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Introduction

ttis—important to beabfe to determme the extent of pitting, either in a
service application where it is necessary to estimate the remgining life in a
metal structure, or in laboratory test programmes that @re’used to select
pitting-resistant materials for a particular service (see [1]Nn an]ex B).

The application of the materials to be tested will determine fhe minimum
pit size to be evaluated and whether total area.covered, average pit depth,
maximum pit depth or another criterion is the, most important fo measure.
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Corrosion of metals and alloys — Evaluation of pitting
corrosion

1 Scope

This Interpational Standard gives guidance on the

selection
identificatig

bf procedures that can be used in the

n and examination of pits and in the

evaluation pf pitting corrosion.

2 Norm

The follow
through re
this Interng
the edition
ject to rev
this Intern
gate the pq

ative reference

ing standard contains provisions which,
erence in this text, constitute provisions of
tional Standard. At the time of publication,
indicated was valid. All standards are sub-
sion, and parties to agreements baséd-on
tional Standard are encouraged to“investi-
ssibility of applying the most recent’edition

of the standard indicated below. Members of IEC and

ISO maints
Standards.

ISO 8407:
Removal d
specimens

in registers of currently valid-international

1991, Corrosion of-metals and alloys -
f corrosion products’ from corrosion test

3 Identification'and examination of pits

3.1 Visu

alinspection

removal of particulate corrosion products should be
followed and reserved for future identificdtion.

3.1.2 To exposecthe pits fully, it is r§commended
that cleaning pracedures should be usef to remove
the corrosiopfproducts and avoid solutior]s that attack
the base pnetal excessively (see ISO 840f). It may be

advisable during cleaning to probe the
pointed\tool to determine the extent of
or subsurface corrosion (see figure 1
serubbing with a stiff-bristle brush will g
the pit openings sufficiently by removal

pits with a
undercutting
). However,
ften enlarge
of corrosion

products or undercut metal to make the pits easier to

evaluate.

3.1.3 Examine the cleaned metal surfg
mine the approximate size and distribd
Follow this procedure by a more detailed
through a microscope using low
(approximately x 20).

ce to deter-
tion of pits.
examination

imagnification

3.1.4 Determine the size, shape and denkity of pits.

3.1.4.1 Pits may have various sizes and shapes. A
visual examination of the metal surface may show a
round, elongated or irregular opening, but it seldom

provides an accurate indication of corros
the surface. Thus it is often necessary f{
tion the pit to see its actual shape and to

ion beneath
O Cross-sec-
letermine its

true depth. Several variations in the cross-sectioned

shape of pits are shown in figure 1.

A visual examination of the corroded metal surface
with or without the use of a low-power magnifying

glass may
rosion and

be used to determine the extent of cor-
the apparent location of pits. It is often

advisable to photograph the corroded surface so that
it can be compared with the clean surface after the

removal of

3.1.1

corrosion products.

If the metal specimen has been exposed to an

unknown environment, the composition of the cor-
rosion products may be of value in determining the
cause of corrosion. Recommended procedures in the

3.1.4.2 It is difficult to determine pit density by
counting pits through a microscope eyepiece, but the
task may be made easier by the use of a plastic grid.
Place the grid, containing 3 mm to 6 mm squares, on
the metal surface. Count and record the number of
pits in each square, and move across the grid in a sys-
tematic manner until all the surface has been covered.
This approach minimizes eye-strain because the eyes
can be taken from the field of view without fear of
losing the area of interest. Enlarged photographs of
the area of interest may also be used to reduce eye-
strain.
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a) Narrow, deep b) Eliliptical

(&4

d) Subsurface

c) Wide, shallow

g

e) Undercutting

3.1.5 To car
ect and cut g
surface cont]

(Horizontal)

'y out a metallographic examination sel-
ut a representative portion of the metal
pining the pits and prepare a metal-

lographic spe|

cimen in accordance with recommended

in cross-sectipn, it may be necessary to fix the surface

procedures. I’chorrosion products are to be examined

in a mounti
microscopica
relation betw
or whether th
sulted from

rosion, deallo

3.2 Non-d

A number of
in the detecti
without dest
These metho
fining the shd
described, bu

g compound before cutting. Examine
ly to determine whether there~is-a
ben pits and inclusions or microstructure,
e cavities are true pits or might have re-
metal loss caused by intergranular cor-
ying, etc.

pstructive inspection

techniques has.bleen developed to assist
bn of cracks,or cavities in a metal surface
oying the material. See [1] in annex B.
ds are.less effective for locating and de-
pe’of pits than some of those previously

t'they merit consideration because they

f) Microstructural orientation

Figure 1 — Variations in the cross-sectional- shape of pits

(Vertical)

metal thickness to be detected. This tecHnique has
only<slight application to pitting detection, bpt it might
be, useful for comparing specimens beforel and after
gorrosion to determine whether pitting ha$ occurred
and whether it is associated with previous porosity. It
may also be useful to determine the extent|of subsur-
face and undercutting pitting (see figure 1).

3.2.2 Electromagnetic

3.2.2.1 Eddy currents may be used to detdct defects
or irregularities in the structure of electrically conduc-
tive materials. When a specimen is exppsed to a
varying magnetic field, produced by connecting an
alternating current to a coil, eddy currents afe induced
in the specimen and they in turn produce d§ magnetic
field of their own. Materials with defects wjll produce
a magnetic field that is different from that jof a refer-
ence material without defects, and an apprppriate de-
tection instrument is required to determine| these dif-
ferences.

are often use

d in situ, and thus are more applicable to

field applications.

3.2.1 Radiographic

Radiation, such as X-rays, passes through the object.
The intensity of the emergent rays varies with the
thickness of the material. Imperfections may be de-
tected if they cause a change in the absorption of X-
rays. Detectors or films are used to provide an image
of interior imperfections. The metal thickness that can
be inspected is dependent on the available energy
output. Pores or pits must be as large as 0,5 % of the

3.2.2.2 The induction of a magnetic field in ferro-
magnetic materials is another approach that is used.
Discontinuities that are transverse to the direction of
the magnetic field cause a leakage field to form above
the surface of the part. Ferromagnetic particles are
placed on the surface to detect the leakage field and
to outline the size and shape of the discontinuities.
Rather small imperfections can be detected by this
method. However, the method is limited by the re-
quired directionality of defects to the magnetic field,
by the possible need for demagnetization of the ma-
terial and by the limited shape of parts that can be
examined.
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3.2.3 Sonics

In the use of ultrasonics, pulses of sound energy are
transmitted through a couplant, such as oil or water,
on to the metal surface where waves are generated.
The reflected echoes are converted to electrical sig-
nals that can be interpreted to show the location of
flaws or pits. Both contact and immersion methods
are used. The test shall be carried out from the non-
pitted face. The test has good sensitivity, although it is
unlikely to detect pits of less than 1 mm diameter or
within 1 mm of a non-pitted face, and provides instan-
taneous information about the size and location of

ﬂaWS Ho\ /a\/nr rn’FArnnr\r\ o+on'rlards are—f rnrtiradd far

ISO 11463:1995(E)

4.2 Pit depth measurement

4.2.1 Metallography

Pit depth may be determined by sectioning vertically
through a preselected pit, mounting the cross-sec-
tioned pit metallographically and polishing the surface.
A better or alternative way is to section slightly away
from the pit and slowly grind until the pit is in the
cross-section. Sectioning through a pit can be difficult
and one may miss the deepest portion. The depth of
the pit is measured on the flat, polished surface by the
use of a microscope with a calibrated eyepiece. The

oo T oquTTT ST TOT

comparisop and training is needed to interpret the re-
sults properly.

3.2.4 Penetrants

Defects opening to the surface can be detected by
the applidation of a penetrating liquid that sub-
sequently lexudes from the surface after the excess
penetrant has been removed. Defects are located by
spraying the surface with a developer that reacts with
a dye in thp penetrant, or the penetrant may contain a
fluorescent material that is viewed under ultra-violet
light. The gize of the defect is shown by the intensity
of the colgur and the rate of bleed-out. This technique
provides oply an approximation of the depth and size
of pits.

3.2.5 Reglication

Images of [a pitted surface can be created by applyidg
a material fo the surface which conforms to the sfiape
of the pits|and can be removed without damaging its
shape. Thi$ method will not work however, for pits of
subsurfacqd or undercut type. The remaved material
contains d replica of the original surface which, in
some casgs, is easier to analyze than the original.
Replicatior] is particularly usefulfor“analysis of very
small pits.

4 Extent of pitting

4.1 Mass loss

Metal magscloss is not ordinarily recommended for
use as a nheasure n'F +hn oxtent A’F Nittiney

mMetnod IS Very accurate, but it requires g
skill and good judment in the selection-t
good technique in cutting thrdugh

limitations are that it is time-consuming,
pit may not have been selected’and the

ood operator
f the pit and
the pit. Its
the deepest
pit may not

have been sectioned at \the deepest point of
penetration. The method; however, is the only suit-

able for the evaluation(of, the pit shape as
4.2.2 Machining

See [2] and43]'in annex B.

4.2.2.1This method requires a sample
regulardn shape, and it usually involves

in figure 1.

that is fairly
the destruc-

tionZof the specimen. Measure the thickness of the

specimen between two areas that have

not been af-

fected by general corrosion. Select a pprtion of the

surface on one side of the specimen thg
unaffected; then machine the opposite s
the pits are located on a precision lathe,
until all signs of corrosion have disapp
difficulty from galling and smearing ma
tered with soft metals and pits may b
Conversely, inclusions may be remov
metal thus confusing examination. Meas
ness of the specimen between the unaffd
and subtract from the original thickness

the unmachined surface unless the t

t is relatively
Lirface where

grinder or mill

bared. Some
be encoun-
obliterated.
d from the
ire the thick-
cted surface
to give the

ickness has

maximum depth of pitting. Repeat this iwocedure on

been reduced by 50 % or more during t
of the first side.

4.2.2.2 This method is equally suitable
ing the number of pits with specific depth
visible pits then machine away the su

e machining

or determin-
s. Count the
rface of the

metal in measured stages and count th

e number of

o |\1|LL||I3 UII!\;JJ ypll

eral corrosion is slight and pitting is fairly severe. If
uniform corrosion is significant, the contribution of
pitting to total metal loss is small, and pitting damage
cannot be determined accurately from mass loss. In
any case, mass loss can only provide information
about total metal loss due to pitting but nothing about
density of pits and depth of penetration. However,
mass loss should not be neglected in every case be-
cause it may be of value; for example, mass loss
along with a visual comparison of pitted surfaces may
be adequate to evaluate the pitting resistance of alloys
in laboratory tests. Mass loss may also be useful to
detect the existence of subsurface metal loss.

visible pits remaining at each stage. Subtract the
number of pits at each stage from the count at the
previous stage to obtain the number of pits at each
depth of cut. Count at the previous stage to obtain the
number of pits at each depth of cut.

4.2.3 Micrometer or depth gauge

4.2.3.1 This method is based on the use of a pointed
needle attached to a micrometer or calibrated depth
gauge to penetrate the pit cavity. Remove surrounding
corrosion products or debris thoroughly then zero the
instrument on an unaffected area at the lip of the pit.
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Insert the needle in the pit until it reaches the base.
The distance travelled by the needle is the depth of
the pit. It is best to use constant-tension instruments
to minimize metal penetration at the base of the pit. It
may be advantageous to use a stereomicroscope in
conjunction with this technigue so that the pit can be
maghnified to ensure that the needle point is at the
bottom of the pit. The method is limited to pits that
have a sufficiently large opening to accommodate the
needle without obstruction. This eliminates those pits

which have

orientation.

undercutting or strong directional

4+

© |SO

reflected light from these two surfaces is recombined,
and interference fringes are formed that provide a
topographical map of the specimen surface. These
fringes can be used to measure vertical deviations on
the metal surface. However, the method is limited to
the shallower pits, that is, less than 25 ym, because
the number of fringes increases to the point where
they are difficult to count.

5 Evaluation of pitting

4232 Ina
to a spheron
meter and b
annex B). W
pit, it compl
movement

method s

because con
debris would

vaftater-otthismethed attachthe probe
neter and connect it through a microam-
httery to the specimen (see [3] and [4] in
nen the probe touches the bottom of the
btes the electrical circuit and the probe
s a measurement of pit depth. This
imited to very regularly shaped pits
act with the side of the pit or conductive
give a false reading.

4.2.4 Microscopy

This method
narrow or di
instrument. T
light can be
would not b
figure 1.

4.2.41 Use
nification ran
fine-focus kn
If the latter i

is particularly valuable when pits are too
ficult to penetrate with a probe type of
he method is amenable to use as long as
focused on the bottom of the pit. This
p possible in the case of example (e) in

a metallurgical microscope with a mag-
ge from X 50 to X 500 and a calibrated
ob (for example, 1 division £ 0,001 mm):
5 not available, a dial micrometer/can be

attached to fhe microscope in such a way that-it will

show movs
microscope |

4242 |oc3
centre it und
low magnifio
lens magnifig
field under Vv
lip of the pit,
focusing kn
readings fror
bottom of th

ment of the stage relative. to the

ody.

te a single pit on the'metal surface and
br the objective lensCoefthe microscope at
ation (e.g., X 50)CIncrease the objective
ation until the pit)area covers most of the
ew. Focus_thé~specimen surface at the
using first\the coarse and then the fine-
pbs of_the microscope. Record initial
n the(fine-focusing knob, refocus on the
e pit'with the fine-focusing knob, and re-

cord the rea

ding The difference between the initial

5.1 General

There are several ways in which pitting ¢an be de-
scribed, given a gquantitative expréssion to |ndicate its
significance or used to predict the life of p material.
Some of the more commonly.'Used methgds are de-
scribed in this clause, although it is often [found that
no single method is sufficient by itself.

5.2 Standard.charts
See [3] in annex'B.

5.2.1 Rate the pits in terms of density| size and
depth-on the basis of standard charts, such as those
shewn in figure 2. Columns A and B relate| to the ex-
tent of pitting at the surface of the methl (that is,
column A is a means for rating the numbgr of sites
per unit area and column B a means for showing the
average size of these sites). Column C|rates the
intensity or average depth of attack. A typical rating
might be A-3, B-2, C-3, representing a [density of
5% 104 pits/m?, an average pit opening of 2 mm? and
an average pit depth of 1,6 mm.

5.2.2 This method offers an effective [means of
communication between those who are familiar with
the charts and it is a simple means of storipg data for
comparison with other test results. Howevd, it is tedi-
ous and time consuming to measure all pits and the
time is usually not justified because maximum values
(e.g. pit depths) usually have more signifigance than
average values.

5.3 Metal penetration

and the final
pit depth.

readings on the fine-focusing knob is the

4.2.4.3 Repeat the steps in 4.2.4.2 to obtain ad-
ditional measurements or until satisfactory duplication
has been obtained. The repeatability of pit depth
measurements on a single pit at four magnifications is
shown in annex A.

4.2.4.4 A variation of this technique employs the use
of an interference microscope. A beam of light is split
and one portion is projected on to the specimen and
the other on to the surface of a reference mirror. The

5.3.1 Measure the deepest pit and express metal
penetration in terms of the maximum pit depth or the
average of the ten deepest pits or preferably both.
This type of measurement is particularly significant
when the metal is associated with an enclosure for a
gas or liquid, and a hole could lead to a loss of fluid.

5.3.2 Metal penetration may also be expressed in
terms of a pitting factor. This is the ratio of the deep-
est metal penetration to the average metal penetra-
tion, determined from mass loss, as shown in the fol-
lowing relationship.
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A B c
DENSITY SIZE DEPTH
1 ' .
2,5 x 103/m? 0,5 mm? 0,4 mm
2 . . : Y o ————
1 x 104/m? 2,0 mm? 0,8 mm
3 ..‘: . ’. :':.‘ (] E——
5 x 104/m? 8,0 mm? 1.6.mm
1 x 105/m? 12,5 mm? 3,2mm

5 x 105/m?

itti al penetration
Pittind factor = deepestmetal penet atfo
average/metal penetration

A pitting fgctor of 1<represents uniform corrosion. The
larger the| number; the greater the depth of pen-
etration. Tlhefactor does not apply in those cases
where piftibg or general corrosion is very small

24,5 mm?

Figure 2 — Standard rating charts for pits

6,4 mm

5.4.2 The probability that pits will initiate on a metal
surface is dependent on a number of fagtors, such as
the pitting tendency of the metal, the forrosivity of
the solution, the specimen area and thg time of ex-
posure. A pitting probability test can be fonducted to
determine the susceptibility of metals to|pitting, but it
will not provide information about the rate of propa-
gation and the results are only applicablg to the con-

because vatues of zero or nfimity canm Teadity be
obtained when dealing with a ratio where one number
approaches zero.

5.4 Statistical

5.4.1 The application of statistics to the analysis of
corrosion data is discussed briefly in this document to
show that statistics have a bearing on the evaluation
of pitting data. More detailed information can be ob-
tained from other publications (see [11] and [12] in an-
nex B).

ditions of exposure. The pitting probability, P, in %
after the exposure of a number of specimens to a
particular set of conditions can be expressed as
follows:

Np
P=—=x100
N
where
N, is the number of specimens that pit;

N s the total number of specimens.
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See [6] and [6] in annex B.

5.4.3 The relationship between pit depth and area or
time of exposure may vary with the environment, the
metal exposed and other variables. The relationships
cited in 5.4.3.1 and 5.4.3.2 are examples that have
been found to apply under certain exposure con-
ditions.

5.4.3.1 The following relationship was found be-
tween the maximum pit depth, D, and the area, A, of a

pipeline exposed to soil.

©|SO

5.5 Loss in mechanical properties

If pitting is the predominant form of corrosion and the
density of pitting is relatively high, the change in a
mechanical property may be used advantageously to
evaluate the degree of pitting. Typical properties that
are considered for this purpose are strength, impact
resistance and burst pressure (see [13] and [14] in
annex B).

5.5.1 The precautions that must be taken in the ap-
plication of these mechanical test procedures are
covered in most standard methods, but it must be

D = bA4
where a and

when the log

b are constants derived from the slope

rithms of the mean pit depth for suc-

and the y-int]arcept of a straight line curve obtained

cessively inc
against the log

See [7], [8] an

The dependan

easing areas on the pipe are plotted
jarithms of the corresponding areas.

H [9] in annex B.

ce on area is attributed to the increased

chance for th¢ deepest pit to be found when the size

of the sampl
creased area

5.43.2 Then
posed to vari
cube root of
lationship:

D = Kt'R

where K is a
position of thg

See [6] and [1

This relations
aluminium allq

5.4.4 Extrem
and [12] in an
maximum pit
depth of a larg
ination of a si
[10] in anne
specimens th

e of pits is increased through an in-
f corroded surface.

naximum pit depth, D, of aluminium ex-
bus waters was found to vary as the
time, t, as shown in the following re-

constant that is a function of the com:
water and alloy.

D] in annex B.

hip has been found to dpply to several
ys exposed to different'waters.

e value probability,“statistics (see [11]
nex B) have beén)successfully applied to
depth data to€Stimate the maximum pit
e area of'material on the basis of exam-
nall portion of that area (see [3], [5] and
x B).\»The procedure is to measure
bt-have pitted, and then arrange the pit

depth values

n=order of mr\ronemn rnnI/ A nlnﬂ-mg

stressed-thatttistmportant-touseasrearty replicate
specimens as possible for both the expdsed and un-
exposed specimens. Thus, consideration ghould be
given to sample geometry and edge. effects| direction
of rolling, surface condition, etc.

5.5.2 Representative specimens of the metal are ex-
posed to the same conditions, except the|corrosive
environment. The mechanical properties of the ex-
posed and unexposed specimens are measlired after
exposure. The diffetence between the two [results is
attributed to corrosion.

5.5.3 Some,  of these methods are morg properly
suited té the evaluation of other forms off localized
corrosion, such as intergranular or stress corfosion, so
theirJimitations must be considered. The offen erratic
nature of pitting and the location of pits on the speci-
men can affect results. In some cases the fhange in
mechanical properties due to pitting may be[too small
to provide meaningful results. Probably one of the
most difficult problems is to separate the effects due
to pitting from those caused by some othdr form of
corrosion.

6 Report

The report should include as much detailed infor-
mation as possible, such as the following:

a) material composition and product form|, supplier
and production details, metallurgical treatment of
the metal, surface preparation and fingl surface
finish before exposure to test or to servite;

position for each order of ranking |s obtalned by sub-
stituting in the relation, M/(n+1), where M is the order
of ranking and n is the total number of specimens or
values. For example, the plotting position for the sec-
ond value out of 10 would be 2/(10+1)=0,1818.
These values are plotted on the ordinate of extreme
value probability paper versus their respective maxi-
mum pit depth. If a straight line is obtained, it shows
that extreme value statistics apply. Extrapolation of
the straight line can be used to determine the prob-
ability that a specific depth will occur or the number of
observations that must be made to find a particular pit
depth.

b) environmental conditions and duration of ex-
posure;

¢) appearance of the corroded surface before and
after cleaning;

d) identification of corrosion products and distri-
bution;

e) characterization of pits including: size, shape,
density, uniformity of distribution, depth (average
and maximum) and location of pits with reference
to microstructure, face, edge, crevice, etc.;
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f)  change in mechanical properties as the result of 7 Additional information
corrosion and the method by which determined;

More detailed information on evaluation of pitting cor-

g) statistical information. rosion is contained in the literature listed in annex B.
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Annex A
(informative)

Repeatability of measurements by use of a microscope

A.1 Repeatability of pit depth measurements on a

Table A.1 — Microscopic pit depth

single pit at f

ur magnifications 15 shown in 1apie A1

A.2 The da"t in Table A.1 indicate that as the magni-

fication is inc
average pit d
0,774 mm to
ment improv
shown in A.3
ment.

A.3 The pif
Was Cross-s§
through a mi

shown in Fig.

section is O
agreement w|
and shown in

A.4 Pit dep
range from 0,

The only limif
with the rang
knob on the

ased (that is, from X 65 to X 370), the
epth that is measured decreases from
0,151 mm. Repeatability of measure-
ps with magnification, and, as will be
accuracy also shows marked improve-

used for measurements in Table A.1
ctioned and photographed at X 100
Lroscope with a micrometer reticle. As
A.1, the depth measured in cross-
152 mm. This result is in excellent
th that found under high magnification
Table A.1.

th measurements were made over.the
D4 t0 0,34 mm.

ation to this method is that)associated
of movement of the calibrated focusing
icroscope.

© IS0

Magnification

Pit depth {n

hm)

65

0,183
0,159
0,179

0,174 averd

132

0,159
0,16

0,155
0,159

0,158 averd

200

0,149
0,157
0,15

0,153
0,152 averd

ge

370

0.151
0,151
0,152

0,151 averg

ge
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