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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
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Steels — Determination of depth of decarburization

1 Scope

This |
decar
2 N

The f
refere

hternational Standard defines decarburization and specifies three methods of measuring
purization of non-alloy and low-alloy steels.

ormative references

bllowing referenced documents are indispensable for the applicatiom) of this docume
hces, only the edition cited applies. For undated references, the latest edition of th

document (including any amendments) applies.

ISO 4
ISO 6

ISO 9
comb

ISO 1
after ¢

3 T
For th
3.1

decar
loss 0

a) e

b) o

b45, Metallic materials — Hardness test — Knoop test
b07-1, Metallic materials — Vickers hardness test — Part1: Test method

b56, Steel and iron — Determination of total carbon content— Infrared absorption
Istion in an induction furnace

b349-2, Unalloyed steel — Determination of low carbon content — Part 2: Infrared abso
ombustion in an induction furnace (withpreheating)
erms and definitions

e purposes of this documient, the following terms and definitions apply.

burization
f carbon from.the/surface zone of the steel where the loss is:

ther partial decarburization, ds;

 complete decarburization, d,, measured as the distance between the surface of the pr
bint’at which carbon is detectable

the depth of

ht. For dated
e referenced

method after

rotion method

bduct and the

©

NOTE

3.2

The depth of complete decarburization as described in b) is determined by examination of the microstructure.

depth of functional decarburization

do

distance between the surface of the product and the point at which the carbon content or hardness is at the
level where the performance of the product would be unaffected by a reduction in carbon (i.e., at the minimum
level specified in the product standard)
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3.3

depth of total decarburization

dy

distance between the surface of the product and the point at which the carbon content is that of the unaffected
core, the sum of the partial and the complete decarburization d5 + d, being designated by the letters DD and
expressed in millimetres, e.g., DD = 0,08 mm

NOTE The various bands of decarburization are shown diagrammatically in Figure 1. The boundaries separating the
various types of decarburization are shown as hatched bands with the width of the band illustrating the practical variability
in measurements due to uncertainty of interpretation.

34
depth of ferrlte decarburization
depth of complete decarburization in the surface layer

NOTE The depth of ferrite decarburization is determined by examination of the microstructure.
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a8  Minimum carbon content specified in the product standard
b Core carbon content

If the product has undergone a process involving carburization, the definition of the “core” shall form the subject of an
agreement between the parties concerned.

The permissible depth of decarburization shall be specified in the appropriate standard covering the product or shall be the
subject of an agreement between the parties concerned.

Figure 1 — Carbon content as a function of distance from the surface: schematic representation for
a typical decarburized steel
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4 Measuring methods

4.1

General

The choice of the method and its accuracy depend on the degree of decarburization, the microstructure, the
carbon content of the product examined and the shape of the component.

The usual me

thods employed on finished products are:

a micrographic method (see 4.2);

quenche

— amethod
The inclusion
necessity for
by agreemen
shall be taker

a method for measuring the microindentation hardness (Vickers or Knoop) for steels in the harde

and tempered condition (see 4.3);
for the determination of the carbon content by chemical or spectrographic analysis (see 4,

of several methods of measurement, each having its own sphere of application, avoi
urther heat treatment. The sample shall be examined in the condition of delivery. Neverthg
between the parties concerned, a supplementary heat treatment is.applied, every prec
to prevent changes in mass percentage and/or in the distribution of €arbon, i.e., a small sz

a short austenitization time, a neutral atmosphere.

ned or

4).

s the
less if,
aution
mple,

In the absende of an indication of the choice of method in the product standard, this shall form the subject of
an agreement between the parties concerned.

4.2 Micrographic method

4.21 General

Unless otherwise specified, this method shall only be applied in situations where changes in carbon cpntent
are reflected by resulting variations in microstructure.

This method is especially valid for steels showing an annealed or normalized (ferrite-pearlite) structure. |t may
apply, with reservations, for products showihg a hardened, or tempered, or as-rolled, or forged structure

where the intq

4.2.2 Selec

The sample
products with
parties conce

Wherever pos
If this is imp

rpretation of the structural-variations becomes difficult.

ion and preparation-of the sample

selected shall_Consist of a section perpendicular to the longitudinal axis of the produg
no longitudinal axis, selection of the sample shall form the subject of an agreement betwe
ned.

sible small samples (section area less than 4 cm2) shall be examined over their entire per

t. For
en the

phery.

nsure th

sampling is rée

agreement between the partles concerned

at the

The micrographic polishing, carried out by applying the usual methods, shall not round the edges. In order to
achieve this, the sample may be mounted or held in a clamp, and the surface of the product may, if necessary,
be protected by a metallic deposit obtained by electroless or electrolytic plating. Automatic/semi-automatic
preparation techniques are recommended, where possible.

Etching in a solution of 1,5 % to 4 % nitric acid in ethanol (nital) or 2 % to 5 % picral will reveal the structure of
the steel.
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Measurement proper

As a rule, the reduction in carbon content can be determined for:

a)

b)

ferrite and pearlite: from the decrease in the amount of pearlite;

developing hypereutectoidally and/or of pearlite;

c)

Hard

content leads to clear changes in the microstructure.

This n
micro
the de

The d
meas

The ¢
unless
allows

nethod can also be applied for other structural conditions, e.g., for hardened or quénched
structures, but only if a distinct boundary exists within the structure characteristic, which
pth of decarburization.

stance from the surface to the point at which the structure does not differ.from that of the|
ired (total decarburization). The measurement shall be conducted using-suitably calibrated

hoice of magnification depends on the depth of decarburizatiofivzand shall be chosen by,
specifically agreed upon between the parties. It is recommended that the maximum mag

a useful magnification for the majority of instances.

A pre
depth

The p
detern
meas
decar
detern
meas
deterrn

4.3

4.3.1

The n
accor

Each

iminary examination of the whole surface at low miagnification ensures that any great v
of decarburization along the periphery will be observed for further evaluation.

oint of the maximum depth of decarburization, uninfluenced by surface defects and cor
hined by preliminary examination of the-surface of the section. Beginning at this p
irement point, the surface is dividedinto parts of equal size, at the ends of which
hined. The depth of total decarburization of the sample (see 3.3) is defined as the ave

irements. Measuring points that are affected by surface defects shall not be taken into
hining the average.

Methods for measuring the microindentation hardness

General

nethods under consideration are that of Vickers, in accordance with 1SO 6507-1, and
Hance with1SO 4545.

method consists of determining the gradient of the microindentation hardness on a cross-

pearlite and carbides developing hypereutectoidally: from the decrease in the amount of carbides

ferrite matrix with dispersed carbides: from the decrease in the amount of carbides in the ferrite matrix.

nge in carbon

and tempered
s decisive for

core shall be
equipment.

the assessor
nification that

the full extent of decarburization to be viewed is adopted:A*magnification of x 100 is recommended as

ariation in the

her effects, is
oint, the first
the depth of

purization shall also be measured-~Unless agreed otherwise, four individual measured values shall be

rage of these
pccount when

of Knoop, in

section of the

produ

| 1 H Il P o
CL AIUTTY a TS PpTTPTTidituidl tu e suriatc.

This technique applies only to hypoeutectoid steels in the hardened, tempered or heat-treated condition, and
to decarburized zones that are within a hardened zone, in order to avoid the occurrence of variations in
hardness due to imperfect penetration. The technique becomes inaccurate for low-carbon steels.

4.3.2

Selection and preparation of the sample

The selection and preparation of the sample shall be identical to that used in the micrographic method
(see 4.2.2) although, in general, the sample shall not be etched, in order to facilitate the measurement of the
size of the impression. Precautions shall be taken to avoid overheating the sample.
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4.3.3 Measurement proper

The load shall be as high as possible, in order to minimize the scatter of the measurements. In principle, this
load shall be in the range of HV 0,1 to HV 2,5 or in an appropriate range for the Knoop test. The distance
between impressions shall be at least 2,5 times the length of the diagonal of the impression.

The depth of total decarburization is defined by the distance from the surface to the point at which the core
hardness is attained.

At least two series of measurements shall be carried out in locations as remote as possible from each other.
The average of the two depth measurements defines the depth of the total decarburization (see 3.3).

4.4 Methods of determination of carbon content

441 Genetral

The methods| consist of determining the gradient of the carbon content in a direction (perpendicular fto the
surface. Theylare applicable whatever the structure of the steel.

4.4.2 Chemjical analysis

4421 Geperal
This applies gnly to products with a simple geometry (round base cylinder or plain faced polyhedron) and of a

size consistent with machining facilities, and when decarburization is over the complete surface. Unless
otherwise agrged this method does not apply to products with partial decarburization.

44.2.2 Selection of samples and test

Successive layers 0,1 mm thick, parallel to the surface of the piece, shall be removed by dry maclhining,
avoiding all copntamination. Any oxide films shall be temoved beforehand.

The metal collected at each level shall be’ submitted for carbon determination by chemical meapns, in
accordance with ISO 9556 and ISO 15349:2:

4.4.3 Spectrographic analysis

4.4.31 Geheral

This applies gnly to produgets with flat faces of adequate size.

443.2 Selection.of samples and test

The flat samiple/shall be subjected to successive grinding operations to different levels 0,1 mm |apart.
Spectrographic determination of the carbon shall be carried out at each level in such a way that successive
sparkings are not superimposed.

4.4.4 Interpretation of the results (chemical and spectrographic methods)

The methods described in 4.4.2 (chemical analysis) and 4.4.3 (spectrographic analysis) permit the
determination of the depth of functional decarburization, by measuring the distance from the surface to the
point where the carbon content reaches the minimum specified value. Alternatively, the depth of total
decarburization can be determined by measuring the distance from the surface to the point where the carbon
content values become consistent, i.e., the core carbon content.
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5 Testreport

The test report shall contain the following information.

a) the number and the location of the samples taken from the test piece;
b) the method used;

c) all measured values, averaged values such as DD and, if given, the thickness of a ferritic layer as
complete decarburization.

© 1SO 2003 — Al rights reserved 7


https://standardsiso.com/api/?name=ad41ebb35ebf0b84d5a545d17a5ba1a6

