Re-
moval of corrosion products from corrosion fest
specimens.

ISO 8565:1092, Metals and alloys — Atmospheric
corrosion testing — General requirements for field
tests.

ISO 9223:1992, Corrosion of metals and alloys —
LCorrosivily of atmospheres — Classification.
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3 Principle

The corrosivity of the exposure locations or of in-
dustrial installation sites is deduced from the cor-
rosion rate, calculated from the loss of mass per unit
area of standard specimens following the descaling
of vorrosion products from the specimens after ex-
posure periods of one year.

In the case of alloys of iron, zinc and copper, mass
loss is a proven measure of corrosion damage. In
the case of aluminium alloys, mass loss is a valid
measure of corrosion. This is the aim of this Inter-
national Standard, however it does not measure the
corrosion penetration.

4 Standard specimens

Two types of standard specimens may be used.

Helix specimens often give results which are sig-
nificantly different from those oblained with fiat
specimens; therefore, comparisons of results should
be based on specimens of the same type.

The matariale uscd to prepare lhe slandard speci-
mens are of current fabrication, i.e.:
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Steel: unalloyed carbon steel (Cu 003 9%
1o 0,10 %, P < 0,07 %)

Zine: 98.5 % min,

Copper: 99,5 % min.

Aluminium: 99,5 % min.

Prior to exposure, all specimens shall be solvent
degreased, Steel specimens with visable rust stains
or corrosion products on their surfaces shall be
polished with 120 gril abrasive paper prior o de-
greasing to remove these visible corrosion products.
Copper, zinc and aluminium specimens shall not be
used if visable corrosion products are present be-
fore exposure.

4.1 Flat plate specimens

The specimens are rectangular plates with dimen-
sions of preferably 100 mm % 150 mm but al |east
50 mm x 100 mm, and a thickness of approximately
1 mm.

4.2 Open helix specimens

The materials used fo prepare the standard speci-
mens are wires intended for thermal spraying.

Wires with a diameter, d, of 2 mm to 3 mm are cut
to a length of approximately 1000 mm. They are
then rolled into a helix using a rod with a diameter
of 24 mm.

5 Exposure of standard specimens

The preparation and the exposure of the waighed
and marked standard specimens shall be done ac-
cording to the specifications of IS0 8565

Three specimens of each melal should be exposed
for one year, starling at the beginning of lthe worst
corrosive period of the year, Helix specimens musi
be exposed in upright position {see Mgura1).

After exposure, the corrosion products formed on
specimens shall be removed in accordance with the
specifications of IS0 B407 and reweighed lo the
nearest 0.1 mg. Procedures sultable for chemical
cleaning are given in annex A, The cleaning pro-
cedure should be repeaied several times in egual
cleaning cycles.
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& Expression of results

The corrosion rate, r,, for each metal, expressed
in grams per square metre year [g/im2-a)], is given
by the equation
Ammt
Feonr = AT )|

where
Am Is the mass loss, in grams;
A is the surface area, in square metres;
i Is the exposure time, In years.

The corrosion rate, r.,,. can also be expressed In
micromelres per year (pm/a), and is given by the
equation

Ty —ﬁn'l

cote = ."'g'f ' {2}

where

o is the density, in grams per cubic centi-
metre, of the metal:

E|
bl
3

ora= 7,86 g/om
gz, =714 g/lem
gcy = 8,96 g/lem
og = 2,70 1;||H.:m3

Am, A and ¢ have the same meaning as the
symbals in eguation (1)

The corrosion rale for open helix specimens. r.um
expressed in micrometres per year (pm/a). is given
by the equation

oo = 0,25 % ﬁn’frd (3

whare

Am  Is the mass loss, in milligrams;

d s the wire diameter, in millimetres;
m ig the original mass, in grams;
i is the exposure fime, in years.

All single values and thelr mean values shall be re-
presented in the tesl report,
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Material Chemical Time Temperature Remarks
min "C
500 mil of hydrochloric acid (HCI, g = 1,19 g/ml)
Steel 3,5 g of hexamethylene tetramine 10 20 to 25 =
Distilled water to make up to 1 000 ml
Chloride contamination of
the chromic acid from
" N corrosion praducts
Zinc 290 g of chramlami lrII(UKIdE [C;ou:'[)]o i 1 80 formed in salt environ-
Distilled water to make up to m rrisiitis ko [ s A veiiled
to prevent attack of the
zinc base metal.
Deaerate solution with ni-
trogen.
’ ) _ Brushing of test speci-
Caopper 5‘.' n:\l (Lf sMifrL acldk(HzSOt,, ‘: 6010'84]9”“” 30 to 60 40 to 50 mens o remove corrosion
Distilled water to make up to mi sraduets followsd by re-
immersion for 3sto4d s is
recommended.
. If corrosion product films
50 ml of phosphoric acid (H,PO,. 0= 1689g/ml) 20 g rernain. then follow wWith
of chromium trioxide (CrO,) 5to 10 90 to 95 e ol ianid procsdure
Distilled water 1o make up to 1 000 ml
below.
Hlor Remove extraneous de-
minfum posits and bulky corrosion
Nitric acid (HNO,, o = 1,42 g/ml) 1to5 to25 | Products to avaid re-

actions that may result in
excessive removal of
base metal.
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Corrosion of metals and alloys — Corrosivity of atmospheres

— Measurement of poliution

WARNING — Some of the procedures included in this International Standard entall the use of potentially
hazardous chemicals. It Is emphasised that all appropriate safely precaulions should be taken,

1 Scope

1.1 This International Standard specifies three
methods for measuring the deposition rates of sulfur
diowide (80, [sulfur compounds) and airborne
salinity.

It does not cover concentration measurements. The
concentration of sulfur dioxide (SO, and other
pallutants in the air should be measured in accord-
ance with standard methods, e.g. 150 4221:1880, Afr
quality — Determination of mass conceéntration of
sulphur dioxide in ambient air — Thorin speciro-
photemetric method

The measuremen! methods included in this Inter-
national Siandard apply Tfor characterization of
corrosivity of the test site The pollution data ob-
tained by these methods are generally used for the
determination of corrosivity categories.

2 Determination of suifur dioxide (SO,)
deposition rate on lead dloxide {PbO,)
sulfation plaies

_ 21 Princlple

Atmospheric sulfur dioxide {80,) 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-
ressed in milligrams per square metre day

mgj{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.
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The inverted position of the distc is intended to
minimize sulfur capture from acid precipitation or
sulfuric acid aerosol

2.2 Sampling apparatus

2.21 Suliation plate

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

Bond filter paper circles to the bottom of polystyrene
Petri dishes. Tha circle diameters may be 50 mm or
60 mm. Bonding is carried oul by placing a filter
paper rough side up, in the bottom of the dish. The
filter paper should fit inside the dish without wrink-
ling. Carefully squirl acetone intothe dish so that the
filter bacomes just saturaled Press the filter paper
firmly with a glass rod so thal il adheres completely
to the dish. Allow the acelone to evaporate

Piace a hatch of bonded plates (BO 50 mm or

55 60 mm plates) in a rack and rinse with distilled

or deionized water. Fill the plates with water again
and allow to stand for 1 . Pour the water oul of the
plates and refill to between one guarter and one half
with distilled or deionized water,

Add 35 g of tragacanth gum and 300 mi distiled or
deionized water to a high speed blender, Set at a
low speed and blend for 2 h.

Pour the canients of the blender into 3 1 Titre beaker
and pour 350 ml of the sclulion back into the
blender. Pulp 3,5 g of filter paper, add ii to the
350 ml of gum &olutlon and set the blender al a
maodarate speed umit the mixlure appears smooth
and uniform,
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Pour 490 ml ol the previvusly preparad gum sctulion
inte the blender 2nd blend al 8 moderale speed for
T min

Sef the b'ender 2l & kigh spesd and acd 12 g of
lead dioside. Elend Tor 2 min and then fum ‘he
blepdat back ‘0 8 low epsed.

A )

Carefully pipette 10 ml of the mixlure fato each
50 mmy plate of 15wl Inlg esch 60 mm plate. Make
glre that the mixiure spresds uniformly to the edge
of sgch plate,

Flece fhe weck of plales in
AD PO 50 TC for 20 h.

an oven sl al

fumaove the plates rom the ovan, allew o cool ond
g2al them with tight-fitng movers in protest tham
Lntl exposure begino.

\ﬂ!hﬂﬂﬂ'

L | pad ianior (B3} paste

= Plastic Peiricishe et

L]

Numbear 1he plates and eupnse’ fhem  witain
420 days of preporstion, Retzin uf leas! three pistes

Irom each baich o referance

2.2.2 Expasure rack

Erackets =aall be nged to nold lhe plales secire'y
i en fnveriod posiiion, 52 el the lsad disxide
mixtLre fanes dewnwards. The plaies sqall be horl-
zontal ard <kal tol he obotructed fromy  1-ermal
wing=s and air circulation currents The brackeis
shall ba corgiructed from a msverial wkich hes ait-
eguate ‘esisiance to etmasphenc oCriozion, They
gaall inclage a retaining chp or elher proviclon 10
hiold thie plate in the eveni of sirang winde A lypleal
bracke=! design is ehawn in figure 1

Chvessions 1 Finimelras

i Figure 1 — Bulfatlon plale holdar

50
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2.3 Sampling

When monltoring exposure slles, a minimum of
three plates shall be used for each exposura period

The plates should be placed, if possible, =t the
highest and lowest levels of exposure of corrosion

IBEL SpRCimans

A 3D day + 2 day exposure period is recommended,
Al the end of the axposure pedod, the plales should
be removed Trom the bracket and covered tightly 1o
praven! additional sullation Amalysls of ne platss
ghould be compleled within &0 days of the com-
pletion of the exposure. When the exposure s fin-
ished, the piate identification, exposure location and
the dates of exposure Inltiation and completion shall
be recorded

24 Sulfate analysis

The determinalion of the sulfate content of the sul-
fation piates shall be conducled wsing any estsb-
lshed  guantilative  amzlysia  technigue A
turbidimeatric method is described below

241 Principla

The conlenls of the sulfation piate are remaved and
diggolved, for example using a solulion of sodium
carbonate. The aullals s then procipatéd wille e
barium lon and measured torbidimetrically,

2.4.2 Reagents

During the analysiz, lnless olherwise staled, use
only reagenis of recognized analytical grade and
only distilled waler ar watar of equivalent purity

2.4.21 Sodium carbonate, approximately 50 g/l

Dissalve 509 + 0,59 of anhydrous sodium carbon-
ate (Na, 04 In 1 litre of waler.

2.4.2.2° Hydrochloric acld, salution,
“e{HCH) = 0,7 mal|

Dllute B0 mil of concentrated hydrochloric acid
{o=1.1%g/mi) to 1 litre with water

24.2.3 Barlum chlorlde dihydrate, 5 9/l solution
Dissolve 5 g of barium chloride dihydrate
(BaCly2H,3) In 1 litre of waler

2.4.24 Bodium_ sulfate, siandard solufion corre-
tponding 1o 500 mg of SO~ per litre,

Weaigh, to the nearest 0,1 mg, 0,740 g of anhydrous
sodium suifate (NagR0,), place iin & 1 000 ml one-
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mark volumetric fash, dissohe in water, difute ta the
mark and mix well,

1 rnzl of s slandard solulion contains 500 ug of
50,

243 Plate analysie

Cuantitallvely remove the lead disxide and as much
of the fibrous malarial s= possible from the plate
and {ransler it to @ B0 mi one-mark valumetric fask.

Add 20 ml of sodium carbanate solution {2.4.2.1) and
sfir

Allow fo stand for 3 h whh occasional stirring
Flace in & 100 "C waler bath for 30 min
Cool and dilute to the mark with waler,

Filter &t lzast 15 ml through a quanditative ne-grade
filter papar into & clean, dry tesi lube. Do nol wash

Fipette 10,0 mi of filiered sample info.a 150 mm long
test tube of diameter 25 mm and add 100 mi of wa-
ter anmd 50ml of the hydrochlorie acid solution
{2.4.2.2), Swirl to mix and check the pH with indicator
paper. The pH must b8 beéfween 25 and 40 If not,
dizcard and repeal this step

Pipette 5.0 ml allquols of the sample Inlo two test
lubes of 36 mm diameler and add 15 ml of water 1o
sach

Add 1 ml of bariom chloride solution (2.4.23), mix
vigorously and allow 1o stand for 5 min before
measuring lurbidity,

Measara the lurbidily of the sample solulion al
200 nm againgt a solulion conisining no barium
Convarl the ebsorbance (lurbidily) reading to
micrograme of sullale wsing the calibration curve
obtained as specified in 244

Blank samples consisting of unexposed sulfallan
plates taken from each balch of prepared and ex-
posed plales should be anafyzed 3l the same Hme.

2.4.4  Preparation of the calibration curve

Dilute 10,0 ml of the sodiuwm sulfale standard sol-
utien (24.2.4) 1o 100 mi uring & volumelric flask,

Fipelie the following vwolumes of the diluted sodium
sullate solution into test tubes: 1ml, 2ml, 3ml,
4 mil, & mi, 10 ml and 15 ml. Diute each volume 1o
Toml with ‘waler and then foflow the procecurs
specified in 2.4.3

Cin linear graph paper plot the absorbance readin 3s
of gach of the above sofutions againsi the respective
mass of sulfate which they contain, le. 50 up.
100 g, 150 pg, 200 g, 250 jg, 500 pg and 760 pg.

e
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2.5 Expresslon of resuils

The su'fation rate is caiculaled in terms sl sulfur di-
olde (504) capture by the plate. The mess of sulfate
obtanad Fom the plsle anslygis procedyre i& COn-
vered to net sulfation mass by subtracling e blank
yelue obtained from the batch of pisies In quesion,

The depostion rate of swlur diowide (B, ew
essed 0 miligrams par square meke day
Erfn;;,l'.[rnz d)], Rgey). = given by the eguatior

imy — rrg) ® 16,87
Reop="""41% 1000 -
whiire

m, s the mags, n micrograms, of suffales
pontained (r the Hank fesi,

I Iz ke mass, in micragrams, of ciliales
rontalned In g plais;

A is the area. n sguare metres, of a plate,

i f5 1ha exposure time. in days
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4 Determination of ehloride deposition
rate by the wet candle methed

4.1 Principle

A rain-protected wetl textile surface, with a known
area, |s exposed during a specified time. The
amount of chloride deposiled is determined by
chemical analysis. From the resulls of {his analysis
the chloride deposition rate is calculaled. f!Kfi‘EEE«Ed
in milllgrams per square metre day [mgf(m -d}]

A=A B-B
B
Wiek !
3‘“‘ : AddiHonal heles
” {funnel shaped) e
for fres ends of gouze s

Stopper

| Central hote ____,/r

' for wick
N | Fres ends
— of gauze

Flgure 3 — Detall of rubber stopper
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4.2 Sampling apparatus

4,21 Woet candle

The wel candle is formed of a wick inserted into &
bottle. The wick consists of a central core of aboul
25 mm in diameter made of inert material
(polyethylene} over which Is sireiched or wound a
double layer of tubular surgical gauze or of a band
of surgical pauze. The surface of the wick BMpOsEd
lo the almosphere shall be about 100 em®, which
corresponds 1o 8 wick length of about 120 mm. The
exposed area shall be accuraiely known. One end
of the wick is inserted inte a rubber stopper. The
stopper has two additional holes through which the
free ends of the gauze pass (il fubular gavze Is
used. the lower end is cut along the length of the
gauze until about 120 mm Is 1eft] The edges of the
three holes are shaped Inlo a funnel so that liguid

running down the gauze draing thraugh the stopper
(see figured). 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 bottle af
polyathylene or another inert material, with a vol-
ume of about 500 ml. The bottle contains 200 ml of
a glycerol and water solution [20 %4 (/)] with
oclanoic acid added o prevent the growth of fungi
such as Aspergifius niger The solution is made up
by mixing 200 m! of glycerol [CHOH(CH,OH).] with
distilled water to a volume of 1 000 mi Te the sol-
ution Is added 20 drops of octanoic acid (CgH,O,)

In situations of prolonged exireme temperatures, |.e.
greater than 25 °C or less than — 25 °C, it may be
necessary to Increase the glycerol contenl lo
40 % (17717) to prevent freezing or excessive evap-
oration, or |o replace the glyceral soclution by
ethylene-glycol at 20 % (F/ 1) strength
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4.3.2 Exposure rack

The wel candle |s exposed on a rack under the
cenira of a roof A5 shown in figure d, The rool should
be a squars of 500 mm side, inert and opagque. The
candie should be altached so that the distance from

the roal 1a the 160 of ha Wick 5. 200 mm and &0 that
It Is contred on the roof The distance beiween the
batile and the ground level should be al least 1 m.
The candle should. be expoced lowards the sea or
otker chloride source

Dimenaiong 10 milllimabes

ik

DR

G

Figure 4 — Sampling spparatus assembly

4.3 ESampling

l:rs:lalr_lhe prefabricaled candle ai lhe lesl location
and carry out the following steps

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

bl remove the stopper and wick from the bottie,
wash the Iree ends of the gauza and the bottle
with digtilied water;

c] place 200 ml of the_glycersl and waler solution
(see 4.2.1) In the bolile;

dl reassemble the wick and hottle

a) ‘piace the candle in the exposed position accord-
ing to figure 4.

The glycerol and water solulion should be changed
al monthly intervals as follows:

— lposen the stopper [n the bolile;
— carefully wash down the wick with af |east
X ml of distiled water, enswring halt the

washings run through the drain holas 6 the
stopper and thence Inla the botlle,

54
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— mmoye the stopper and wick from {he boitle and
wash the free ends of the gouzc: as they are
withdrawn from the botlle;

— place the stopper and wick into a new botlle
conalning 200 mi of fresh glycersl and water
salution, ensuring that the free ends of the gauze
dip wall into the solution; replace (he candla in
itz holder;

— soraw on the |id of the removed botile tightly,
making sure that it does not leak

Mark the bottle cleary with the fest sile name, fo-
cation and dates of exposure and removal

Tha solution in the bottle is prepared Tor analysis
socording o 4.4.3.

4.4 Chlorlde analysis

A zultable chiodde snalysis is desoribed below. Any
other analytical procedure which provides satisfac-
tory precision can be used

4.4.17 Prncipha

The amount of chlorde In & sample is delermined
by mercurimelric itrafion using diphenylcarbazone/
bramaphenad blue mixed indicalor. The endpoinl of
the titratlon |s indicated by the formation of & blus-
viodef complex of mercuric diphenvlcarbazone in the
pH Inlerval 2,3 - 2.8

4,42 Reagenis

During the analysis, unless Atherwice claled, use
only reagents of racognized analylical grade and
only distilled water or water of equivalent purily

4.4.21 Ethanol, 95 %% {117

4.4.2.2° Nitric acld. solution, c(HNG,) = 0,035 mell

Dliute 3 ml of nitric acid (p=1,40-g/ml}] to 1 003 ml
with watar,

4.4.2.3 Sodium hydroxide soclufion,
e(NalH) = 0,25 moll.

Dissolve 10 g of sadium hydroxide In water and di-
lute 1o 1 000 ml

44,24 Sodlem chloride, standard referance sal-
ution, e(NaCl) = 0,025 maljl,

Dry the sodium chloride for 1 f at 300 'C. Dissalve
1461 3 g in water and dilule o 1000ml In a
volumetric Nask.
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4425 Mercury(ll) nitrate, standard volumetric sol-
ution, c[1gND4] — 0012 5 mal)i.

Dissolve 428309 of mercury(l) nitrate mono-
hydrate [HoiNOyH07 10 50 mi of walér acidified
with 0.5 mi of niirlc acid (HNO,) (p = 1,40 gjml). Di-
lute fo 1 000 ml with water in a volumetric Nlask. Fil-
lar Il necessary and delermine the —exacl
concentration by fitration using . sodium chlorde
gtandard reference solution (4.4 2.4) as described in
443

4426 Mercury(ll) nitrate, standard velumetric sol-
ution, «[HatNO,),] — 0,007 05 maifl,

Digsolve 242009 of mercuryllll  monohydrate
[HaNO; 1 H,0T In 25 ml of water acidifled with
025 ml of nitic acid {p=140g/ml), Dilute 1o
T 000 ml with water In a volumetric Rask. Filter I
necessary and delermine the éxacl concentretion
by fitration wsing sodium chloride slandard
volumaltie solulion (442 4) a5 described in 443

4437 Mixed indicater solution

Disscdve 0.5 0 of diphenylcarbazone and 05 g of
bromophenal blua In 75 mi of ethencl (4.4.2.1) and
dilute 1o 100 mi with ethanol. ¥eep in & dark bottle
in a relfrigerator,

443 Analysis

Bampla & known aliquot of lhe sample prepared ac-
cording to 4.0 and coniaining not moma e 20 my
of chipride ions, Determine the approwimate contenl
of chloride iong in the sampls solution by prelimi-
nary litration vaing mercuny(ll] nitrate {4.4.2 5]

If the afiguot of the sampls: solutlon contains: more
than 2,5 mg al chioride lons, perform the liration
using mercury(ll) nitrate standard volumetric sol-
utlon (4.4,2 5}

If the aliquot of the sample salution contains less
than 2.5 mg of chlorde lons, perform the titration
using mercury(ll] nilrate standard volumetric sol-
ulion (4.4.2 8} and a microbureite In Ihis case, per-
fiorm a hlank titration on 50 mi of water, If the afiquol
comaing less than 0,1 mg of chioride ions per litra,
evaparate a sultable volume o 50 ml,

Add 5to 10 solution
(4.4.27)

drops of mixed indicator

Il'a blue-viglel or red cofour develops add nitric acid
solution (44.22) drop by drop unlll the colour
changes to yellow and then add 1 ml maore of the
nifric acid solution. 0 & yellow or orange colour
forme immediately when the indicator is added, de-
velop the blue-violet cotour by adding sodium hy-
droxide sciution (4.4.2.3) drop by drop, then proceed
with the acidification
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Corrosion of metals and alloys — Removal of corrosion
products from corrosion test specimens

1 Scope

1.1 This International  Standard specifies proce-
duras [or the removal of comosion products formed
on mctal ond alloy corrosion lest spacimens during
their exposura in corroslve ervironments. For the
purpose of thig Internationzl Slandard, the lerm
“metals” refers io metats and afloys,

1.2 The procedures specified are designed to re-
move all corrosion products without significanl re-
mowval of base melal This allows an accurate
determination of the maze |loss of the meis! which
oeocurred during exposure fo the corrosive environ-
menl

1.3 These procedures may, In some cases, glss b
applied to metal coatings. Howewver, possible effects
from 1he subsirale must be considered,

2 Proceduras

2.1 General

2141 A lighi mechanical cleaning treatment by
brushing with a sofl bristle brush under Funning wa-
fer ehould firs! be applisd ta ramove lightly adherenl
of bulky ecorrosion producis In some cases, lhis
treatment will be sufficien! to remove all corrosion
praducts and no further treatment will be necessary

242 1 the treatment described in 2.1.1 does nol
remove all cormaslon producis i1 will be necessary
to use olher procedures. These are of three fypes:

A} chemical;
b} electralylic,
) more vigorous mechanlcal traatments.

Whichever method s used, It may be necessary fo
repeal the cleaning treatmeni to ensure complels

removal of corroslon producis: Removal shall be
confirmed by visual examinalion, The use of a low-
power mitroscope (Le. =7 lo =3 Is parficularly
helpful with & pitted surface when corrosion pro-
ducis may accumulaie in pils

21.%  An [deal procedurs should remove anly cor-
rosion products. and nol result 10 removal of any
base melal. Two procedures can ba usaed 1o confirm
ihis poinl. One procedure Uses a CoORirol specimen
{2.1.3.1-and 1he ather requires & cenain number of
cleaning cycles on the corroded specimen {2:1.3.3),

2441 Uncorroded control speclmans  which
should be simblar chemically, metalfurgicaily, and
geamatrically 1o the lest specimens, should be
cleaned by lhe same procedure 35 used for the tesl
gpiciman BY welghing the contral speciman bafore
and afier cleaning [weighing to the Tifth significant
figure |s suggested, &g a 70 g spacimen should be
weighad {o three decimal places) the metal loss
el from the cleaning may be determéned. The
maszs loss of the control spacimen will reflect the
maes loss of lest specimens resulting from the
cleaning procedure

2.1.22 The cleaning procedurs should bae repealed
sevargl limes with the corroded lesl spacimen after
removal of corroslon products is compleied The
mass can be shown on 8 graph as 3 lunclion of the
number ol equal cleaning cycles {see figure1). In
many caaes the masses obiainad in these cleaning
cycles (applied afler removal of corroston products)
will have a linear relation with cleaning cycles. Two
lines, AB and BC. will be obtained. Line AB charac-
terizes tha removal of carroslon products and may
nol always be wisible. Line BC characterizes the re-
moval of subsirate after the corrosion products are
gone. By exfrapolsfion of line BC 1o the ordinale
iz, we oblaln point © which characlerizes ihe
mass al zero number of cleaning cycles. In olher
cagses The relation may nol be linear and the mosl
appropriate extrapolation shall then be made,
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Heimstigr 54 £ B coties

Flgure 1 — Mass of corrpded spacimens afler
rapeiiive cleaning cyoles

4,33 The Trug mass of the speciman afisr re
apwal o fhe corrosion products will be belween
&inls B and D, depending on e degres of po-
eclion fermished hHy the cormsion prodacts during
he cleaning procedure

1.4 The pegfeered cledning method will be 1hat
mhich

o} provides efficient removal of corresion preducts;

b} provides low or Zere mass loss when appiied o
naw sncorrodad spacimens (see 11315

ol provides 3 ¢urve of moss 88 o function of the
numbar of clesning cycles, whish is close lo
horlzomlal wien the lalisr is plolted as the ab-
scigsa (see 7102}

215 When chemioal or efecteolylic procedures are
usad, soletions freshly prepared Wwith distiled or
delonized water and reagen! grade chemicats shall
ba pted.

218 Afer clegning, the maetsl specimen should be
thoraughiy riesed. first wiib tap water and fimalty
with dietifed waler. Thew the specimen shall be
dried ¥ o oven and gllowed fo cool in a8 desicoator
to the balafce reom temperafure Before weighing.
A alternative drying procedore is o Immerse The
melal specimen In an sthonol enlution and then dry
wilh an alr hand towar

2.2 Chemical procedure
Chemleal procedures involve Immersion of the cor

rosien test specimen in a chemical selution wiich is
spacifically desigred (o remove the cormesion pro-
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dutts with minimal dissofution of any base mealal
Suveral procedoras gre lisled fn oannex A (S58e
takle A 1)

2,29 Chemical cleaning s ofien precaded by ligh
Brushing of tThe [est speciman 1o remrave lightly ac-
herent, bulky corrasion products,

2457 Inlermiftent remroval of specimens frem 1ha
chemieal salullon or fight brusking can ofien facili-
late the removal of ighlly adberani compsion fro-
ducts

2.2.3 Chemical eleaning o ollan Tollowed by Tght
trrushing 10 remove foote prtducts

23 Elegtrolytic procedures

Elpctrohlic cleaning alap oan e used fo ramove
rorrGsion products. Sevaral methods of electrolytic
clganing of comrosion lest specifmens are given In
anrex A [ses labte AL

Electrafylic clesning should he preceded by light
tyushing of 1he lesl gpacimen to remove lghily sd-
Retenl, bulky vormmelon products. Breshing should
aise follow electrolylic clEaning 1o ramove any [Goge
slime or depogils This will help 1o minimize amny
vadeposition of metal from raducibie corrogion pro-
dircts, which would reduce the mass loss

24 MWechanical proceduras

Mechanical procedurar  can  ingluds scraping,
sorubbing, brushing. ultrasomic methods, thechan-
ical shock and impact Blasting (grit &fasting, waler-
je¥ higsling, €lc ). These mathods are ofien used io
jemove  heavily ssuiusled  fovmsion producis,
Scrubbing  with & brstte brush and a  mild
abrasiveldisiited waler elurry can also be dssd o
reqmisyn Eorresion prodocts

Vigoreus mechanicsl claaning will result in the re-
moval &f some basa melal, 8o care should e exer-
cised. These melhods should be used only when
ditrera fafl 1o provide adequate remaval of corrosion
products. As with tha oiher mefhody, correction for
melal loss dua o the clesning mathod (s rae-
srmended, The mechanics! fortes used in cfeaning
shofl he mairiatned as nearly constan! as possible.

i Testrapoii

The {esl repon shall includse the Wllowing Iffgrms-
{lal2)

a) referance lo this International Standard,

b} the procedure used lo réemove ConOSIOn pro-
fuets,



)

d)

e)

Appendix D

for chemical procedures, the composition and
concentration of chemicals employed, the sol-
utien femperature and the duration of cleaning;

for eleciralytic procedures, the composition and
concantrallon of chemicals employed, lha sol-
utign temperaiure, the anoda materlal and cur-
rent density, and the duration of cleaning:

for mechanical procedures, the specific meckhan-
ical method employed (bristle brush scrobbing,
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)

wooden scraper, elc), any abraslve compounds
used, and the duralion of cleaning;

where mullipte proceduras ard used, the appro-
priate detalls for each method snd {he seagquanca
of mathods:

the resulle of conirel cleaning (see 2.1.3.1] of
from repetifive cleaning sfeps (see 21 3.3} de-
signed lo assess maes loss rom The removal of
bage metal during the cleaning process,

ihe mass loss due (o corrosion [See £1.0.0)
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Appendix E

Macro Program Used to find out the best fit value of Constants

Sub looping()

Cells(1, 10) =1

Cells(4, 10) =1

Cells(1, 11)=.1

Cells(4, 11) =0.1

Cells(1, 12) =1

Cells(4, 12) =1

Cells(1, 13) =0.1

Cells(4, 13) = 0.1

Cells(4, 14) =1

Cells(4, 14) =1

Cells(4, 15) =.1

Cells(4, 15)=.1

Cells(4, 16) =1

Cells(4, 16) =1
Cells(4,17)=.1
Cells(4,17)=.1

Cells(1, 18) = 0.001

Cells(4, 18) = 0.001

Cells(1, 19) =1

Cells(4, 19) =1

Cells(1,26) =1

Cells(4, 26) =1
Cells(1,27)=.1
Cells(4,27)=.1

Cells(3, 24) = 1000

For p=1 To 1000 Step 1
Fora=-0.1 To 0.1 Step 0.1
Cells(4, 10) = Cells(4, 10) +a
If Cells(5, 24) < Cells(3, 24) Then Cells(1, 10) = Cells(4, 10)
If Cells(5, 24) < Cells(3, 24) Then Cells(3, 24) = Cells(5, 24)
Cells(4, 10) = Cells(4, 10) - a
Next a

Cells(4, 10) = Cells(1, 10)

For b=-0.1 To 0.1 Step 0.1

Cells(4, 11) = Cells(4, 11) +b

If Cells(5, 24) < Cells(3, 24) Then Cells(1, 11) = Cells(4, 11)
If Cells(5, 24) < Cells(3, 24) Then Cells(3, 24) = Cells(5, 24)
Cells(4, 11) = Cells(4, 11) - b

Next b

Cells(4, 11) = Cells(1, 11)
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Forc=-0.1 To 0.1 Step 0.1

Cells(4, 12) = Cells(4, 12) + ¢

If Cells(5, 24) < Cells(3, 24) Then Cells(1, 12) = Cells(4, 12)
If Cells(5, 24) < Cells(3, 24) Then Cells(3, 24) = Cells(5, 24)
Cells(4, 12) = Cells(4, 12) - ¢

Next ¢

Cells(4, 12) = Cells(1, 12)

For d=-0.1 To 0.1 Step 0.1

Cells(4, 13) = Cells(4, 13) +d

If Cells(5, 24) < Cells(3, 24) Then Cells(1, 13) = Cells(4, 13)
If Cells(5, 24) < Cells(3, 24) Then Cells(3, 24) = Cells(5, 24)
Cells(4, 13) = Cells(4, 13) - d

Next d

Cells(4, 13) = Cells(1, 13)

Fore=-5To 5 Step 5

Cells(4, 14) = Cells(4, 14) + ¢

If Cells(5, 24) < Cells(3, 24) Then Cells(1, 14) = Cells(4, 14)
If Cells(5, 24) < Cells(3, 24) Then Cells(3, 24) = Cells(5, 24)
Cells(4, 14) = Cells(4, 14) - ¢

Next e

Cells(4, 14) = Cells(1, 14)

For f=-0.1 To 0.1 Step 0.1

Cells(4, 15) = Cells(4, 15) +

If Cells(5, 24) < Cells(3, 24) Then Cells(1, 15) = Cells(4, 15)
If Cells(5, 24) < Cells(3, 24) Then Cells(3, 24) = Cells(5, 24)
Cells(4, 15) = Cells(4, 15) - f

Next f

Cells(4, 15) = Cells(1, 15)

For g=-05To 5 Step 5

Cells(4, 16) = Cells(4, 16) + g

If Cells(5, 24) < Cells(3, 24) Then Cells(1, 16) = Cells(4, 16)
If Cells(5, 24) < Cells(3, 24) Then Cells(3, 24) = Cells(5, 24)
Cells(4, 16) = Cells(4, 16) - g

Next g

Cells(4, 16) = Cells(1, 16)
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For h=-0.1 To 0.1 Step 0.1

Cells(4, 17) = Cells(4, 17) +h

If Cells(5, 24) < Cells(3, 24) Then Cells(1, 17) = Cells(4, 17)
If Cells(5, 24) < Cells(3, 24) Then Cells(3, 24) = Cells(5, 24)
Cells(4, 17) = Cells(4, 17) - h

Next h

Cells(4, 17) = Cells(1, 17)

For j=-0.1 To 0.1 Step 0.1

Cells(4, 18) = Cells(4, 18) +]

If Cells(5, 24) < Cells(3, 24) Then Cells(1, 18) = Cells(4, 18)
If Cells(5, 24) < Cells(3, 24) Then Cells(3, 24) = Cells(5, 24)
Cells(4, 18) = Cells(4, 18) - j

Next j

Cells(4, 18) = Cells(1, 18)

Fort=-0.1"To 0.1 Step 0.1

Cells(4, 19) = Cells(4, 19) +t

If Cells(5, 24) < Cells(3, 24) Then Cells(1, 19) = Cells(4, 19)
If Cells(5, 24) < Cells(3, 24) Then Cells(3, 24) = Cells(5, 24)
Cells(4, 19) = Cells(4, 19) - t

Next t

Cells(4, 19) = Cells(1, 19)

For k=-5To 5 Step 05

Cells(4, 26) = Cells(4, 26) + k

If Cells(5, 24) < Cells(3, 24) Then Cells(1, 26) = Cells(4, 26)
If Cells(5, 24) < Cells(3, 24) Then Cells(3, 24) = Cells(5, 24)
Cells(4, 26) = Cells(4, 26) - k

Next k

Cells(4, 26) = Cells(1, 26)

For 1=-0.1 To 0.1 Step 0.1

Cells(4, 27) = Cells(4, 27) + 1

If Cells(5, 24) < Cells(3, 24) Then Cells(1, 27) = Cells(4, 27)
If Cells(5, 24) < Cells(3, 24) Then Cells(3, 24) = Cells(5, 24)
Cells(4, 27) = Cells(4, 27) - 1

Next 1

Cells(4, 27) = Cells(1, 27)

Next p
End Sub
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