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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.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity assessment,
as well as information about ISO’s adherence to the World Trade Organization (WTO) principles in the
Technical Barriers to Trade (TBT) see the following URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 17, Steel.

This second edition cancels and replaces the first edition (ISO 4885:1996), which has been technically
revised.
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Ferrous materials — Heat treatments — Vocabulary

1 Scope
This document defines important terms used in the heat treatment of ferrous materials.
NOTE The term ferrous materials include products and workpieces of steel and cast iron.

Annex A provides an alphabetical list of terms defined in this document, as well as their equivalents in
French, German, Chinese and Japanese.

Table 1 shows the various iron-carbon (Fe-C) phases.

2 Normative references

There are no normative references in this document.

3 Terms and definitions

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

31
acicular structure
structure which appears in the form of needles in a micrograph

3.2

activity

effective concentration of species under non-ideal (e.g. concentrated) conditions; for heat treatment
(3.108), this means the effective concentration of carbon or nitrogen (or both) in heat treatment media
and in ferrous materials

Note 1 to entry: Ratio of the vapour pressure of a gas (usually carbon or nitrogen) in a given state (e.g. in austenite
(3.12) of specific carbon/nitrogen concentration) to the vapour pressure of the pure gas, as a reference state, at
the same temperature.

3.3

ageing

change in the properties of steels depending on time and temperature after hot working or heat
treatment (3.108) or after cold-working operation due to the migration of interstitial elements

Note 1 to entry: The ageing phenomenon can lead to higher strength and lower ductility.

Note 2 to entry: The ageing can be accelerated either by cold forming and/or subsequent heating (3.109) to
moderate temperatures (e.g. 250 °C) and soaking (e.g. for 1 h) to create the ageing effects.

3.4

air-hardening steel

DEPRECATED: self-hardening steel

steel, the hardenability (3.103) of which is such that cooling (3.45) in air produces a martensitic structure
in objects of considerable size

© IS0 2017 - All rights reserved 1
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3.5
alpha iron
stable state of pure iron at temperatures below 911 °C

Note 1 to entry: The crystalline structure of an alpha iron is body-centred cubic.
Note 2 to entry: Alpha iron is ferromagnetic at temperatures below 768 °C (the Curie point).

3.6

alpha mixed crystal

iron with body-centred cubic lattice structure with alloying elements in interstitially or substitutively
solution

Note 1 to entry: The material science for alpha mixed crystal is ferritic.
Note 2 to entry: Alpha mixed crystal is ferromagnetic.

3.7

aluminizing

DEPRECATED: calorizing

surface treatment into and on a workpiece (3.201) relating to aluminium

3.8

annealing

heat treatment (3.108) consisting of heating (3.109) and soaking at a suitable temperature followed by
cooling (3.45) under conditions such that, after return to ambient temperature, the metal will be in a
structural state closer to that of equilibrium

Note 1 to entry: Since this definition is very general, it is advisable to use an expression specifying the aim of
the treatment. See bright annealing (3.29), full annealing (3.89), softening/soft annealing (3.186), inter-critical
annealing (3.122), isothermal annealing (3.127) and subcritical annealing.

3.9

ausferrite

fine-grained mixture of ferrite (3.85) and stabilized austenite (3.12) which should lead to high hardness
and ductility of austempered ductile cast iron (ADI)

3.10

ausforming

thermomechanical treatment (3.207) of a workpiece which consists of plastically deforming the
metastable austenite (3.12) before subjecting it to the martensitic and/or bainitic transformation

3.11

austempering

isothermal heat treatment for producing bainitic (see 3.17 and 3.18) or ausferritic (see 3.9) structure of
a workpiece

Note 1 to entry: The final cooling (3.45) to ambient temperature is not at a specific rate.

3.12
austenite
solid solution of one or more elements in gamma iron (3.91)

Note 1 to entry: See also Table 1.

3.13
austenitic steel
steel structure which is austenitic at ambient temperature

Note 1 to entry: Cast austenitic steels can contain up to about 20 % of ferrite (3.85).

2 © IS0 2017 - All rights reserved
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3.14

austenitizing

heating (3.109) a workpiece to austenitizing temperature (3.15) and holding at this, so that the
microstructure is predominantly austenitic

Note 1 to entry: The amount of the minimum required temperature results from the heat speed and the steel
composition. The holding period depends on the heating conditions used.

3.15
austenitizing temperature
temperature at which the workpiece is maintained during austenitization

3.16

auto-tempering

self-tempering

tempering undergone by martensite (3.137) during quenching (3.168) or subsequent cooling (3.45)

3.17

bainite

microstructure resulting from the transformation of austenite (3.12) at temperatures above martensite
(3.137) start temperature (Ms) and outside the pearlite (3.155) range consisting of ferrite laths and
carbides which are dispersed either inside the ferrite laths (lower bainite) or between the ferrite laths
(upper bainite)

Note 1 to entry: See also Table 1.

3.18

bainitizing

austenitizing (3.14) and quenching (3.168) to a temperature above Mg and isothermal soaking to ensure
a transformation of the austenite (3.12) to bainite (3.17)

3.19

bake hardening steel

steel with the ability to gain an increase of yield strength after a plastic pre-strain and a subsequent
heat treatment (3.108) in the usual industrial paint processes (in the region of 170 °C for 20 min)

Note 1 to entry: These steels have a good suitability for cold forming and present a high resistance to plastic
straining (which is increased on finished parts during heat treatment) and a good dent resistance.

3.20

baking

heat treatment (3.108) permitting the release of hydrogen absorbed in a ferrous product without
modifying its structure

Note 1 to entry: The treatment is generally carried out following an electrolytic plating or pickling, or a welding
operation.

3.21
banded structure
lines of constituents of the microstructure caused by segregation (3.179) during solidification

3.22

blacking

operation carried out in an oxidizing medium at a temperature such that the polished surface of a
workpiece becomes covered with a thin, continuous, adherent film of dark-coloured oxide (see 3.151)

3.23
black nitriding
nitriding (3.143) followed by oxidation (3.150) of the steel surface

Note 1 to entry: After nitrocarburizing (3.144), blacking (3.22) will improve the corrosion resistance
and the surface properties

© IS0 2017 - All rights reserved 3
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3.24

blank nitriding

blank nitrocarburizing

simulation treatment which consists of reproducing the thermal cycle of nitriding (3.143)/
nitrocarburizing (3.144) without the nitriding/nitrocarburizing medium

Note 1 to entry: This treatment makes it possible to assess the metallurgical consequences of the thermal cycle of
nitriding/nitrocarburizing.

3.25

batch annealing

box annealing

process in which strip is annealed in tight coil form, within a protective atmosphere, for a predetermined
time-temperature cycle

3.26

blueing

treatment carried out in an oxidizing medium (see 3.152) at a temperature such that the bright surface
of a workpiece becomes covered with a thin, continuous, adherent film of blue-coloured oxide

Note 1 to entry: If the blueing is carried out in superheated water vapour, it is also called steam treatment.

3.27

boost-diffuse carburizing

carburizing carried out in two or more successive stages and/or different temperatures with different
carbon potentials

3.28
boriding
thermochemical treatment (3.207) of a workpiece to enrich the surface of a workpiece with boron

Note 1 to entry: The medium in which boriding takes place should be specified, e.g. pack boriding, paste
boriding, etc.

3.29

bright annealing

annealing (3.8) in a medium preventing the oxidation (3.150) of the surface and keeps the original
surface quality

3.30

burning

irreversible change in the structure and properties brought about by the onset of melting at the grain
boundaries and surface

3.31

carbon activity

effective concentration of carbon under non-ideal (e.g. concentrated) conditions; for heat treatment
(3.108), this means the effective concentration of carbon in heat treatment media and in ferrous
materials.

3.32

carbon mass transfer coefficient

coefficient of the mass of carbon transfer from the carburizing medium into steel (per unit surface area
and time)

Note 1 to entry: Also defined as the mass of carbon transferred from the carburizing medium into the steel,

per unit surface area per second, for a unit difference between the carbon potential and actual surface carbon
content.

4 © IS0 2017 - All rights reserved
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3.33

carbon level

carbon content in percent of mass in an austenitized probe of pure iron at a given temperature in the
equilibrium with the carburizing medium

Note 1 to entry: The “carbon level” has been defined for practical use, because the carbon potential of steels
cannot be measured directly in carburizing media; see Reference [13].

3.34
carbon profile
carbon content depending on the distance from the surface

3.35
carbonitriding
thermochemical treatment (3.207) to enrich the surface layer with carbon and nitrogen

Note 1 to entry: The elements are in solid solution in the austenite (3.12), usually the carbonitrided workpiece
undergoes quench hardening (3.167) (immediately or later).

Note 2 to entry: Carbonitriding is a carburizing (3.36) process.
Note 3 to entry: The medium in which carbonitriding takes place should be specified, e.g. gas, salt bath, etc.

3.36

carburizing

DEPRECATED: cementation

thermochemical treatment (3.207) which is applied to a workpiece in the austenitic state, to obtain a
surface enrichment in carbon, which is in solid solution in the austenite (3.12)

Note 1 to entry: The carburized workpiece undergoes quench hardening (3.167) (immediately or later).
Note 2 to entry: The medium in which carburizing takes place should be specified, e.g. gas, pack, etc.

3.37
case hardening
treatment consisting of carburizing (3.36) or carbonitriding (3.35) followed by quench hardening (3.167)

Note 1 to entry: See Figure 1.

/ N

Temperature ——=

a) Direct-hardening treatment
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Figure 1 — Schematic representation of the possible thermal cycles of various case-hardening
treatments

3.38
castiron
alloy of iron, carbon and silicon where the carbon content is approximately more than 2 %

6 © IS0 2017 - All rights reserved



3.39
cementite

iron carbide with the formula Fe3C

Note 1 to entry: See Table 1.

Table 1 — Iron-carbon (Fe-C) phases

BS EN ISO 4885:2017

ISO 4885:2017(E)

lamellas (0,1 pm)

coarse lamellas

Phase Crystal structure Properties Typical hardness
Ferrite, a bcc soft, tough, magnetic 60 HBW to 90 HBW
Austenite, y fcc fair strength, non-magnetic 150 HBW (1,5 % C)
Cementite, Fe3C rombic hard, brittle chemical composition 820 HBW

Pearlite with coarse |a + Fe3C, lamellar combination of tough ferrite 200 HBW

lamellas (0,4 pm) and hard cementite

Pearlite with fine o + Fe3C, lamellar harder than pearlite with 400 HBW

Fe3C on surface
of a

fine lamellas

Spheroidite a + globular Fe3C soft 120 HBW to 230 HBW,
depending on
carbon and alloy content
Upper bainite precipitations of properties such as pearlite with 400 HBW

non-tempered

tetragonic

Lower bainite precipitations of strength near martensite, but 600 HBW
Fe3C inside of a tougher than tempered martensite
Martensite, o, bcg, slightly hard, brittle 250 HV to 950 HV,

depending on carbon
content

Martensite, o,

bcg, slightly

softer and tougher than

250 HV to 650 HV,,

tempered tetragonic non-tempered martensite depending on carbon
content and tempering
temperature

3.40

chromizing

surface treatment into and on a workpiece (3.201) relating to chromium

Note 1 to entry: The surface layer can consist of practically pure chromium (on low-carbon steels) or of chromium

carbide (on high-carbon steels).

3.41
compound layer

DEPRECATED: white layer

surface layer formed during thermochemical treatment (3.207) and made up of the chemical compounds

formed by the element(s) introduced during the treatment and certain elements from the base metal

EXAMPLE The surface layer may consist of the layer of nitrides formed during nitriding (3.143), the layer
of borides formed during boriding (3.28), the layer of chromium carbide formed during the chromizing (3.40) of
high-carbon steel.

Note 1 to entry: In English, the term “white layer” is improperly used to designate this layer on nitrided and
nitrocarburized ferrous products.

3.42

continuous annealing

process in which strip is annealed by moving continuously through an oven within a protective
atmosphere

© IS0 2017 - All rights reserved 7
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3.43

continuous-cooling transformation diagram
CCT diagram

see 3.210.2

3.44

controlled rolling

rolling process where rolling temperature and reduction are controlled to achieve enhanced mechanical
properties, e.g. normalizing rolling, thermomechanical rolling

Note 1 to entry: Controlled rolling is used for fine-grain ferritic steels (3.86) and for dual-phase steel for obtaining
fine-grain structure.

3.45

cooling

reduction (or operation to reduce) of the temperature of a hot workpiece continuous, discontinuous,
gradually or interrupted

Note 1 to entry: The medium in which cooling takes place should be specified, e.g. in furnace, air, oil, water. See
also quenching (3.168).

3.46

cooling condition

condition(s) (temperature and kind of cooling medium, relative movements, agitation, etc.) under which
the cooling (3.45) of the workpiece takes place

3.47
cooling function
reduction of the temperature as a function of time of a determined point of a workpiece

Note 1 to entry: This function could be shown as a graph or written in a mathematical form.

3.48
cooling rate
variation in temperature as a function of time during cooling (3.45)

Note 1 to entry: A distinction is made between
— aninstantaneous rate corresponding to a specified temperature, and
— an average rate over a defined interval of temperature or time.

3.49
cooling time
interval of time separating two characteristic temperatures of the cooling function (3.47)

Note 1 to entry: It is always necessary to specify precisely what the temperatures are.

3.50

core refining

process to get a fine grain and a homogenous microstructure in the core, often done by hardening of
carburized workpieces

Note 1 to entry: See Figures 1 b), ¢) and d).

3.51
critical cooling course
cooling course to avoid transformation in undesired microstructure

Note 1 to entry: The cooling course can be characterized by the gradient of temperature or of the cooling rate
(3.48) in general or at given temperatures or times.

8 © IS0 2017 - All rights reserved
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3.52
critical cooling rate
cooling rate (3.48) corresponding to the critical cooling course (3.51)

3.53

critical diameter

diameter (d) of a cylinder with a length =3 d, having a structure of 50 % by volume of martensite (3.137)
after quench hardening (3.167) with defined conditions at its centre

3.54
decarburization
depletion of carbon from the surface layer of a workpiece

Note 1 to entry: This depletion can be either partial (partial decarburization) or nominally complete (complete
decarburization). The sum of the two types of decarburization (partial and complete) is termed total
decarburization; see [SO 388

3.55
decarburizing
thermochemical treatment (3.207) intended to produce decarburization (3.54) of a workpiece

3.56

decomposition of austenite

austenite transformation

decomposition into ferrite (3.85) and pearlite (3.155) or ferrite and cementite (3.39) with decreasing
temperature

3.57
delta iron
stable state of pure iron between 1 392 °C and its melting point

Note 1 to entry: The crystalline structure of a delta iron is body-centred cubic, identical to that of the alpha
iron (3.5).

Note 2 to entry: Delta iron is paramagnetic.

3.58

depth of carburizing

carburizing depth

distance between the surface of a workpiece and a specified limit characterizing the thickness of the
layer enriched in carbon, which means effective case depth

3.59

depth of decarburization

decarburization depth

distance between the surface of a workpiece and a limit characterizing the thickness of the layer
depleted in carbon

Note 1 to entry: This limit varies according to the type of decarburization (3.54) and can be defined by reference
to a structural state, a level of hardness or the carbon content of the unaltered base metal (see [SO 3887), or any
other specified carbon content.

3.60

depth of hardening

distance between the surface of a workpiece and a limit characterizing the penetration of quench
hardening (3.167)

Note 1 to entry: This limit can be defined starting from a structural state or a level of hardness.

© IS0 2017 - All rights reserved 9
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3.61

depth of nitriding

nitriding depth

distance between the surface of a workpiece and a specified limit characterizing the thickness of the
layer enriched in nitrogen

3.62

destabilization of retained austenite

phenomenon occurring during tempering which allows the retained austenite (3.175) to undergo
martensitic transformation within a temperature range where it would not previously have been
transformed spontaneously

3.63
diffusion
movement of atoms to new places in ferrous materials

3.64

diffusion annealing

heat treatment (3.108)/annealing (3.8) of ferrous products or workpieces to reduce segregation (3.179)
and promote homogeneity by diffusion (3.63)

Note 1 to entry: To reduce segregation of metallic elements in steel making and in bar rolling a process with
temperatures between 1 000 °C and 1 300 °C is required.

Note 2 to entry: Reducing segregations of non-metallic alloying elements (such as carbon or sulphur) in
workpieces usually would be done at a temperature below 1 000 °C.

3.65

diffusion treatment

heat treatment (3.108) to reduce a very high concentration of elements in the surface layer such as
carbon or nitrogen after carburizing (3.36) or nitriding (3.143)

Note 1 to entry: See also malleablizing (3.133), which is also a diffusion treatment.

3.66

diffusion zone

surface layer formed by a thermochemical treatment (3.207) characterized by enrichment of elements
such as carbon or nitrogen

Note 1 to entry: The enriched elements such as carbon or nitrogen are in solid solution and/or precipitated such
as carbides or nitrides.

Note 2 to entry: The concentration of the enriched elements decreases from surface to the core of a workpiece.

3.67

direct-quench hardening

quench hardening (3.167) of carburized workpieces immediately after carburizing (3.36) or
carbonitriding (3.35)

Note 1 to entry: The direct-quench hardening should be started directly from the carburizing or a lower
temperature, adjusted to the surface carbon content.

Note 2 to entry: Direct hardening from hot forging or hot rolling replaces separate austenitizing (3.14) and
quenching (3.168).

Note 3 to entry: See Figure 1 a).

3.68

direct quenching

quenching (3.168) carried out immediately following hot rolling or hot forging or solution annealing
(3.188) of stainless steels or after a thermochemical treatment (3.207)

10 © IS0 2017 - All rights reserved



BS EN ISO 4885:2017
ISO 4885:2017(E)

3.69
dislocation
crystallographic defect or irregularity, within a crystal structure

EXAMPLE There are two primary types, “edge dislocations” and “screw dislocations”.
Note 1 to entry: Cold forming increases the amount of dislocations and results in higher hardness.

3.70

distortion

any change in the shape and original dimensions of a ferrous workpiece, occurring during heat
treatment (3.108)

Note 1 to entry: The causes are manifold including not only the heat treatment process but also the workpiece
geometry, steel inhomogeneity and the production conditions.

3.71

double-quench hardening treatment

heat treatment (3.108) consisting of two successive quench-hardening treatments, generally carried
out at different temperatures

Note 1 to entry: In the case of carburized products, the first quench hardening (3.167) could be done immediately
after carburizing (3.36) from carburizing temperature. The second quench hardening could be carried out from a
lower temperature adjusted to the carbon content of core.

Note 2 to entry: Double-quench hardening is also used for grain refining.
Note 3 to entry: See Figure 1 d).

3.72

effective case depth after carburizing

case-hardening hardness depth

carburizing depth

perpendicular distance between the surface of a case-hardened workpiece and the point where the
hardness has the limit hardness value

Note 1 to entry: This limit should be specified, e.g. for the total case depth, this limit will correspond to the
carbon content of the unaltered base metal.

Note 2 to entry: The term case depth is used in relation to any case-hardening or surface-hardening process.
[SOURCE: 1SO 18203:2016, 3.1, modified.]

3.73

effective case depth after nitriding

nitriding hardness depth

perpendicular distance from the surface of a nitrided or nitrocarburized workpiece to the point where
the hardness has the limit hardness value

[SOURCE: ISO 18203:2016, 3.4, modified.]

3.74

effective case depth after surface hardening

surface hardening hardness depth

distance between the surface and the point at which the Vickers hardness (HV) is equal to 80 % of the
minimum surface hardness required for the workpiece considered

[SOURCE: ISO 18203:2016, 3.5, modified.]

© IS0 2017 - All rights reserved 11
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3.75
electron beam hardening
austenitizing (3.14) the surface layer of a workpiece by heating (3.109) with an electron beam

Note 1 to entry: Quenching (3.168) for hardening could be done by external quenching media (3.170) or it takes
place by self-cooling.

3.76
embrittlement
severe loss of toughness of a material

Note 1 to entry: Steels can be affected by different forms of embrittlement such as blue embrittlement, temper
embrittlement (3.202), quench-age embrittlement, sigma-phase embrittlement, strain-age embrittlement,
thermal embrittlement and low-temperature or cold embrittlement.

3.77
endogas
gas mixture produced by incomplete combustion of hydrocarbons

Note 1 to entry: Endogas has a conventional composition of 20 % by volume to 24 % by volume of carbon
monoxide, 31 % by volume to 40 % by volume of hydrogen and residual nitrogen.

Note 2 to entry: A gas with the composition given in the above Note 1 to entry can also be generated synthetically
by a mixture of gaseous methanol and nitrogen.

3.78

endothermic atmosphere

furnace atmosphere produced endothermically and with a carbon potential capable of being matched
to the carbon content of the ferrous product under heat treatment (3.108) in order to reduce, increase
or maintain the carbon level (3.33) at the surface of the ferrous product

Note 1 to entry: Endothermic means heat energy transfer to the atmosphere.

3.79
epsilon carbide
iron carbide with the approximate formula, Fep.4C

3.80

equalization

second stage of heating (3.109) of a workpiece whereby the required temperature at the surface is
attained throughout its section

Note 1 to entry: See Figure 2.
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Austenitizing or quenching temperature
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Figure 2 — Schematic representation of heating during an austenitizing treatment

3.81

equilibrium diagram
graphical representation of the temperature and composition limits of phase fields in an alloy system

3.82

equivalent diameter

diameter (d) of a cylinder of the same steel (of length =3 d) in which the cooling rate (3.48) at its centre
is identical to the slowest cooling rate recorded in the workpiece considered, for the same cooling
conditions (3.46)

Note 1 to entry: The equivalent diameter is also called the ruling section. The determination of the equivalent
diameter is described in ISO 683-1 and ISO 683-2.

3.83

eutectoid transformation

reversible transformation of austenite (3.12) into pearlite (3.155) (ferrite + cementite) that occurs at a
constant temperature

Note 1 to entry: Temperature for eutectoid transformation of pure iron is 723 °C. Alloying elements or cooling
speed influence this temperature.

3.84

exothermic atmosphere

furnace atmosphere produced exothermically and controlled so that it does not oxidize the ferrous
product

Note 1 to entry: Exothermic means heat energy transfer from the atmosphere.

3.85
ferrite
body-centred cubic lattice structure of iron or steel

Note 1 to entry: See Table 1.

3.86
ferritic steel
steel whose structure is ferritic at room temperature
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3.87
flame hardening
surface-hardening treatment where the heat source is a flame

3.88

fluidized bed

heat treat medium made by a ceramic powder fluidized by a gas into a furnace that will be heated from
the outside

Note 1 to entry: The fluidizing gas could be inert to protect the surface of heat-treated workpieces or a reactive
gas for a thermochemical treatment (3.207) such as carburizing (3.36).

3.89

full annealing

heat treatment (3.108) to achieve a spheroidized structure (see 3.190), which includes full or partial
austenitizing (3.14) followed with slow cooling (3.45)

Note 1 to entry: The austenitization of hypoeutectoid steel (3.118) (C < 0,77 %) takes place above A3 temperature
(the structure is then fully austenitic), however hypereutectoid steels (3.117) (C > 0,77 %) between A1 and Ay,
temperatures (the structure is partially austenitic).

Note 2 to entry: Full annealing is also called critical annealing.

3.90
furnace atmosphere
gaseous filling of a furnace, used for heat treatment (3.108)

Note 1 to entry: Gaseous filling could be pure gas or gas mixture. The atmosphere can be inert or reactive, and
will operate at or below atmospheric pressure.

Note 2 to entry: The purpose of furnace atmospheres is to prevent oxidation (3.150) or decarburization (3.54) or
to be the carrier or reactive gas in a thermochemical treatment (3.207).

391
gamma iron
pure iron with face-centred cubic lattice structure

Note 1 to entry: Gamma iron is paramagnetic.

3.92

gamma mixed crystal

iron with face-centred cubic lattice structure with alloying elements in interstitially or substitutively
solution

Note 1 to entry: The material science name for gamma mixed crystal is austenite (3.12).

Note 2 to entry: Gamma mixed crystal is paramagnetic.

3.93
gas quenching
cooling (3.45) with gas flow, which means quicker than in resting air

Note 1 to entry: The cooling gas could be pure gas or a gas mixture, i.e. air, air with water spray, inert gas or
noble gas.

3.94
grain
space lattice formed by atoms with regular interstices

Note 1 to entry: The shape of a ferrite grain can be c-b-c.
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3.95
grain boundary
interface separating two grains with different crystallographic orientations

3.96

grain coarsening

annealing (3.8) carried out at a temperature well above A3 for a soaking period sufficient to bring about
grain growth (3.97)

3.97

grain growth

increase in the grain size (3.99) of the microstructure as a result of heating (3.109) to a high temperature
and/or to long soaking time

3.98
grain refining
see core refining (3.50) and normalizing (3.146)

3.99
grain size
characteristic size of a grain (3.94) revealed in a metallographic section

Note 1 to entry: The nature of the grain should be specified, e.g. austenitic, ferritic, etc.

Note 2 to entry: See [[SO 643.

3.100

graphitic steel

steel in the structure of which a proportion of the carbon is intentionally precipitated in the form of
graphite

3.101
graphitization
precipitation of carbon in the form of graphite

3.102

graphitizing

heat treatment (3.108) applied to cast irons (3.38) or hypereutectoid steels (3.117) to bring about
graphitization (3.101)

3.103
hardenability
ability of steels to undergo martensite (3.137) and/or bainite (3.17) transformation

Note 1 to entry: Hardenability is often characterized under defined experimental conditions by the development
of hardness as a function of the distance from a quenched surface, e.g. the Jominy curve (see [SO 642)
Hardenability can be defined by calculation.

3.104

hardening temperature

start temperature for quenching (3.168) austenitized, carburized or carbonitrided workpieces to
quench-harden them

Note 1 to entry: The hardening temperature can be identical to the austenitizing temperature (3.15).

3.105
heat conduction
spontaneous heat flow from a body at a higher temperature to a body at a lower temperature

Note 1 to entry: In the absence of external drivers, temperature differences decay over time and the bodies
approach to thermal equilibrium.
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Note 2 to entry: See Reference [12].

3.106

heat convection

convection

transfer of heat from one place to another by the movement of fluids

Note 1 to entry: Convection is usually the dominant form of heat transfer in liquids and gases; see Reference [13].

Note 2 to entry: Heat convection during quenching (3.168) can be single phase [as in gas quenching (3.93)] or dual
phase (as in water quenching with water and vapour film at the same time. Usually, single-phase convection has a
lower heat transfer than dual-phase convection.

3.107

heat radiation

thermal radiation

emission of electromagnetic waves from all matter that has a temperature greater than absolute zero

Note 1 to entry: Heat radiation represents a conversion of thermal energy into electromagnetic energy;
see Reference [12].

3.108

heat treatment

series of operations in the course of which a solid ferrous product is totally or partially exposed to
thermal cycles to bring about a change in its properties and/or structure

Note 1 to entry: The chemical composition of a ferrous product can possibly be modified during these operations.
See thermochemical treatment (3.207).

3.109
heating
increasing the temperature of a workpiece

Note 1 to entry: Heating can be carried out continuously or discontinuously, gradual in one or more steps.

3.110
heating duration
interval of time separating two defined temperatures of the heating function (3.111)

Note 1 to entry: It is always necessary to specify precisely what the temperatures are.

3.111

heating function

temperature change at a defined point of a workpiece or in a furnace load as a function of time during
heating (3.109)

Note 1 to entry: The function may be shown as a graph or could be written in a mathematical formula.

3.112
heating rate
variation in temperature as a function of time during heating (3.109)

Note 1 to entry: A distinction is made between
— aninstantaneous rate corresponding to a specific temperature, and
— an average rate over a defined interval of temperature.

3.113

homogenizing

treatment to homogenize a heterogeneous distribution of the chemical composition of ferrous material
by a prolonged high-temperature annealing (3.8)
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3.114

hot forming

forming of steel products in a temperature range usually between 780 °C up to 1 300 °C, depending on
the chemical composition of the workpiece

Note 1 to entry: Hot forming includes hot rolling, hot forging, hot bending, etc.
Note 2 to entry: Forming between the temperatures of hot forming and cold forming is called warm forming.

3.115

hydrogen embrittlement

embrittlement (3.76) caused by accumulation of hydrogen atoms and recombination of hydrogen
molecules

Note 1 to entry: Hydrogen embrittlement is distinctive at big workpieces and high-strength steels.

Note 2 to entry: It is often the result of unintentional introduction of hydrogen into steel during melting, hot
forming (3.114), welding or electroplating and increases the risk of cleavage fracture.

3.116

hydrogen removal annealing

annealing (3.8) below A; temperature, the holding time depends on the size of the workpiece and the
hydrogen content

Note 1 to entry: In quench-hardened or case-hardened steels, the hydrogen will be removed usually at a
tempering temperature of 230 °C up to 300 °C, with some hours of soaking time.

3.117
hypereutectoid steel
steel containing more carbon than the eutectoid composition

3.118
hypoeutectoid steel
steel containing less carbon than the eutectoid composition

3.119
impulse hardening
hardening after impulsively heating (3.109) by self-cooling of the workpiece

Note 1 to entry: Treatment is used for surface hardening.

3.120

impulse heating

method of heating (3.109) by short repeated bursts of energy, giving rise to a local increase in
temperature

Note 1 to entry: Various sources of energy can be used, e.g. condenser discharge, lasers, electron beams, etc.

3.121
induction hardening
surface hardening where the austenitizing (3.14) of the workpiece is made by induction heating

3.122

inter-critical annealing

inter-critical treatment

annealing (3.8) of a hypoeutectoid steel (3.118) involving heating (3.109) to and soaking at a temperature
between A1 and A3, followed by cooling (3.45) adapted to the characteristics required

3.123

intermetallic compound

compound of two or more metals possessing physical properties and a crystal structure different from
those of the pure metals and their solid solutions
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3.124

internal oxidation

occurrence inside heat-treated workpieces by diffusion (3.63) of oxygen, caused by precipitation of
oxides below the surface

Note 1 to entry: The precipitates could occupy the grain boundaries or are inside of the grains.

3.125

interrupted quenching

quenching (3.168) carried out in a medium giving rapid cooling (3.45) and interrupted before the
workpiece reaches thermal equilibrium with the quenching medium (3.170)

Note 1 to entry: This term should not be used to designate step quenching (3.196).

3.126

isoforming

thermomechanical treatment (3.207) of steel consisting of plastic deformation carried out during the
transformation of austenite (3.12) to pearlite (3.155)

3.127

isothermal annealing

heat treatment (3.108) with austenitizing (3.14) and interrupted cooling (3.45) down to a certain
temperature and is held constant until transformation is completed

EXAMPLE Isothermal pearlite transformation or isothermal bainitizing (3.18).

Note 1 to entry: This treatment is used for alloyed case-hardening steels in order for pearlitizing to improve the
machinability.

3.128

Jominy test

end-quenching test

standardized test for evaluation of hardenability (3.103)

Note 1 to entry: For details, see [SO 642.

Note 2 to entry: The Jominy curve can be calculated based on the chemical composition of the steel being tested.

3.129
laser beam hardening
austenitizing (3.14) the surface layer of a workpiece by heating (3.109) with a laser beam

Note 1 to entry: See impulse hardening (3.119) and impulse heating (3.120)

Note 2 to entry: Quenching (3.168) for hardening could be done by external quenching media (3.170) or it takes
place by self-cooling.

3.130

Ledeburite

structure of an iron/carbon alloy which results from a eutectic transformation of a melted iron material
and consists of austenite (3.12) and cementite (3.39)

Note 1 to entry: See Table 1.

3.131
local hardening
quench hardening (3.167) of a local limited area of a workpiece
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3.132
low-pressure carburizing
carburizing (3.36) carried out in a vacuum furnace at a pressure below atmospheric pressure

Note 1 to entry: Usually, hydrocarbon gases are used to spend the carbon for diffusion (3.63) into the steel.
Therefore, internal oxidation (3.124) can be avoided.

Note 2 to entry: Low-pressure carbonizing is also often called vacuum carburizing.

3.133

malleablizing

long-time annealing (3.8) at high temperatures to change the structure of white cast iron (3.38) to
produce malleable cast iron

Note 1 to entry: If the annealing would be done in a decarburizing (3.55) atmosphere, the malleable cast iron
is called “white malleable cast iron”. If the annealing atmosphere will not decarburize, elementary carbon is
dropped out as graphite, the iron is called black malleable cast iron.

3.134

maraging

heat treatment (3.108) of maraging steel (3.135), consisting of austenitizing (3.14) and solution annealing
(3.188), followed by quenching (3.168) to produce martensite (3.137) and ageing (3.3) for precipitation
of intermetallic phases to give the required mechanical properties

3.135
maraging steel
steel with specific properties of which can be obtained by maraging (3.134)

Note 1 to entry: Typical tensile strength is around 2 000 MPa.

3.136

martempering

heat treatment (3.108) involving austenitizing (3.14) followed by step quenching (3.196), at a rate fast
enough to avoid the formation of ferrite (3.85), pearlite (3.155) or bainite (3.17), to a temperature
slightly above Mg, and soaking for long enough to ensure that the temperature is uniform but short
enough to avoid the formation of bainite

Note 1 to entry: The final cooling (3.45), during which martensite (3.137) forms practically simultaneously
throughout the cross-section, is generally carried out in air.

3.137

martensite

phase (3.156) formed in carbon containing steels by the cooling (3.45) of austenite (3.12) at such a high
rate that carbon atoms do not have time to diffuse out of the crystal structure in large enough quantities
to form cementite (3.39) (Fe3C)

Note 1 to entry: See Table 1.

Note 2 to entry: Plate martensite is formed in steels generally with a carbon content greater than 0,10 %. Plate
martensite is typically hard and brittle.

Note 3 to entry: Lath martensite is formed in steels generally with a carbon content below 0,10 %. The toughness
of lath martensite is usually good.

Note 4 to entry: Martensite is a metastable solid solution with a body-centred tetragonal distorted structure.

3.138

maximum achievable hardness

maximum value of hardness that can be obtained on a given workpiece by quench hardening (3.167),
under ideal conditions
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3.139
McQuaid-Ehn grain size test
test to evaluate apparent austenitic grain size (3.99) of case-hardening steels

Note 1 to entry: Test results are given as an index from 1 upwards; for more details, see [SO 643,

3.140
medium
surrounding in which the ferrous workpiece is placed during heat treatment (3.108)

Note 1 to entry: The medium can be solid, liquid or gaseous. The kind and the specific properties of the media are
important for the heat treatment results.

3.141
metastable
apparently stable structure outside the conditions defined by the equilibrium diagram (3.81)

3.142
nitride
compound of nitrogen with iron and/or nitride-forming alloying elements in ferrous materials

Note 1 to entry: There are several nitrides, depending on the amount of nitrogen. The most important nitrides in
nitrided workpieces are ferrous €- and the y’-nitrides.

3.143

nitriding

thermochemical treatment (3.207) to produce hard surface layers on workpieces containing nitrides,
e.g. oxynitriding (3.152), gas nitriding, plasma nitriding (3.157)

Note 1 to entry: It would be functional to specify the nitriding media, e.g. gas, plasma, oxygen, etc.

3.144

nitrocarburizing

thermochemical treatment (3.207) to produce a hard surface layer on a workpiece containing nitrides
and nitrocarbides to form a compound layer and a diffusion layer below it

Note 1 to entry: It would be functional to specify the treatment media used, e.g. salt bath, gas, plasma, etc.

Note 2 to entry: The term nitrocarburizing should be differentiated from carbonitriding (3.35), which is a
carburizing (3.36) process and takes place above A3 temperature.

3.145
nitrogen profile
nitrogen content as a function of the distance from the surface

3.146

normalizing

heat treatment (3.108) with the object of refining and eventually making uniform the grain size (3.99)
of a ferrous product, and comprising heating (3.109) it at a temperature slightly above A3 [A1 for
hypereutectoid steels (3.117)], without prolonged soaking at this temperature, followed by cooling (3.45)
at a suitable rate to a fine ferritic-pearlitic structure

3.147

normalizing forming

process in which the final deformation is carried out within a certain temperature range, leading to
a material condition equivalent to that obtained after normalizing (3.146), such that the specified
mechanical properties would still be met in the event of any subsequent normalizing
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3.148

overcarburizing

excess carburizing

carbon enriching of the surface layer could induce carbide precipitations during carburizing (3.36) or
could lead to a greater content of retained austenite (3.175) after quench hardening (3.167)

3.149

overheating

oversoaking

heating (3.109) carried out under temperature conditions for a duration such that excessive grain
growth (3.97) is produced

Note 1 to entry: A distinction can be made between overheating, which is due to the temperature effect, and
oversoaking, which is due to the effect of time. An overheated and oversoaked workpiece can be re-treated by
appropriate heat treatment (3.108) or by deformation, depending on the nature of the product.

Note 2 to entry: If a partial melting occurs during overheating, the process is irreversible.

3.150
oxidation
result of the reaction of oxygen with iron and oxide-forming alloying elements in ferrous materials

Note 1 to entry: Oxide layers grow as temperature and time increase.
Note 2 to entry: Iron has three different oxides, wustite (FeO), magnetite (Fe304) and hematite (Fe03).

Note 3 to entry: There should be a distinction between oxidation as a result of an intentional oxidizing (3.151),
e.g. during oxynitriding (3.152), blueing (3.26) or after nitrocarburizing (3.144) or an unintentional effect by
carburizing (3.36) in oxygen containing carburizing media; see internal oxidation (3.124).

3.151

oxidizing

operation in a medium and at a temperature that the polished surface becomes covered with a thin
continuous, adherent film of dark-coloured oxide

Note 1 to entry: After nitrocarburizing (3.144), a thin oxide layer will be produced to get higher corrosion
resistance.

Note 2 to entry: During nitriding (3.143) or nitrocarburizing, oxygen supply could overcome the surface
passivation and promote the diffusion (3.63) of nitrogen.

3.152
oxynitriding
nitriding (3.143) carried out in a medium to which a certain quantity of oxygen has been added

3.153
parent phase
phase (3.156) from which one or more new phases are formed

3.154

patenting

heat treatment (3.108) consisting of austenitizing (3.14) followed by cooling (3.45) under conditions
suitable for producing the appropriate structures for subsequent wire-drawing or rolling

Note 1 to entry: The cooling medium in which patenting takes place should be specified, e.g. air, salt bath, etc.
Note 2 to entry: The patenting method should be specified with the words “continuous”, if the operation would be

carried out continuously on the unwound product or “batch” (discontinuously) if the material would be handled
as one load and remains in the form of a coil or bundle during the heat treatment.
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3.155

pearlite

aggregate of ferrite (3.85) and cementite (3.39) platelets formed by the eutectoid decomposition of
austenite (3.56) and the simultaneously transformation into ferrite and cementite

Note 1 to entry: See Table 1.

Note 2 to entry: Pearlite usually appears as light microscopic lamellar and consists of lamellas of cementite and
ferrite.

3.156
phase
constituent in the microstructure

Note 1 to entry: In steels, these phases are ferrite (3.85), austenite (3.12) and cementite (3.39).

3.157

plasma nitriding

nitriding (3.143) usually at a pressure below atmospheric pressure and with a plasma support to ionize
the nitrogen

3.158

plasma nitrocarburizing

nitrocarburizing (3.144) usually at a pressure below atmospheric pressure and with a plasma support
to ionize the nitrogen and the carbon-spending medium

3.159
potential
partial derivative of the Gibbs free energy with respect to the number of moles of that species

Note 1 to entry: For applications concerning carburizing (3.36).

3.160

precipitation growth

growth of precipitated particles by diffusion (3.63) of elements, dissolve smaller particles into larger
particles

Note 1 to entry: This term shall not be considered a synonym for spheroidizing (3.191).

3.161

precipitation hardening

hardening of a workpiece caused by the precipitation of one or more compounds from a supersaturated
solid solution

Note 1 to entry: See also secondary hardening (3.177).

3.162

precipitation hardening treatment

process of increasing the hardness of metallic materials by precipitating of compounds from a
supersaturated solid solution, consisting of solution annealing (3.188) to solve specific elements,
followed by rapid cooling (3.45) to hold the solved elements in supersaturated solution and precipitating
special compounds by a tempering treatment

3.163

preheating

operation consisting of raising the temperature of a workpiece to one or more temperatures,
intermediate between the initial and the maximum temperature, and holding it there for a certain time
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3.164
proeutectoid constituent
product formed from austenite (3.12) prior to eutectoid transformation (3.83)

Note 1 to entry: In the case of hypoeutectoid steel (3.118), the proeutectoid constituent is ferrite (3.85). In
hypereutectoid steels (3.117), the proeutectoid constituent is cementite (3.39).

3.165

protective gas

gas used to avoid the change of composition of the surface layer of workpieces during heat treatment
(3.108), usually used to produce a protective furnace atmosphere

Note 1 to entry: Protective gas is usually used to avoid oxidation (3.150) or decarburization (3.54).
Note 2 to entry: The composition of protective gases depends on the purpose of its use.
Note 3 to entry: Best protection is treatment in vacuum furnaces.

3.166

quench-hardened layer

surface layer of a quench-hardened workpiece, the thickness of which is usually defined by the depth of
quench hardening (3.167)

3.167

quench hardening

process of hardening a workpiece, obtained after austenitizing (3.14), by cooling (3.45) under conditions
such that the austenite (3.12) transforms more or less completely into martensite (3.137) and possibly
into bainite (3.17)

3.168
quenching
operation which consists of cooling (3.45) a workpiece more rapidly than in still air

Note 1 to entry: Quenching includes direct quenching (3.68).

Note 2 to entry: The use of the term specifying the cooling conditions (3.46) is recommended, e.g. water quenching,
oil quenching, step quenching (3.196), air-blast quenching, etc.

Note 3 to entry: For stainless steels, solution annealing (3.188) can be followed by subsequent quenching.

Note 4 to entry: Quenching is also used, instead of slow cooling, to avoid grain growth (3.97) of a workpiece with
ferritic-pearlitic structure.

3.169

quenching and tempering

quench hardening (3.167) of workpieces followed by tempering at temperature in the range of about
550 °C up to 650 °C to generate a stage characterized by good combination of hardness and toughness

3.170
quenching media
media where quenching (3.168) is performed

Note 1 to entry: Quenching media could be a liquid or a gas or a blend gas, e.g. water, oil, nitrogen, hydrogen and
salt bath.

3.171
quenching temperature
temperature at which quenching (3.168) is initiated

Note 1 to entry: See hardening temperature (3.104).
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3.172

recarburizing

carbon restoration

thermochemical treatment (3.207) intended to restore the carbon content of the surface layer,
decarburized during an earlier treatment

3.173

recovery

annealing (3.8) intended to cause at least partial recovery of the physical or mechanical properties of a
cold-worked ferrous product without apparent modification of its structure

Note 1 to entry: This treatment is carried out at a temperature below that of recrystallizing (3.174).

3.174

recrystallizing

annealing (3.8) to remove strengthening after a cold forming and developing new grains by nucleation
without any change in phase (3.156)

3.175
retained austenite
untransformed austenite (3.12) remaining, at ambient temperature, after quench hardening (3.167)

3.176

scale

layer which is formed on the surface of a workpiece during heat treatment (3.108) in a non-protective
atmosphere

Note 1 to entry: Usually, the scale is an oxide scale and can be removed by blasting or pickling.

3.177

secondary hardening

increasing of the hardness by the tempering of quench-hardened steel caused by precipitation of
carbides and transformation of retained austenite (3.175) to martensite (3.137) and bainite (3.17)

Note 1 to entry: Tempering for initiating secondary hardening is often used for tool steels.

Note 2 to entry: The carbon content of the retained austenite is decreasing and the martensite transformation is
continuous.

3.178
secondary martensite
martensite (3.137) formed during secondary hardening (3.177)

3.179

segregation

inhomogeneous concentration of elements in steel, e.g. carbon, sulfur and manganese, due to the slow
heat transfer during solidification

Note 1 to entry: Diffusion annealing (3.64) can decrease the segregation. Modern steelmaking and continuous
casting have largely overcome this problem.

3.180
self-quenching
quenching (3.168) of an workpiece

Note 1 to entry: The function presupposes a sufficient relation between the mass of the cold core area and the
heated area below the surface.

Note 2 to entry: In case of austenitized hardenable steels the phenomenon can be used to quench-harden a
workpiece, see for example 3.129.
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3.181

sensitization

increase in the sensitivity of stainless steels to intergranular corrosion due to the precipitation of
carbides at the grain boundaries

Note 1 to entry: In order to study the resistance to intergranular corrosion, a sensitizing treatment is used (see

SO 3651-2).

3.182
sherardizing
surface treatment into and on a workpiece (3.201) relating to zinc (zinc diffusion layer)

3.183

siliconizing

surface treatment into and on a workpiece (3.201) relating to silicones
3.184

single-quench hardening treatment

hardening treatment carried out in a single step after carburizing (3.36) and slow cooling (3.45) to
ambient temperature

Note 1 to entry: See Figure 1 b).

Note 2 to entry: It is recommended to refer to the hardening temperature (3.104), e.g. single-quench hardening
from surface-hardening temperature or single-quench hardening from core-hardening temperature.

3.185
soaking
part of the thermal cycle during which the temperature is held constant

Note 1 to entry: It is necessary to stipulate whether the temperature concerned is that of the surface of the
workpiece, the core or any other particular point on the workpiece or on the furnace load.

3.186

softening

soft annealing

heat treatment (3.108) with the object of reducing the hardness of the ferrous product to a given level

Note 1 to entry: Soft annealing slightly below A1 is called subcritical annealing.

3.187
solid solution
homogeneous, solid, crystalline phase formed by two or more elements, at least one metal

Note 1 to entry: A distinction is made between a substitutional solid solution in which the solute atoms are
substituted for those of the solvent and an interstitial solid solution in which the solute atoms are inserted
between those of the solvent.

3.188

solution annealing

solution treatment

heat treatment (3.108) consisting of austenitizing (3.14) to a high temperature followed by cooling
(3.45) sufficiently rapid to avoid new precipitations on return to ambient temperature, e.g. applied to
austenitic stainless steels and maraging steels

3.189
spheroidal graphite iron
grey cast iron (3.38) with spherical graphite

Note 1 to entry: It differs from the grey cast iron with lamellar graphite in its chemical composition, merely due

to the addition of magnesium (from 0,04 % to 0,06 %), cerium and rare earths that influence the formation of
graphite spheres
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Note 2 to entry: Usually nodular cast iron will be heat treated, e.g. austempering (3.11), normalizing (3.146),
quenching and tempering (3.169).

3.190

spheroidite

characteristic soft microstructure consisting of sphere-like globular cementite (3.39) particles within a
ferrite (3.85) matrix

Note 1 to entry: See spheroidizing (3.191) and Table 1.

3.191

spheroidizing

annealing (3.8) just below the A; temperature of steels with long soaking time to bring the carbides in
the form of spheroids

Note 1 to entry: See also precipitate growth (3.160).

3.192

stabilization of retained austenite

phenomenon which reduces or prevents the possibility of the transformation of retained austenite
(3.175) into martensite (3.137) during cooling (3.45) to a temperature below ambient temperature

Note 1 to entry: This stabilization occurs during low temperature tempering or holding at ambient temperature
after quenching (3.168).

3.193

stabilizing

heat treatment (3.108) of a workpiece intended to prevent subsequent dimensional or structural
changes with time

Note 1 to entry: Generally, this treatment causes those changes to occur, which at a later date would be
undesirable.

3.194

stabilizing annealing

annealing (3.8) at around 850 °C with the aim of obtaining precipitation or spheroidization of
compounds, e.g. carbides, in stabilized austenitic stainless steels

3.195

steel

ferrous material the principal element of which is iron and the carbon content of which is not more than
2 % of mass

Note 1 to entry: The presence of large quantities of carbide-forming elements can modify the upper limit of the
carbon content.

Note 2 to entry: The nomenclature for unalloyed steels suitable for heat treatment (3.108) and for alloyed steels
is defined by ISO 4948-1 and ISO 4948-2.

3.196

step quenching

quenching (3.168) during which cooling (3.45) is temporarily interrupted by soaking in a medium at a
suitable temperature

Note 1 to entry: This term should not be used to designate interrupted quenching (3.125).

3.197

stress relieving

annealing (3.8) at temperatures below A1 to reduce the internal stresses without substantially
modifying the structure of a workpiece or ferrous product down to a level, at which internal stresses
would be minimized, followed by slow cooling (3.45)
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3.198

sub-zero treating

deep freezing

treatment carried out after quench hardening (3.167) or case hardening (3.37), consisting of cooling
down below room temperature to complete the transformation of austenite (3.12) to martensite (3.137)

Note 1 to entry: Retained austenite (3.175) would transform to martensite or martensite and bainite (3.17).

3.199
sulfidizing
surface treatment into and on a workpiece (3.201) relating to sulfur

3.200
surface-hardening treatment
quench hardening (3.167) restricted to the surface layer

Note 1 to entry: It is expedient to specify the method of heating (3.109), e.g. flame, induction, laser beam, electron
beam etc.

Note 2 to entry: The quenching (3.168) can occur from outside the workpiece or by self-quenching (3.180).

3.201

surface treatment into and on a workpiece

thermochemical treatment (3.207) intended to import a metallic element or a metalloid into and on a
workpiece

Note 1 to entry: Specific treatments for modifying the surface layer are, for example, case hardening (3.37),
nitrocarburizing (3.144), aluminizing (3.7), boriding (3.28), chromizing (3.40), siliconizing (3.183), nitriding
(3.143), sherardizing (zinc diffusion coating) (3.182), sulfidizing (3.199) and vanadizing (3.216).

Note 2 to entry: Specific treatments for coating are hot-dip coating, chemical vapour deposition (CVD) and
physical vapour deposition (PVD).

3.202

temper embrittlement

embrittlement (3.76) which affects certain quenched and tempered steels during tempering at certain
temperatures or during slow cooling (3.45) through these temperatures

3.202.1

irreversible temper embrittlement

blue brittleness

temper embrittlement (3.202) that occurs during soaking of certain quenched hardened steels in the
temperature range of about 250 °C to 375 °C

Note 1 to entry: It is caused by segregation (3.179) and precipitation of carbon and nitrogen on dislocations (3.69)
and is usually handled by alloying steels with aluminium and titanium.

3.202.2

reversible temper embrittlement

temper embrittlement (3.202) that occurs during tempering of quench-hardened steels in the
temperature range of 450 °C up to 550 °C or after tempering at a higher temperature and during slow
cooling (3.45) through this range

Note 1 to entry: Itis caused by segregation (3.179) of trace elements such as Sb, P, As and Sn and is usually avoided
by alloying with sufficient amounts of tungsten or molybdenum.

Note 2 to entry: The reversible temper embrittlement reveals itself by a displacement of the transition curve for
the impact strength of the base metal towards higher temperatures.

Note 3 to entry: The reversible temper embrittlement can be cured by a second tempering at a temperature above
550 °C followed by rapid cooling.
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3.203

tempering

heat treatment (3.108) applied to a ferrous product, generally after quench hardening (3.167), or another
heat treatment to bring the properties to the required level, and consisting of heating (3.109) to specific
temperatures (<A1) and soaking one or more times, followed by cooling (3.45) at an appropriate rate

Note 1 to entry: The tempering treatment could be done one time or more times, especially tool steels should be
tempered at least two times.

Note 2 to entry: Depending of the tempering temperature the hardness will be reduced and the toughness will be
increased.

Note 3 to entry: Tempering can also, in certain cases, cause an increase in hardness. See secondary hardening
(3.177).

3.204

tempering curve

tempering diagram

graphical representation of the relationship between mechanical properties and tempering temperature
for specified tempering times

3.205

thermal crack

crack or fissures of heat treated workpieces caused by too big differences of internal stresses between
surface and core at heating (3.109), cooling (3.45) or quench-hardening operation

Note 1 to entry: Generally, the term crack is qualified by an indication of the conditions under which the crack
appeared, e.g. heating crack, quenching crack, etc.

3.206
thermal cycle
variation of temperature as a function of time during heat treatment (3.108)

3.207

thermochemical treatment

heat treatment (3.108) in a medium suitably chosen to enrich the surface layer of a workpiece with
desired elements such as carbon or nitrogen

Note 1 to entry: The process parameters of the thermochemical treatment can be controlled by instruments and
data processing.

Note 2 to entry: The targets of thermomechanical treatments are to produce a fine grain, tough and high
tensile structure which cannot be achieved or repeated by heat treatment alone and improved weldability and
formability of a steel product.

3.208

thermomechanical control process

TMCP

controlled rolling process in which the final deformation is carried out in a certain temperature range
followed by air cooling or controlled cooling

Note 1 to entry: Leading to a material condition with certain properties which cannot be achieved or repeated by
heat treatment (3.108) alone, thermomechanical rolling can include tempering (3.203), including self-tempering
(3.16) but excluding direct quenching (3.68) and quenching and tempering (3.169).

3.209
through-hardening
quench hardening (3.167) to achieve martensite (3.137) forming up to the core of a workpiece

Note 1 to entry: Depending on the geometry of the workpiece, steel used and conditions during the hardening
process, it could not always be possible to get a core microstructure only consisting of 100 % martensite.
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3.210

transformation diagram

presentation of austenite (3.12) transformation of ferrous materials in dependence of time and
temperature for a given steel composition

Note 1 to entry: Set of curves drawn in a semi-logarithmic coordinate system with logarithmic time/temperature
coordinates which define, for each level of temperature, the transformation of austenite as beginning and ending
the transformation to other phases (3.156).

Note 2 to entry: At the end of transformation, the amount of constituents of the microstructure and the hardness
can be read out.

3.210.1

time-temperature-transformation diagram

TTT diagram

diagram which presents isothermal transformation of austenite (3.12)

Note 1 to entry: TTT diagrams can read out after the end of transformation, the volume-% of each phase (3.156)
and its hardness.

3.210.2

continuous-cooling-transformation diagram

CCT diagram

diagram which presents continuous cooling transformation of austenite (3.12)

Note 1 to entry: At the 500 °C line, the cooling parameter, A, divided by 100 or directly in seconds for the
temperature range between 800 °C and 500 °C can be read out.

3.211
transformation point
temperature of transformations from one microstructures to another microstructures

Note 1 to entry: The term shall be completed by indication of the kind of the microstructure, e.g. transformation
point of the martensitic stage, pearlitic stage etc.

3.212
transformation range
interval of temperature within which a product undergoes a change of phase (3.156)

3.213

transformation temperature

temperature at which a change of phase (3.156) occurs and, by extension, at which the transformation
begins and ends when the transformation occurs over a range of temperatures

Note 1 to entry: The following principal transformation temperatures can be distinguished in steels:

— Ay, equilibrium temperature defining the lower limit of existence of austenite (3.12);

— Ag, equilibrium temperature defining the upper limit of existence of ferrite (3.85);

— Ap, equilibrium temperature defining the upper limit of existence of cementite (3.39) in hypereutectoid steels
(3.117);

— Mg, temperature at which the austenite begins to transform into martensite (3.137) during cooling (3.45);
— My, temperature at which the austenite has almost completely transformed into martensite during cooling;
— My, temperature at which x vol.-% of the austenite has transformed into martensite during cooling.

3.214

two-stage nitriding

nitriding (3.143) with at least one change in the nitriding conditions (temperature and/or gas
composition), intended to reduce the thickness of the compound layer
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3.215
vapour film
film formed on the piece to be hardened in the first stage of water and oil quenching

3.216
vanadizing
surface treatment into and on a workpiece (3.201) relating to vanadium

3.217

water emulsion

polymer solution

quenching media (3.170) which is a mixture of water and polymers

Note 1 to entry: Water emulsion allows slower cooling rate (3.48) than water and helps to avoid cracks and
distortion (3.70).

3.218

Widmannstaetten structure

structure resulting from the formation of a new phase (3.156) along certain crystallographic planes in
the parent solid solution

Note 1 to entry: In the case of hypoeutectoid steel (3.118), it appears in a metallographic section in the form of
ferrite needles in a pearlite (3.155) background. In the case of hypereutectoid steels (3.117), the needles consist of
cementite (3.39).

3.219

work hardening

strain hardening

strengthening of a metal by deformation

Note 1 to entry: This strengthening occurs because of dislocation movements and dislocation generation within
the crystal structure of the material.

Note 2 to entry: Work-hardened structure can be removed by recrystallization heat treatment.

30 © IS0 2017 - All rights reserved



Annex A
(informative)

Equivalent terms

BS EN ISO 4885:2017
ISO 4885:2017(E)

Table A.1 gives the alphabetical list of terms defined in this document and their equivalents. The
following rules have been applied in preparing this table:

— one single equivalent per language has been used for one given term;

— the same equivalents have been used for a term and its synonym.

Table A.1 — Equivalent terms

English Ref. No.2 French | German | Chinese | Japanese
A
acicular structure 31 structure acicu-  |Nadelférmiges ERtReE 1 FRIGHERE
laire Gefiige/
Nadeliges Geflige
activity 3.2 activité Aktivitat TEE e
ageing 3.3 vieillissement Altern IR EFh
air hardening steel ~ |3.4 auto-trempant Lufthartender TTIEE | 2 L
(acier) Stahl
alpha iron 3.5 fer a a-Eisen a’k ak
alpha mixed crystal 3.6 avec présence o-Mischkristall a [ -
de ferrite
aluminizing 37 aluminisation Aluminieren B TNIFATT
annealing 3.8 recuit Glithen Bk BErREL
ausferrite 39 austénite-ferrite |Ausferrit B AR F—27=FA k
(structure)
ausforming 3.10 austéniformage  |Austenitformharten BRAIARI | A —A T+ — A
Qb
austempering 3.11 trempe étagée Austempern SRR Fr—2F L
bainitique DURAREE R
K
austenite 3.12 austénite Austenit BRI A A —AT Ak
austenitic steel 3.13 acier austénitique |Austenitischer Stahl BG4 FA—ATFA Nl
austenitizing 3.14 austénitisation  |Austenitisieren B AAAL F—ATFA Mk
austenitizing 3.15 température Austenitisiertemperatur | BI[CIALIEREE | A —27 T Mb
temperature d’austénitisation 1
auto-tempering/ 3.16 auto-revenu Selbstanlassen EIEIPS F—hr7 X
self-tempering
B
bainite 3.17 bainite Bainit DK AA _AFAk
bainitizing 3.18 bainitisation Bainitisieren TLEARAY, RAFALAY
Ve
bake hardening steel |3.19 acier a bake Bake-hardening-Stahl  |#bERILAN | BRIESEAIIEAL
hardening TG

a  Reference number of the term in this document.
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English Ref. No.2 French German Chinese Japanese
baking 3.20 déshydrogénation |Dehydrieren; Wasserst- | i S ALFE RAFT
offentzug Durch Glihen
banded structure 3.21 bandes (structure |Zeilengefiige; Zeilen- TR U EPRAR A%
de) struktur
blacking 3.22 brunissage Briinieren KA | Bk
black nitriding 3.23 nitruration noire |(no German equivalent) |Z% %L Bz
blank nitriding 3.24 nitruration a blanc |Blindnitrieren THBEAR A "
batch annealing/ 3.25 recuit base Haubengliihen HEiE K/ FbEIREL
box annealing B AE K
blueing 3.26 bleuissage Bliuen R WE AL EE TN—A T
boost-diffuse carbur- |3.27 cémentation Mehrstufiges Aufkohlen [T #USHE | 7 —A MEEKIR
izing étagée 1%
boriding 3.28 boruration Borieren Bl RNIATA T
bright annealing 3.29 recuit blanc Blankgliihen JesEiRk JEBEBEIREL
burning 3.30 brilure Verbrennung pup s SN
C
carbon activity 3.31 activité du car- Kohlenstoffaktivitit; R JRIZDNE B
bone C-Aktivitat
carbon mass transfer |3.32 coefficient de Kohlenstoffiiber- WAL R | REOEEBH)
coefficient transfert du car- |gangszahl %5k
bone
carbon level 3.33 teneur en carbone |Kohlenstoffpegel k& & =R L
carbon profile 3.34 courbe de réparti- |Kohlenstoffverlauf WEEMMM | IRFBIBEOE
tion du carbone HER
carbonitriding 3.35 carbonitruration |Carbonitrieren WERILE RRZE
carburizing 3.36 cémentation Aufkohlen B B IR
case hardening 3.37 (no French equiva-|Einsatzharten KIMAEAL, X7 hEE
lent)
castiron 3.38 fonte Gusseisen A4k ek
cementite 3.39 cémentite Zementit BRI BAEA
chromizing 3.40 chromisation Chromieren B A= SN
compound layer 3.41 couche de combi- |Verbindungsschicht WEMZE Hes =]
naison
continuous annealing |3.42 recuit continu Kontinuierliches Glithen |i#%4EiE k EREHEZREL |
foeHEH
continuous-cooling- [3.43 diagramme de Kontinuierliches Zeit- |44 HFEAS |dli/n A RETR
transformation transformation  |Temperature- K (CCTE) (CCTE )
diagram en refroidisse- Umwandlungsschaubild Y
(CCT diagram) ment continu (en |(Kontinuierliches
conditions aniso- |ZTU-Schaubild)
thermes)
(diagramme TRC)
controlled rolling 3.4 laminage contrdlé |Kontrolliertes Walzen |2l %L A A2
cooling 3.45 refroidissement  |Abkiihlen B N
cooling conditions 3.46 refroidissement | Abkiihlbedingungen B YEEAll
(mode de)

a  Reference number of the term in this document.
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English Ref. No.2 French German Chinese Japanese
cooling function 3.47 refroidissement  |Abkiihlfunktion IR mEIBAEL
(loi de)
cooling rate 3.48 refroidissement | Abkiihlgeschwindigkeit |13 AN
(vitesse de)
cooling time 3.49 refroidissement | Abkiihldauer VN [a] 1 HIRERH
(durée de)
core refining 3.50 affinage a cceur  |(no German equivalent) |[UEBgikigifl | EiRE
critical cooling course |3.51 refroidissement | Kritischer Abkiihlverlauf |l 54 X2 | Be S48 FHIHER
critique (inter-
valle de)
critical cooling rate  |3.52 refroidissement | Kritische Ab- I VA ETH | 6 S v ek i
critique (vitesse |kiihlgeschwindigkeit
de)
critical diameter 3.53 diametre critique |Kritischer Durchmesser |IlfiftEf% e S
de trempe
D
decarburization 3.54 décarburation Entkohlung iR T
decarburizing 3.55 décarburation Entkohlen Pt Ak 2 It £ AL
(traitement de)
decomposition of 3.56 décomposition de |Austenitzerfall B | AT A D
austenite l'austénite 53 i
delta iron 3.57 fer § 5-Eisen 88k TN (6) 8k
depth of carburizing/ |3.58 profondeur de Aufkohlungstiefe BWERE  |[IRRRS
carburizing depth cémentation
depth of decarburiza- |3.59 profondeur dé-  |Entkohlungstiefe Wik ZIRE | R ER S
tion/ carburée
decarburization depth
depth of hardening  [3.60 profondeur de Einhidrtungstiefe WL EIRE | B LB S
durcissement par
trempe
depth of nitriding/  |3.61 profondeur de Nitriertiefe BRIZRE | ZEERS
nitriding depth nitruration
destabilization of 3.62 déstabilization  |Destabilizierung des BREBEIARL) | FEA—AT A
retained austenite de l'austénite Restaustenits AFENE rORZZELL
résiduelle
diffusion 3.63 diffusion Diffusion ETE EIN:/
diffusion annealing  |3.64 recuit de diffusion |Diffusionsglithen YV HURK /L) | PEEBE R EL
SR K
diffusion treatment |3.65 diffusion (traite- |Diffusionsbehandlung |4 #Ab# DL
ment thermique
ou opération de)
diffusion zone 3.66 zone de diffusion |Diffusionszone T EZ EIIN:
direct-quench 3.67 durcissement par |Direkthirten B | B AL
hardening trempe directe G OSEH
(traitement de)
direct quenching 3.68 trempe directe Direktabschrecken BEREK EHEBEAAL
dislocation 3.69 dislocation Versetzung i AT
distortion 3.70 déformation (de |Verzug (durch Wiarme- |Z5j I
traitement ther- |behandlung)
mique)
a  Reference number of the term in this document.
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English Ref. No.2 French German Chinese Japanese
double-quench 3.71 durcissement par |Doppelhirten TIRPEKAEAL | AL
hardening treatment double trempe AL

(traitement de)
E
effective case depth  |3.72 profondeur con-  |Effektive Einsatzhirte- |[{BA R | 1R 5% OH 2hbE
after carburizing/ ventionnellede |tiefe SRR N LIRS
case-hardening cémentation
hardness depth/
carburizing depth
effective case depth  [3.73 profondeur con- |Effektive Nitriertiefe BRANEN | ZbE DA NE
after nitriding ventionnelle de FRE AN EIRS
nitruration
effective case depth  [3.74 profondeur Effektive Einhirtetiefe |REVEXER | FEH{LEZEOH
after surface conventionnelle |nach Randschichtharten |f{b/ZVRE | ZhBE AT LIRS
hardening/ de durcissement
surface hardening par trempe apres
hardness depth chauffage super-
ficiel
electron beam 3.75 durcissement par |Elektronenstrahlhirten |H-FHf#{l | E-E—2L0E
hardening faisceau d’élec- AL At
trons
embrittlement 3.76 fragilisation Versprodung e JfeA b
endogas 3.77 (no French equiva- | Endogas AR | R
lent)
endothermic 3.78 atmosphére endo- |Endotherme Atmosphire |RAR | WEMETRFAR
atmosphere thermique
epsilon carbide 3.79 carbure € e-Carbid e i) A7 va Rl
7
equalization 3.80 (no French equiva- | Durchwirmen BiR HEEAY
lent)
equilibrium diagram |3.81 diagramme Gleichgewichtsdia- P AR Y E RN
d’équilibre gramm
equivalent diameter |3.82 diameétre équiv- | Aquivalenter durch- MEER Y ERERE
alent messer
eutectoid 3.83 eutectoide (trans- |Eutektoide umwandlung | 3JE#5548 A s he
transformation formation)
exothermic atmos-  [3.84 atmosphére exo- |Exotherme atmosphire |JU#HASGF [ FEWEZRHA
phere thermique
F
ferrite 3.85 ferrite Ferrit BREAK ESZ G
ferritic steel 3.86 acier ferritique Ferritischer stahl BREARN 774 Nl
flame hardening 3.87 (no French equiva-|Flammbhairten KAEEEK RBEAI
lent)
fluidized bed 3.88 lit fluidisé Wirbelschicht WMAIR NEUIZS
full annealing 3.89 recuit complet (no German equivalent) |584=iEk SEEREIREL
furnace atmosphere |3.90 atmosphere de Ofenatmosphire PR FFNFRHA
four
G
gamma iron | 3.91 | fery y-Eisen | vk | y &k

a

Reference number of the term in this document.
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English Ref. No.2 French German Chinese Japanese

gamma mixed crystal |3.92 avec présence y-Mischkirstall v [ A -
d’austénite

gas quenching 3.93 trempe pargaz | Gasabschrecken RATK T ABEANI

grain 3.94 grain Korn AL P A

grain boundary 3.95 joint du grain Korngrenze titTs A AR

grain coarsening 3.96 grossissement du |Grobkorngliihen mnREREAY, FEARIHL b
grain (recuit de)

grain growth 3.97 grossissement de |Kornwachstum TP IASIN e R R
grain

grain refining 3.98 affinement de Kornfeinung Ly adiiee e RO
grain

grain size 3.99 taille de grain Korngrosse B i B

graphitic steel 3.100 |acier graphitique |Graphitischer Stahl AN BN

graphitization 3.101  |graphitisation Graphitisierung VEE--YL 4 et

graphitizing 3.102 graphitisation Graphitisieren e | B blE L
(traitement de)

H

hardenability 3.103  |trempabilité Hartbarkeit HEME BENME

hardening 3.104 |températurede |Hartetemperatur kIR BE A

temperature durcissement

heat conduction 3.105 conduction ther- |Wirmeleitung LT EAE
mique

heat convection 3.106  |convection ther- |Warmekonvektion R Boet i
mique

heat radiation 3.107 |radiation thermi- |Wairmestrahlung ARG BN
que

heat treatment 3.108 traitement ther- |Warmebehandlung HALbFE g
mique

heating 3.109 |chauffage Aufheizen In#k P

heating duration 3.110 |chauffage (durée |Wirmedauer JnARE ] SRR
de)

heating function 3.111 chauffage (loi de) |Aufheizfunktion IR AL JINERRE S

heating rate 3.112  |vitesse de Aufheizgeschwindigkeit | jn#s & TR
chauffage/
vitesse de chauffe

homogenizing 3.113 homogénéisation |Diffusionsgliihen et PLEE R E L
(recuit de)

hot forming 3.114 formage a chaud |Warmumformung T ENETINT

hydrogen 3.115 fragilisation par |Wasserstoffversprodung| ZJif§ KEEW ()b

embrittlement I'hydrogene

hydrogen removal 3.116  |recuitde deshy- |Gliihen Zum Entfernen |Z53E . KSR BEIREL

annealing drogénation des Wasserstoffs

hypereutectoid steel |3.117 hypereutectoide |Ubereutektoider Stahl | 344 1t AT 5
(acier)

hypoeutectoid steel |3.118  |hypoeutectoide |Untereutektoider Stahl |IVJLHT4N i AT 5
(acier)

I

a  Reference number of the term in this document.
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English Ref. No.2 French German Chinese Japanese
impulse hardening  [3.119 durcissement par |Impulshirten ke K EEEBE AL
impulsions
impulse heating 3.120 |impulsions Impulswirmen i #4 EEEANEL
(chauffage par)
induction hardening [3.121 durcissement par |Induktionshirten JENIAK =SNG
induction
inter-critical 3.122 recuit intercri- a +y -Glithen IMAXIBK/ | ZERESR e/
annealing/ tique/ a +y -Behandlung MDA | L/
inter-critical traitement inter- IR REIR PN AL B
treatment critique
intermetallic 3.123  |intermétallique |Intermetallische SRR EY |&RFEEY
compound (composé) verbindung
internal oxidation 3.124  |oxydation interne |Innere Oxidation SE=veq PR L
interrupted 3.125 trempe interrom- |Unterbrochenes Ab- KSR /S| FWrBE AL
quenching pue schrecken TEK
isoforming 3.126 isoformage Umformperlitisieren SRR | A T —4
Ak ab P
isothermal annealing [3.127 recuit isotherme |Isothermes Glithen ENTEEYS FIRBEREL
J
Jominy test/ 3.128  |Jominy (essai) Stirnabschreckversuch | RKigHigEtE | vaI=—iBr /
= i i '\é' L e =5
end-quenching test e e AR
L
laser beam 3.129 |durcisssement Oberflichenhirtung WOERMERE | L—W —BE A
hardening superficiel laser  |mittles Laser S OSE
Ledeburite 3.130 Lédéburite Ledeburit SEAR L—F 774 R
local hardening 3.131 durcissement Lokales Harten SRR BT BEAIL
local par trempe
low pressure carbur- {3.132  |cémentation sous |Niederdruckaufkohlung |5 i5H% ENER 4
izing pression réduite
M
malleablizing 3.133 malléabilisation | Tempern TBRALIR K 7)%7“’7‘4"‘/“
(recuit de) N4
maraging 3.134  |maraging (traite- |Martensitausharten LRV 2N G ] P sE
ment de) LS
maraging steel 3.135 |acier maraging |Martensitaushartender |ZRAKIIZAN |~/L— 8
stahl
martempering 3.136 trempe étagée Warmbadhéarten LERARD R |~ TN
martensitique K /G PBK
martensite 3.137 martensite Martensit EERRN /LT YA R
maximum achievable [3.138 capacité de Aufhirtbarkeit HIABIECK | Bl S
hardness durcissement par figi
trempe
McQuaid-Ehn grain  [3.139 détermination de |Priifung der Korngrofe |ZFZZEM—1A |<v/7rf Fo—1
size test la taille de grain  |nach McQuaid-Ehn BRCR SRS | # L B aER
par la méthode de I
McQuaid-Ehn
medium 3.140 milieu Mittel; medium PN LI
metastable 3.141 métastable Metastabil WAERES |HELE
a  Reference number of the term in this document.
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English Ref. No.2 French | German | Chinese | Japanese
N
nitride 3.142  |nitrure Nitrid F&Y EX(a7)
nitriding 3.143  |nituration Nitrieren BR Esile
nitrocarburizing 3.144 nitrocarburation |Nitrocarburieren AEILE &AL
nitrogen profile 3.145  |profil d'azote Stickstoffprofil B AT ERIREDEAL
HeR
normalizing 3.146  |normalization Normalgliihen 1Bk BERBL
(traitement de)
normalizing forming |3.147 formage normal- |Noramlisierendes Um- | Ik %% e B UL
isant formen
0
overcarburizing/ 3.148  |surcarburation |Uberkohlung Bk AR PR
excess carburizing
overheating/ 3.149  |surchauffe Uberhitzen/ AR RE R ONE R
oversoaking (no German equivalent)
oxidation 3.150 oxydation Oxidation Atk 319
oxidizing 3.151 |oxydante Oxidieren Adesb e Fef b ALER
oxynitriding 3.152  |oxynitruration Oxynitrierung ARz ezt
P
parent phase 3.153 phase-meére Mutterphase BEAH A
patenting 3.154 |patentage Patentieren IREMMEI) |\ NTTFT
RV AL 2
pearlite 3.155 |perlite Perlit Bopik IN—TF4 |
phase 3.156  |phase Phase A A
plasma nitriding 3.157 nitruration par Plasmanitrieren BEFBR I X<wEEAL
plasma
plasma nitrocarbur- |3.158 carbo-nitruration |Plasmacarbonitrieren |BFEIE | 7T A< REl
izing par plasma
potential 3.159 potentiel Potential = N ARG
precipitation growth |3.160 accroissement/  |Ausscheidungswachs-  [#THEK Hriti®pk &
grossissement de |tum
la précipitation
precipitation 3.161 durcissement par |Ausscheidungshartung |JERE{L HritasE(b
hardening précipitation
precipitation 3.162  |durcissement Aushirten DUUERIL ALY | B (L AL B
hardening treatment par précipitation
(traitement de)
preheating 3.163 préchauffage Vorwirmen T TEL
proeutectoid 3.164 proeutectoide Voreutektoide Ausschei- | /oEHTiA WINTAE RO R
constituent (constituant) dung
protective gas 3.165 |gaz protecteur/ |Schutzgas RPER | OREETRPHSKIT A
atmosphere
protectrice
Q
quench-hardened 3.166  |couche durcie par |Einhirtungsschicht WKL | BEATE LS
layer trempe
quench hardening 3.167 durcissement par |Abschreckhirten HEKREAL BENEAL
trempe
a  Reference number of the term in this document.
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English Ref. No.2 French German Chinese Japanese
quenching 3.168 |trempe Abschrecken K BEAT
quenching and 3.169 trempe et revenu |Vergiiten LAEIDS BEABER L
tempering
quenching media 3.170  |milieu de trempe [Abschreckmedium BRI BEABEA
quenching 3.171 température de  |Abschrecktemperatur |4k iR & fe NI
temperature trempe
R
recarburizing/ 3.172 recarburation Wiederaufkohlen HEmR AL FR Hix
carbon restauration
recovery 3.173 restauration Erholung 1§ [F11E

(traitement de)
recrystallizing 3.174  |recristallisation |Rekristallisationsgliihen | F4% % P
(traitement de)
retained austenite 3.175 austénite résidu- |Restaustenit & B B EGAAR TR —2T
elle Ak
S
scale 3.176 calamine Skala AR R B A —L
secondary hardening |3.177  |durcissement Sekundérhirtung IR IR
secondaire
secondary 3.178 martensite secon- |Sekundirmartensit IR AR “R~T
martensite daire Ak
segregation 3.179 ségrégation Segregation AT TRAT
self-quenching 3.180 |auto-trempe Selbstabschrecken EFYS HOBEAIL
sensitization 3.181 sensibilisation Sensibilisierung Bk it
sherardizing 182  |shérardisation Diffusionsverzinken; B TEIHATT
Sherardisieren
siliconizing 3.183  |siliciuration Silizieren Bt VafAovs
single-quench 3.184  |durcissement par |Einfachhirten FRKEEME | B BE A L
hardening treatment simple trempe AbTH ALE
(traitement de)
soaking 3.185 |maintien (a Halten PRI PIEN
température)
softening/ 3.186  |recuit d’adoucisse-|Weichgliihen YA/ PaRK  (#(E / RAbBE
soft annealing ment eEL
solid solution 3.187 solution solide Feste Losung RSN [E VAR
Mischkristall
solution annealing/ |3.188 |mise en solution |Lésungsglithen/ VIR /[l | v bBE R E L
solution treatment (traitement de) ou |Lésungsbehandeln B / B
hyper trempe
spheroidal graphite [3.189 fonte a graphite | Gusseisen mit Kugel- EREB 5k BROIREBEn R
iron sphéroidal graphit
spheroidite 3.190 (no French equiva- | Spheroidit HoRis ik | BRI
lent)
spheroidizing 3.191 globularisation Glihen auf Kugelige BRACALRE Rk
(recuit de) Karbide
stabilization of 3.192 stabilization de  |Stabilizierung des Res- | 7REHEIIKN (FREEA—AT A
retained austenite l'austénite résidu- |taustenits FaEM oz E L

elle

a  Reference number of the term in this document.
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English Ref. No.2 French German Chinese Japanese
stabilizing 3.193 stabilization Stabilizieren FaEft L EILEE
(traitement de)
stabilizing annealing |3.194 stabilization de  |Stabilglithen faEfbiB -k |"ZEFEREL
l'austénite (recuit
de)
steel 3.195 acier Stahl N il
step quenching 3.196  |trempe étagée Gestuftes Abschrecken | 7;Zi%k BXPEBE AL
stress relieving 3.197 relaxation (traite- |Spannungsarmglithen |5k /) INVALC S
ment de)
sub-zero treating/ 3.198 traitement par le |Tieftemperaturbehan- |/A4bFE, BT e AL
deep freezing froid deln; Tiefkihlen VR U
sulfidizing 3.199 sulfonitrocarbu- |Sulfonitrocarburieren | UkAFE YV T TAY
ration N
surface hardening 3.200 |durcissement par |Randschichthirten FIMEK Fm L ALER
treatment trempe apres-
chauffage superfi-
ciel (traitement de)
surface treatment 3.201  |traitement de sur- |Oberflichenbehandlung | H4bHE ey dniil
face dans et sur
une piece
T
temper 3.202  |fragilité de revenu |Anlassversprodung [l K ffe BERE Y WE
embrittlement
irreversible temper |3.202.1 |fragilisation Irreversible Anlassver- | A~ A [A] K ifE | AN ATHAH6E R
embrittlement/ irréversible par  |sprédung/ 4/ Y
blue brittlement traitement ther- |Blausprodigkeit G
mique/ e
fragilisation au
bleu
reversible temper 3.202.2 |fragilisation Anlassverspréodung AR AN | AT R BE A
embrittlement réversible par Reversible UM
traitement ther-
mique
tempering 3.203 revenu Anlassen G BERL
tempering curve/ 3.204  |courbe de ré- Anlasschaubild A K 28, S5 B2 AR
tempering diagram sistance au revenu [6] X [&]
thermal crack 3.205 |tapure Wirmebehandlungsriss | #24 sl
thermal cycle 3.206  |cycle thermique |Zeit-Temperatur-Folge |#FFF A7
thermochemical 3.207 |traitement ther- |Thermochemische Be- |[{L2E# bR | BV LA LE]
treatment momeécanique handlung
thermomechanical  |3.208  |procédé de traite- |Thermomechanischer | #HUbA%I T |EVN T
control process ment thermomé- |Kontrollierter Prozess | 2/ 442% | (TMCP)
(TMCP) canique controlé T Z(TMCP)
through-hardening  |3.209  |durcissement par |Durchhirtung oLiS7 ESL TN T[4
trempe a coeur
transformation 3.210 diagramme de Umwandlungsschaubild | #4742 %] ZEREHHR (TTHR
diagram transformation )
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English Ref. No.2 French German Chinese Japanese
time-temperature-  |3.210.1 |diagramme de Isothermes Zeit-Temper- | S5RFAEARE]/ | S50E 2 HE dhifR
transformation transformation atur-Umwandlungss- TTTE (TTTHREIX])
diagram/ isotherme chaubild (Isothermes
TTT diagram ZTU-Schaubild)
continuous-cooling- [3.210.2 |diagramme de Kontinuierliches TE SR FNFEAY | e BV S RERR
transformation transformation  |Zeit-Temperatur-Um- K/ B (CCTHA)
diagram/ en refroidisse- wandlungsschaubild CCTIE]

CCT diagram ment continu (en |(Kontinuierliches

conditions aniso- |ZTU-Schaubild)

thermes)
transformation point |3.211 point de transfor- |Umwandlungspunkt AR ERE AR

mation
transformation range (3.212 intervalle critique |Umwandlungsbereich | #5255 JSRE I
transformation 3.213  |températurede |Umwandlungstemper- | HHAZIR ZEREIR B
temperature transformation atur/

Umwandlungspunkt

two-stage nitriding  |3.214 nitruration Zweistufiges nitrieren | HBIE % “BE=E{b

séquencée
\"
vapour film 3.215 film de vapeur Dampffilm IR R
vanadizing 3.216  |vanadisation Vanadieren B INFHAD T
W
water emulsion/ 3.217  |emulsion acqueuse |Wassrige Emulsion/ REVIKE | KEEMHEREATR /
polymer solution Polymerlsung KA RN ~—hE NiK
Widmannstaetten 3.218  [structure de Wid- |Widmannstitten Struk- |%f[C41Z1 UA RV AT
structure mannstitten tur VAR it
work hardening/ 3.219  |durcissement par |Kaltverfestigung I TagEfe/ INTaE . / O
strain hardening écrouissage AL, Ik

a  Reference number of the term in this document.
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