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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
electrotechnical standardization.

Internationg-Standards-are-draftedinracecordanece-with-theridesgiveninthe ISOHECDreetives;Part 2.
The main thsk of technical committees is to prepare International Standards. Draft Internatjonal
Standards gdopted by the technical committees are circulated to the member bodies for vqting.
Publication [as an International Standard requires approval by at least 75 % of the mémber bpdies
casting a voge.

ISO 26146 wWas prepared by Technical Committee ISO/TC 156, Corrosion of metals-and alloys.
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Corrosion of metals and alloys — Method for
metallographic examination of samples after exposure to
high-temperature corrosive environments

1 Scope

This|International Standard covers examination of samples that have previously beéen|exposed to
corrgsive environments at high temperatures.

This|International Standard covers the classification, identification, and thicknes§imeasurgment of any
corrgsion layer forming during the exposure.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this docunjent and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referfences, the latest edition of the referenced document (including any amendments) applies.

ISO 3611, Geometrical product specifications (GPS) — Dimeunsional measuring equipment: Midrometers for
extennal measurements — Design and metrological chargsteristics

ISO 13385-1, Geometrical product specifications (GRS) — Dimensional measuring equipment — Part 1:
Callipers; Design and metrological characteristics,

3 Terms and definitions

For the purposes of this document, thefollowing terms and definitions apply.
NOTH Figure 1 provides a diagkammatic representation of appropriate parameters.

31
original metal surface
surfdce of the metallie sample before coating or exposure to the corrosive environment

3.2
original coatingsurface
surfdce of the'eoating after final processing treatment but before exposure to the corrosive gnvironment

3.3
interdiffusion zone
region around the original interface between coating and substrate that, during exposure, has changed
composition through diffusion processes between the coating and the substrate

34

deposit

chemically active liquid or solid species that are placed in contact with or are deposited on the test piece
before and/or during exposure

EXAMPLE Salts, fly ashes, chars, and molten metals.

3.5

deposit thickness

distance, normal to the test piece surface, between the outer extent of corrosion product and the surface
of the deposit layer

© IS0 2012 - All rights reserved 1
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3.6
coating

:2012(E)

layer of material applied to a metal surface to provide protection

3.7

coating thickness
distance, normal to the test piece surface, between the original metal surface and the surface of the coating

3.8
outward gr
corrosion sc

owing corrosion scale
ale that grows outwards from the original metal or coating surface

39

inward growing corrosion scale

corrosion sd

3.10
external sc
total of outy

3.11
internal co
corrosion pj

Note 1 to ent

3.12
grain boun
corrosion pj

3.13
de-alloyed
zone benea

ale that grows inwards from the original metal or coating surface

ale
yard and inward growing continuous corrosion scales

Frosion
oducts that form beneath any external scale

'y: These usually appear as discrete particles.

fary corrosion
oduct that grows along metal grain boundaries as a particular form of internal corros

zone
h the corrosion scale(s) that exhipits a decrease in the concentration of scale-for

alloy elements

Note 1 to enti

3.14
metal loss
distance bef

3.15
remaining

y: This may be manifested as thedissolution of precipitates originally present in the microstru

ween the original test’piece surface and the boundary with unaffected alloy

sound metal

section of mletal that/has not been affected by corrosion

jon

ming

ture.
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N

6 7

a) Uncoated b).Coated

dubstrate
de-alloyed zone

internal corrosion
éxternal scale
deposit
interdiffusion zone

N O U W

doating

Figure 1 — Identification of individual layers to be measured in exposed test pjieces

4 $ymbols and abbreyiated terms

4.1 | Symbols
X thickness ofindividual layer
t metal thickness

4.2 | Abbreviated terms used as subscripts

The identification of individual layers is through the use of the following subscripts:

© IS0 2012 - All rights reserved 3
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0 initial

og outward growing part of the external corrosion scale

ig inward growing part of the external corrosion scale

tot total thickness of external scale (xtot = Xog + Xig)

in internal corrosion

gb grain boundary corrosion

d deposit

C coating

da de-alloyed

ml metdl loss compared to original dimensions

rm remdining sound metal

5 Requirements

The minimujm requirement for measurementaccuracy is to achievean uncertainty at the 95 % confid
limit of 5 pjm or 5 % of the measured material loss, whicheveris the lesser for all errors, i.e. calibr3
misalignment, both in the vertical and horizontal directions,’and measurement.

Measuremepts shall be carried out under an optical\microscope with an X-Y moving stage or

graticule an|

The measur

d cross wires. The precision of the measurement system shall be to a precision of #1 p

ement system shall be fully calibrated to include orthogonality, traceable to certified l¢

standards 4t intervals no greater than 12'months. The system shall be checked against secon

standards a

6 Testm

[ the beginning and the end of each series of measurements.

ethod

6.1 Test pieces

The size(s)
received fro
of varying s

Three basic

and shape(s)tof the test pieces adopted are governed by the type and form of mat
m the vatious suppliers, e.g. wrought products (bar, rod, plate, strip) or cast products (5
hapes):

Forms of test piece are considered appropriate,i.e.rod, disc, or block. These simple geomsg

ence
tion,

with
m.

ngth
dary

erial
ticks

tries

are easier t

TEaSUTe arnd NETCe 153 Profe to erTors.

Machine tolerances should preferably be better than +0,05 mm; however, on larger test pieces, this

requirement

may be relaxed.

Reference marks are not usually made on test pieces exposed in the laboratory. However, for special
cases or other exposures, e.g. probes in plant, test pieces may contain reference positions sufficient
to identify a specific point within the measurement plane, both pre- and post-exposure. The reference
marks serve as a datum, thus ensuring that repeat measurements are made at identical positions on the
test piece. This can be achieved by use of a reference mark and reference groove. These reference marks
and grooves vary with test piece geometry. Figure 2 shows the reference mark and groove for a block

sample; sim

ilar marks and grooves may be placed on other sample geometries.

© ISO 2012 - All rights reserved
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Key

1 yeference mark

2

6.2

6.2.1

The
test
spec
posit

This
6.2.2
Dimd

Cros
test |

products and deposits are retained. The procedure recommended is as follows.

Inor

coating. A.deposited metallic coating or thermoplastic resin may be suitable depending or

to be

eference groove

Figure 2 — Example of reference mark on block sample

Procedure

Examination prior to exposure

piece shall be measured with a precision-of +0,02 mm by means of the measuring
fied in ISO 3611 and ISO 13385-1. Measurements should be taken at a minimum of eight
ions across the intended section forthe post-test measurements.

forms the basis of the definition‘ef the original metal surface.

Preparation of cross-sections
nsional changes of thetest piece after exposure shall be determined by preparing a me
-section. Particular_care should be taken in preparation of this cross-section to ens
biece is mountedand polished parallel to the intended plane of the cross-section and §

Her to retain the corrosion product and deposit, the test piece shall be protected with an

investigated.

limensions of the uncorroded sample shall be'measured prior to exposure. The dimensions of the

nstruments
equidistant

tallographic
ure that the
111 corrosion

appropriate
the system

Spec

artefacts described below may fulfil this purpose.

men supports may be included in the mount to ensure that the section surface remains planar. The

The test piece may be sectioned before or after mounting. Rod and tube test pieces should be sectioned to
acircular cross-section normal to the primary axis. Disc test pieces should be cut parallel to the primary
axis. Block test pieces should be cut parallel to the longest side. Sectioning details are shown in Figure 3.

If there is arequirement to reveal a cross-section at a specific plane relative to the surface by a reference
mark, the cut should be made at a sufficient distance from that plane to allow for removal of material
during grinding and polishing (see Figure 3).
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Key
1 sectionir
2  referenc

In order to
cross-sectio
Flat test pie
and known
similar met
and the test
piece in the

is shown in |

A mounting
to the surfa
porous scalg

Grinding an
use appropr
example, al}

g cutting
P groove

Figure 3 — Sectioning procedure for test pieces with reference mark

erify that the test piece has been mounted and polished parallel to the intended plane g
n, one or more reference artefacts of known dimensions should be included in the m
ces (disc and square geometries) may be mounted-together with a metal sheet of con

h] sheet of known thickness that has been bent through a known angle (90° is conver
piece held in the corner. Alternatively, a seri€s of spheres may be positioned around thg
mount. An illustration of the use of comparison artefacts to check the alignment of polij

Figure 4.

material with a low shrinkage shouild be selected and the test piece securely held vel
ce of the mount. Vacuum impregnation with cold setting resin may be used for mou
material.

d polishing procedures Vary according to the test piece, but special care should be tak
iate lubricants in ordennot to dissolve components of the corrosion product or deposit
fali sulphates or halides dissolve in water so non-aqueous lubricants shall be used.)

fthe
bunt.
stant

thickness (*1 pm) clamped parallel to the test'piece. Rod-shaped test pieces may fise a

ient)
P test
hing

tical
hting

en to
(For
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<y

<X

a) Aligned sample preparation

Z,

Z. Z

c) Spherical artefacts, aligned
sample preparation —
All artefacts appear same size

6.2.3 (Classification of corresion layers

The f

The definitions of these layers are given in Clause 3.

gurface deposit;

utward growing corrosion scale;
inward growing corrosion scale;

intetnal corrosion;

b) Misaligned sample preparat

jon —

Artefacts of known dimensions (x,y)
appear with bigger,dimensions

Z

%, @

d) Spherical artefacts, misaligned

sample preparation —
Artefacts appear different si

ollowing layers may be present in an exposed sample:

Zes

Figure 4 — Use of reference artefacts to determine alignment during polishing

grain boundary attack;
de-alloyed zone;
remaining coating;
interdiffusion zone;

unaffected alloy (remaining sound metal).
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6.2.4 Identification of corrosion layers

Optical micrographs of the corrosion product and deposit should be taken at, preferably, a set of
standard magnifications, e.g.x100,x400, and x1 000, but these vary depending upon the extent of attack.
It is imperative that the chosen magnifications clearly show the extent of the total attack in a single

micrograph

so that the entire external corrosion product layer thickness is seen. A micron bar should

be included in the micrograph.

Contrast between the different layers may be enhanced by various techniques, e.g. chemical etching or
interference films.

Additional

of the invest

6.2.5 Thig
The test pie

Eachsector

metal thickmess. These are the areas at which the measurements are to be made;

The selected

in a single field.

The positior]
e may be mej

The minimy
together wif

haracterization hy QPM, an, etc., 1S npfinna] and Hopnnﬂc on-the p:n'h'r‘n]qr rnqnirnments
igation.

kness measurement of corrosion layers for metal loss evaluation
Ce shall be divided into eight sectors of approximately equal size.

bhall be examined atlow magnification in order tolocate the area withthe smallestremajning

| areas are examined at high magnification such that a 100 umength of surface is viewed

s cand d, shown and defined in Figure 5, shall be measured. In addition, positions a, f, i, and
sured to provide supplementary information on theféxtent of the different corrosion ldyers.

m remaining metal thickness, t-y, is the distance between c and d and shall be repgrted
h the metal loss tym) = (to-trm)/2-
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Key
2 initial specimen thickness = ¢ty
a,f outermost positions of the corrosion scale within the field of view and positions
b, e positions of the scale/metal interface;-defined as the lines for which there were equal amounts of metal on
the corroded side as corrosion preduct on the metal side
c,d deepest positions of grain boundary penetration or internal corrosion products, whichever is|relevant,
within the field of view
Figure 5 — Method for measurement of corrosion layers
6.2.4 Thickness measurement of corrosion layers for full statistical analysis
Flat |corroded test pieces shall be measured at regular intervals along the length, and|rod-shaped
test pieeesishall be measured at regular angular intervals around the circumference; in Qoth cases, a
minipdum of 24 measurements shall be obtained.

Corrosive attack may be measured either as the thickness of individual layers, the total thickness of
the affected region, or the total metal loss. The value to be reported shall be agreed between interested
parties prior to commencement of the work.

For each measure of corrosion, the following shall be reported:
— the mean value of the measurements;
— the standard deviation of the measurements.

The full data set, plotted on “probability” axes, provides valuable information on the superposition of
multiple corrosion mechanisms. Data are sorted in descending order and the individual thickness/metal
loss is plotted against probability. Data fitting a Gaussian distribution appear as a straight line whose slope
is related to the standard deviation of the data set. Any deviation from a straight line is interpreted as the

© IS0 2012 - All rights reserved 9
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appearance of a second distribution in the measurement, e.g. due to pitting or grain boundary attack. Itis
recommended that plots of this type are used; examples of the use of this plot are given in Figure 6.

140

120

100

80

Key

tml

The most prj
failure is iny
extreme” vg
measureme

6.3 Comy

Local comp
dispersive X

Phaseidenti

Measureme

tml [mm]

60

40

20

99

probability of metal loss not exceeding value
thickness of metal loss

single distribution
duplex distribution

Figure 6 — Example of probability plot for measurement of corrosion

obable extreme metal loss (or corrosion product thickness) shall be reported, as compq
Fariably associated with theyrate of growth of such extreme features. The “most prol
lue is the maximum valueimeasured for each feature. For the recommended metho
ht, there is a 4 % chancethat the true extreme metal loss exceeds this value.

)lementary techniques

bsition of phases may be measured using energy-dispersive X-ray (EDX) or wavele]
-ray (WDXyfacilities.

fication:using crystallographic measurements may be carried out using X-ray diffraction (3

htof alloy depletion profiles may be made using Electron Probe Micro Analysis (EPMA, W

nent
bable
ds of

hgth-

(RD).
/DX).

6.4 Testreport

The test rep
a)
b)
c)
d)
e)

10

ort shall contain (at least) the following data:

details of the exposure experiment, i.e. material, atmosphere, temperature, duration;
test piece shape and dimension;

identification of all layers identified after exposure;

measurements according to the procedure used;

a micrograph of a cross-section of a representative region of the test piece.
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