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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
ical standardization.
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RNATIONAL STANDARD ISO 8407:2021(E)

Corrosion of metals and alloys — Removal of corrosion
products from corrosion test specimens

WARNING — Safety rules for personnel: handling of the solutions used for the removal of
corrosion products shall be left to skilled personnel or conducted under their control. The
equipment shall be used and maintained by skilled personnel, not only so that the procedures
can be performed correctly, but also because of the hazards to health and safety that are

invol
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are no normative references in this decument.
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'ms and definitions are list&d:in this document.

1d IEC maintain terminolegical databases for use in standardization at the following
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4.1

General

4.1.1 Alight mechanical cleaning treatment by brushing, e.g. a soft bristle brush under running water,
should first be applied to remove lightly adherent or bulky corrosion products.

4.1.2

If the treatment described in 4.1.1 does not remove all corrosion products, it will be necessary to
use other procedures. These are of three types:

a) chemical;

b) electrolytic;

c) more vigorous mechanical treatments.

NOTE

These treatments will also remove some base metal.
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Whichever method is used, it might be necessary to repeat the cleaning treatment to ensure complete
removal of the corrosion products. Removal shall be confirmed by visual examination. The use of a low-
power microscope (i.e. x 7 to x 30) is particularly helpful with a pitted surface since corrosion products
can accumulate in pits.

4.1.3 An ideal procedure should remove corrosion products and not result in the removal of any
base metal. Two procedures can be used to confirm this point. One procedure uses a control specimen
(see 4.1.4) and the other requires a certain number of cleaning cycles on the corroded specimen (see
4.1.5). The procedures shall be maintained while the rust removal performance of the solutions listed in
Tables A.1 and A.2 is not impaired.
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Figure 1 — Mass of corroded specimens after repetitive cleaning cycles
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The number of points needed to establish the line BC is sometimes less than indicated in the figure for

ecific case, especially if there is significant experience for the pickled material and solution.

4.1.6 The true mass of the specimen, after removal of the corrosion products, will be a value between
the masses represented by the points B and D, depending on the degree of protection provided by the

corrosion products during the cleaning procedure.

4.1.7 The preferred cleaning method will be one that:

a) provides efficient removal of corrosion products;

b) p[ovmrbmnmmmewmm

c) provides a curve of mass as a function of the number of cleaning cycles or time of pickling, which is
close to horizontal when the latter is plotted as the abscissa (see 4.1.5).

4.1.8| When chemical or electrolytic procedures are used, solutions freshlyCprepared with distilled or

deionlized water and reagent grade chemicals shall be used.

4.1.9
this
Final

After cleaning, the specimen should be thoroughly rinsed withtap water. A light bry
ocedure will help to remove any remaining surface products'resulting from the clea
, the specimens shall be rinsed with distilled or deionizednater. The specimen shall tl

shing during
ning process.
nen be rinsed

thoropghly in ethanol and dried in air. Drying in an air stream is strongly recommended, o optionally a
hot aif blower or an oven may be used. After drying, the specimens shall be allowed to cool i a dessicator

to the balance room temperature before weighing.

4.2 |Chemical procedures

4.2.1| Chemical procedures involve the immersion of the corroded test specimen in a chemical solution
that is specifically designed to remove. the corrosion products with minimal dissolution of any base
metall Several procedures are listed iirAnnex A (see Table A.1). To facilitate the cleaning, pn ultrasonic
bath freatment should be used.

4.2.2| Chemical cleaning is often preceded by a light brushing of the test specimen to r¢move lightly
adheijent, bulky corrosion products.

4.2.3| Before the chemical treatment, clean the specimens as described in 4.1.1. In connection with
the intermittent removal of specimens for weighing, brush the specimens, if necessary, to|facilitate the
remoyal of tightly-adherent corrosion products.

4.3 |Electrolytic procedures

Electic s of electrolytic

cleaning of corrosion test spec1mens are given in Annex A (see Table A 2) To fac111tate the cleaning, an
ultrasonic bath treatment should be used.

Brushing should follow electrolytic cleaning to remove any loose deposits. This will help to minimize
any redeposition of metal from reducible corrosion products in solution that would reduce the
measured mass loss.

4.4 Mechanical procedures

Mechanical procedures can include scraping, scrubbing, brushing, ultrasonic methods, mechanical
shock and impact blasting, e.g. grit blasting, water-jet blasting. These methods are often used to remove
heavily encrusted corrosion products. Scrubbing with a bristle brush and a mild abrasive/distilled
water slurry can also be used to remove corrosion products.

© IS0 2021 - All rights reserved
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Vigorous mechanical cleaning will result in the removal of some base metal, so care should be exercised.
These methods should only be used when others fail to provide adequate removal of corrosion products.
As with the other methods, correction for metal loss due to the cleaning method is recommended. The
mechanical force used in cleaning shall be maintained as constant as possible.

5 Testreport

The test report shall include at least the following information:

a)
b)

c)

d)

f)

g)

h)

j)

areference to this document, i.e. ISO 8407:2021;

the proc
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any unus
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rolytic procedures, the composition and concentration of the chemieals employed
ion according to Table A.2, the solution temperature, the anodé-material, the cu
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anical procedures, the specific mechanical method employed{(e.g. bristle-brush scrul
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U
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loss due to corrosion (see 4.1.6);
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Annex A
(informative)

Chemical and electrolytic cleaning procedures for removal of
corrosion products

A.1 |General

In th¢ development of this document, a number of sources were consulted to identify ¢hemical and
electrjolytic cleaning procedures. This annex summarizes the results of this suryéy.

Prior[to adopting these cleaning procedures, the user should conduct a test onijgontrol samples to ensure
the effficiency of the chosen method.

A.2 |Procedures

Tablep A.1 and A.2 summarize various chemical and electrolyti¢ cleaning procedures for the removal of
corrofion products. The specific choice of procedure for a given material will depend on many factors,
including previous experience. If more than one chemical 6r-electrolytic cleaning procedute is given for
ametpl, the procedures are usually listed in the preferred order. This document should be fonsulted for
guidance in the proper application of the procedures in'Tables A.1 and A.2.

The times specified represent recommendations-appropriate for mass-loss studies in the context of
Figure 1. However, when the cleaning procedure is adopted for other purposes, e.g. cleaning of fracture
surfages for inspection using a microscopejorif the specimens are significantly corroded, the exposure
time may be longer.

WARNING — When working with dangerous substances (such as cyanide, chromiyum trioxide,
zinc dust), all necessary safetyprecautions shall be taken.

© IS0 2021 - All rights reserved 5
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Table A.1 — Chemical cleaning procedures for removal of corrosion products

eyes. Read the safety sheets.

Des.lgna- Material Chemical products T_otal Tempera- Remarks
tion time ture
1 min to To avoid reactions that may result in excessive

C.11 Nitric acid (HNOs, p = 1,42 g/ml) 5 min 20 °Cto 25 °C|removal of base metal, remove extraneous

Alumini deposits and bulky corrosion products.

uminium
and 50 ml of phosphoric acid

aluminium | (H3PO,, p=1,69 g/ml) Boil gently.
C.1.2 alloys 20 g of chromium trioxide 5 min to 80°Cto If corrosion-product films remain, then

o (Cro.) 10 min hoiling follow with the nitric acid procedure as for
Add the above chemicals to designation C.1.1.
distilled water to make 1 000 ml
50 g of sulfonic acid 5 min to

c.21 Add the above chemical to 10 min 20°Cto25°C
distilled water to make 1 000 ml
500ml of hydrochloric acid Deaerate solution with-inert gas.
C.2.2a (HCL, p=1,19 g/ml) 5 min to 20°C to 25 °C Brushing of test specimens to remove cojfrosion

- Add the above chemical to 10 min products followed by reimmersion for 3Jto 4 s

distilled water to make 1 000 ml is recommended-
Copper 54 ml of sulfuric acid Deaerate soJution with inert gas.
C2.3 and (H,S0y4, p=1,84g/ml) 1 min to 20°C to 25 °C Brushing of tést specimens to remove cojfrosion

o copperalloys | Aqd the above chemical to 10 min produetsifollowed by reimmersion for 3 to 4 s
distilled water to make 1 000 ml is recommended.

54 ml of sulfuric acid
H,S0,,p=1,84g/ml Dissolution of corrosion products is accelerated
2°Y4
C.2.4 44 ml of hydrogen peroxide 30sto 20 °C to 25°C by hydrogen peroxide.

o (H,0,,p=1,13 g/ml) 10 min This solution should be suitable for remoping
Add the above chemicals to thick corrosion compounds.
distilled water to make 1 000 ml

Mechanical cleaning treatment should fixst be
applied to remove thicker corrosion products
S to reduce the picking time.
?g(c)lml?flhi/gr(};lllll)orlc acid Solution should be stirred with ultrasonif
35 '(l))f_he)'(amgeth lenete- Genin to agitation. An increased number of pickling
c.3.1 ttiargline y 25 min 20 °Cto 25 °C|intervals or longer time may be required|in
Add the above chemicals to certain circumstances.
distilled water to make 1 080 fl Organic inhibitors such as an Amine-bas¢d
compound should be added for the thickdr cor-
rosion products because Fe(III) ions that|form
during pickling work as an oxidizing ageit.
1 000 ml of hydroc¢hloric acid . . . .
(HCL, p = 1,19.g4m1) i Solutl;)ln S]}(ljotl)ﬂ({)be v}:ggrgus_ly st1rre<(ijor 9 ps(:l-
C.3.22 20 g of antimeny trioxide mm.to 20 °C to 25 °C | Men should be brushed. An Increased nunber
(Sb,04) 25 min of pickling intervals or longer times may pe
S0 é o%tin(ll) chloride (SnCl) required in certain circumstances.
500'ml of hydrochloric acid . . . .
(BCL, p = 1,19 g/ml) i Solutlﬁn sll:iotl.)xlc{)be v}iggrgus_ly stlrrectiior S p§c1-
C.3.3 5 g of 1,3-di-n-butyl-2-thiourea min to 20 °C to 25 °c | Men should be brushed. An Increased nunber
Add thé above chemicals to 5 min of pickling intervals or longer times may pe
distilled water to make 1 000 ml required in certain circumstances.
200 g of sodium hyr‘rnviﬂp Caution should be exercised in the use of ny
(NaOH) zinc dust since spontaneous ignition upon
C.3.4b Iron and steel 20 g granulated zinc or zinc 30 min to 80°Cto exposure to air can occur.

- chips 40 min 90 °C This method is useful to remove corrosion
Add NaOH to distilled water to products in the presence of organic product
make 1 000 ml such as oil or paint.

2.00 g of diammonium hydrogen This method is specified in ISO 9227 and is
citrate [(NH,),HC4H50] . o o . S
C.3.5 Add the above chemical to 10 min 23°C useful when it is not possible to use an acidic
. solution.
distilled water to make 1 000 ml
a WARNING — Care shall be taken when handling hexavalent chromium (Cr(VI)) as this acid has negative environmental effects and will cause severe
damage if it comes into contact with the skin or the mucous membrane. Read the safety sheets.
b WARNING — Care shall be taken when handling sodium hydroxide (NaOH) as this hot alkaline will cause severe damage if it comes into contact with
the skin or eyes. Read the safety sheets.
¢ WARNING — Care shall be taken when handling hydrofluoric acid (HF), as this acid will cause severe damage if it comes into contact with the skin or

© ISO 2021 - All rights reserved
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900 ml of distilled water

Designa- Material Chemical products Total Tempera- Remarks
tion time ture
200 g of dlammonium hydrogen
citrate [(NH4),HCzH50,] . o o | This method should be suitable for removing
€36 Add the above chemical to 20min | 75°Cto90°C thick corrosion compounds.
distilled water to make 1 000 ml
1500 g of ammonium acetate
C4.1 ,(Acdl-([jgtch%(;%gél chemical to 5min |20°Cto 25 °C|Not efficient against sulfide corrosion products.
distilled water to make 1 000 ml
C4.2 Leaiﬁggslead 1 % mass fraction hydrochloric | 1 minto 20°C to 25 °C Suitable even for removing sulfide corrosion
: dl,il,‘l IU lllill }Jl UL‘IULLD-
} . Suitable even for removing'sulffde corrosion
0, -
C.4J3 :3: ﬁzirgass fraction hydrochlo 1181;:11510 20°C to 25 °C | products, however highércerrdsion rate may
’ occur for clean lead.
20 g of barium nitrate [Ba(NO3],] should be
200 g of chromium trioxide added to precipitate sulfate. 10|g of silver
(Cr0g3) . o o~ | nitrate (AgNO3)' may be added tjo precipitate
C.5qe Add the above chemical to 1 min 20°Cto25°C chloride.
; distilled water to make 1 000 ml Add the above chemicals to distilled water to
Magnesium
and magnesi- make\l 000 ml.
um alloys 10'g)of sil h
. I gof silver chromate (Ag,Cr(,) may be added
ggr()og)of chromium trioxide to precipitate chloride.
C.5.p2 Add t3he above chemical to 1 min Boiling Add the above chemical to distifled water to
distilled water to make 1 000 ml ma_ke 1000 ml.
Boil gently.
150 ml of hydrochloric acid
(HCI, p=1,19 g/ml) 1 min to o o
C.oft Add the above chemical to 3 min 20 °Cto25°C
Nickel and | distilled water to make 1 000 ml
nickel alloys | 100 m] of sulfuric acid
(H,S04,p=1,84 g/ml) 1'min to o o
c.62 Add the above chemical to 3 min 20°Cto25°C
distilled water to make 1 000"m}
%g%gll of_mlt;-lzc ajlmdl) May not be suitable for low Cr sfainless steels,
C.711 Add t}31’epa;)o"/e Cﬁemical o 20 min 60 °C e.g. 13 % mass fraction Cr steel| due to mass
distilled water tg_ make 1 000 ml loss of the base metal.
?HOI(\)Kr)nl Of_fnlt:_l; a;ig]) Start at room temperature.
c.7p Add tﬁ'e”ago",e Cﬁemical o 60 min |20 °Cto 25 °C|Heat, if necessary, to 60 °C.
distilled\water to make 1 000 ml Suitable for most stainless steels.
?gglmlfflhfgr(;;}:ll)onc acid Suitable for most stainless steels, but gives
chk g P08 . 20sto o o~ | more mass loss of the base metjl than
. g of 1,3-di-n-butyl-2-thiourea 30 20°Cto 25°C desi ion C.7.2. Th 1 is still
Add the above chemical to S es(ljgnatlon .7.2. The mass los$ is sti
distilled water to make 1 000 ml moderate.
Start at room temperature. Healt, if necessary,
to 40 °C.
100 g of oxalic acid Steel grade 1.4462 was exposed for 10 h at
C.74 Add the above chemical to 120 min |20°Cto 25°C|room temperature with no mags loss measured.
900 mlofdistilled water Mavnothe suitable for low Cr iain]ess steels,
e.g. 13 % mass fraction Cr steel, due to mass
loss of the base metal.
Steel grade 1.4462 was exposed for 1 hat 40 °C
100 g of oxalic acid with no mass loss measured.
C.7.5 Add the above chemical to 60 min 40 °C May not be suitable for low Cr stainless steels,

e.g. 13 % mass fraction Cr steel, due to mass

loss of the base metal.

a WARNING — Care shall be taken when handling hexavalent chromium (Cr(VI)) as this acid has negative environmental effects and will cause severe
damage if it comes into contact with the skin or the mucous membrane. Read the safety sheets.

b WARNING — Care shall be taken when handling sodium hydroxide (NaOH) as this hot alkaline will cause severe damage if it comes into contact with
the skin or eyes. Read the safety sheets.

¢ WARNING — Care shall be taken when handling hydrofluoric acid (HF), as this acid will cause severe damage if it comes into contact with the skin or
eyes. Read the safety sheets.

© IS0 2021 - All rights reserved
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damage if it comes into contact with the skin or the mucous membrane. Read the safety sheets.

Table A.1 (continued)
Designa- Material Chemical products Total Tempera- Remarks
tion time ture
Stainless ?goprgl Opf ]ihlo;ghgo/l;;cl)aad May not be suitable for low Cr stainless steels,
C.7.6 steels Ad?:l thg above chemical to 60 min [20°Cto 25°C|e.g. 13 % mass fraction Cr steel, due to mass
distilled water to make 1 000 ml loss of the base metal.
150 g of dlammonium hydrogen
citrate 10 min to 70°C to Control of temperature in the solution is easier
c7.7 [(NH,),HC4H50,] 60 min boilin in boiling.
Add the above chemical to 8 Boil gently.
distilled water to make 1 000 ml
15U s dellllllUlliulll l,‘li‘ll_yl.‘ll Usl‘,‘ll
citrate 10 min to
C.7.8 [(NH4)H,CcH50] 60 min Boiling Boil gently.
Add the above chemical to
distilled water to make 1 000 ml
100 ml of nitric acid
géljn(ﬁ')?h_}/cll’rtzfl%{)rglg acid This solution may effect-en the mass of ti{e
[HF, p = 1,155 g/ml (47 % mass 1 min to base metal, especially, of low Cr stainless|steels,
C.7.9¢ frac'tion éF to 53 % mass frac- 20 min 20°Cto 25°C |e.g. 13 % mass fractien Cr stainless steel'l Use
tion HF)] plastic equipmentas glass equipment corrodes
Add the above chemicals to in hydrofluoric acid solutions.
distilled water to make 1 000 ml
150 g of trisodium phosphates
dodecahydrate
C.8.1 (NagP0,+12H,0) 10 min Boiling | Boil gently.
Add the above chemical to
Tinandtin | distilled water to make 1 000 ml
alloys
50 ml of hydrochloric acid
HCl, p=1,19 g/ml . o
€82 .g.dd tﬁe abovegc/her?ﬂical to 10 min $0°C
distilled water to make 1 000 ml
250 g of glycine (NH,CH,COOH) 1 m%&d
co.1 Add the above chemical to +0-min 20 °Cto 25 °C|Solution is only used for zinc and zinc codting.
distilled water to make 1 000 ml
Solution is suitable for zinc, pure zinc codting
and other zinc coating alloyed with magrlesium,
aluminium or iron.
200 g of chromium triexide For chloride-contaminated specimens, 1 g of
€.9.2a (Cr03) 1 min to RT to 80 °C silver nitrate (AgNO3) per 1 000 ml solutfon
o Add the above chemical to 60 min or prior cleaning with ammonium chrompte
distilled water to make 1 000 ml (20 gammonium dichromate in 500 ml d|stilled
water added with 500 ml aqueous ammohia)
Zipc and zinc should be added to prevent hydrochloric pcid
alloys attack on the base metal.

This solution is effective for removing a §mall
aQ@ of diammonium dichro- amount of the corrosion products. If mask loss
whte[(NH,),Cr,0.)] is smaller than the resolution of the balances,
Add the at?o%/e czhe7mical to the solution after removing the corrosion prod-
distilled water to make 490 ml uct can be quantitatively analysed by inductive-

C.9.32 Add 490 g of 25 % to 30 mass 15min |20°Cto 25°C|ly coupled plasma (ICP) and atomic absoyption
fraction ammonia water (ammo- [AA)_analyses to determine the mass losq of
. . . Dpl;‘l,lllll;‘llb.
gtl)lg‘r/le}?g;(t);gge' NH,OH) to the This method should not be used for zinc
' coatings alloyed with magnesium and/or
aluminium.
a WARNING — Care shall be taken when handling hexavalent chromium (Cr(VI)) as this acid has negative environmental effects and will cause severe

b WARNING — Care shall be taken when handling sodium hydroxide (NaOH) as this hot alkaline will cause severe damage if it comes into contact with
the skin or eyes. Read the safety sheets.

¢ WARNING — Care shall be taken when handling hydrofluoric acid (HF), as this acid will cause severe damage if it comes into contact with the skin or
eyes. Read the safety sheets.
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