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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 proced d e ) e are
described in the ISO/IEC Dlrectlves Part 1.In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

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

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explarjation on the meaning of ISO specific terms and expressions related to conformity assesgment,
as well as information about ISO’s adherence to the World Trade ©rganization (WTO) principles fn the
Technical Bafriers to Trade (TBT) see the following URL: www:i§o.org/iso/foreword.html.

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

This second gdition cancels and replaces the first edition (ISO 4885:1996), which has been techitically
revised.
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Fer

1 S

rous materials — Heat treatments — Vocabulary

cope

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.

Anne
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acicullar structure
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3.2
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effectlive concentration of species under non-ideal (e.g. concentrated) conditions; for hq

(3.10

and i ferrous materials

Note 1
(3.12)
the sa

3.3
agein
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k A provides an alphabetical list of terms defined in this document, as well as theif\e
h, German, Chinese and Japanese.

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

ormative references

are no normative references in this document.

erms and definitions

1d [EC maintain terminological databases for use in stahdardization at the following

C Electropedia: available at http://www.electropedia.org/

fure which appears in the form of heedles in a micrograph

ty

B), this means the effective concentration of carbon or nitrogen (or both) in heat treg

to entry: Ratje efthe vapour pressure of a gas (usually carbon or nitrogen) in a given state (¢
of specific eatbon/nitrogen concentration) to the vapour pressure of the pure gas, as a refe
ne tempefature.

)
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<ing 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

DEPR

ECATED: self-hardening steel

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

in obj

ects of considerable size
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3.5
alpha iron

017(E)

stable state of pure iron at temperatures below 911 °C

Note 1 to entr
Note 2 to entr

3.6

y: The crystalline structure of an alpha iron is body-centred cubic.

y: Alpha iron is ferromagnetic at temperatures below 768 °C (the Curie point).

alpha mixed crystal
iron with body-centred cubic lattice structure with alloying elements in interstitially or substitutively

solution
Note 1 to entr]
Note 2 to entr]

3.7

aluminizing
DEPRECATE
surface treat

3.8
annealing
heat treatme
cooling (3.45
structural st

Note 1 to ent
the treatment
annealing (3.1

3.9
ausferrite
fine-grained
and ductility

3.10
ausforming

y: The material science for alpha mixed crystal is ferritic.

y: Alpha mixed crystal is ferromagnetic.

D: calorizing
ment into and on a workpiece (3.201) relating to aluminium

nt (3.108) consisting of heating (3.109) and soaking at:a suitable temperature follow
) under conditions such that, after return to ambient temperature, the metal will b
hte closer to that of equilibrium

y: Since this definition is very general, it is advisable to use an expression specifying the
. See bright annealing (3.29), full annealing (3/89), softening/soft annealing (3.186), inter-{
22), isothermal annealing (3.127) and subcritical annealing.

mixture of ferrite (3.85) and stabilized austenite (3.12) which should lead to high har
of austempered ductile cast ixon (ADI)

ed by
e in a

him of
ritical

dness

thermomechdnical treatment (8:207) of a workpiece which consists of plastically deforminjg the

metastable

3.11

austemperi
isothermal h
a workpiece

Note 1 to ent

3.12
austenite

ustenite (3.12) before subjecting it to the martensitic and/or bainitic transformation

g
pat treatmient for producing bainitic (see 3.17 and 3.18) or ausferritic (see 3.9) struct

ure of

Tl

£ 1 L L2 AWY La £ 4 £ 3 + o Y 'y
L ICTIIrar COOTYg (oo co-aoremnecenperatar Crsnotata sptemcTates

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

Note 1 to entr

3.13

y: See also Table 1.

austenitic steel

steel structu

Note 1 to entr

re which is austenitic at ambient temperature

y: Cast austenitic steels can contain up to about 20 % of ferrite (3.85).
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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-t¢mpering
tempering undergone by martensite (3.137) during quenching (3.168) or subsequént coolin

3.17

bainifte

micrdstructure resulting from the transformation of austenite (3.12) att€émperatures aboy
(3.137) start temperature (Ms) and outside the pearlite (3.155) range consisting of ferr
carbigles which are dispersed either inside the ferrite laths (lower bainite) or between the
(uppdr bainite)

Note 1 to entry: See also Table 1.

3.18

bainitizing

auste

a tranjsformation of the austenite (3.12) to bainite\3.17)

3.19
bake
steel

heat greatment (3.108) in the usual.industrial paint processes (in the region of 170 °C for 2

Note
strain

3.20

baking

heat
modi

Note 1 to entry: The treatment is generally carried out following an electrolytic plating or pickling

opera

3.21
band

nitizing (3.14) and quenching (3.168) to a temperature above Mg and isothermal soak

hardening steel
with the ability to gain an incréase of yield strength after a plastic pre-strain and

to entry: These steels have_a good suitability for cold forming and present a high resista
ing (which is increased onfinished parts during heat treatment) and a good dent resistance.

freatment (32108) permitting the release of hydrogen absorbed in a ferrous pro
ying its strueture

ion?

g (3.45)

ye martensite
ite laths and
ferrite laths

ng to ensure

h subsequent
D min)

nce to plastic

Huct without

7, or a welding

ed 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
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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 predeterinined
time-temperpture cycle

3.26

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

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

3.27
boost-diffuge carburizing
carburizing ¢arried 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 enfry: The medium in which boriding takes place should be specified, e.g. pack boriding,| paste
boriding, etc.

3.29
bright annepling
annealing (3|8) in a medium preventing the oxidation (3.150) of the surface and keeps the orjfiginal
surface quality

3.30

burning
irreversible thange in thestructure and properties brought about by the onset of melting at the(grain
boundaries gnd surface

3.31
carbon actiyity
effective corjcentration of carbon under non-ideal (e.g. concentrated) conditions; for heat treafment
(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
carb
therm

Note ]
under

Note 2
Note 3

3.36

lnitriding

ochemical treatment (3.207) to enrich the surface layer with carbon and nitrogen

to entry: The elements are in solid solution in the austenite (3.12), usually the-carbonitrig
boes quench hardening (3.167) (immediately or later).

to entry: Carbonitriding is a carburizing (3.36) process.

to entry: The medium in which carbonitriding takes place should bespecified, e.g. gas, salt

carbuyrizing

DEPR!
therm
surfa

Note 1
Note 2

3.37
case

ECATED: cementation
ochemical treatment (3.207) which is applied to a;workpiece in the austenitic state
ce enrichment in carbon, which is in solid solutien in the austenite (3.12)

to entry: The carburized workpiece undergoes@ench hardening (3.167) (immediately or la

hardening

treatiment consisting of carburizing (3.36) or carbonitriding (3.35) followed by quench hard

to entry: The medium in which carburizing takes place should be specified, e.g. gas, pack, eflc.

ed workpiece

bath, etc.

, to obtain a

ter).

ening (3.167)

Note 1 to entry: See Figure 1.
1

: / \" \

I= \

= 2 5

<%} \

£ \

2 3
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\ \ [

a) Direct-hardening treatment
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b) Single-quench hardening treatment
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c) Quench-hardening treatment with isothermal transformation
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I= \
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d) Double-quench hardening treatment
Key
1  carburizipg, carbonitriding 6  cooling
2 quenching 7  quench-hardening treatment
3  tempering 8 isothermal transformation
4 Acjzcore 9  Acg surface after carburizing
5 Aczsurfag€

Figure 1 — Schematic representation of the possible thermal cycles of various case-hardening

3.38
castiron

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

treatments

© ISO 2017 - All rights reserved
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3.39
cementite

iron carbide with the formula Fe3C

Note 1 to entry: See Table 1.

Table 1 — Iron-carbon (Fe-C) phases

ISO 4885:2017(E)

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)
Cemelntite, Fe3C rombic hard, brittle chemical composition 820 HBW

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

lamelllas (0,4 pm) and hard cementite

Pearljte with fine o + Fe3C, lamellar harder than pearlite with 4006 HBW

lamelllas (0,1 pm) coarse lamellas

Spheroidite a + globular Fe3C soft 120 HBW to 430 HBW,

depending on
carbon and a

loy content

Uppef bainite precipitations of properties such as pearliterwith 400 HBW
Fe3C on surface fine lamellas
of a
Lowef bainite precipitations of strength near martensite, but 600 HBW
Fe3C inside of a tougher than tempered martensite
Marté¢nsite, o, bcg, slightly hard, brittle 250 HV to 950 HYV,
non-tempered tetragonic depending orf carbon
content
Martg¢nsite, o, bcg, slightly softér and tougher than 250 HV to 65 HV,

tempegred tetragonic non-tempered martensite depending on carbon
content and tpmpering
temperature

3.40

chromizing

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

Note 1 to entry: Thesurface layer can consist of practically pure chromium (on low-carbon steels) o

carbide (on high-carbon steels).

3.41

compoundayer

DEPREGATED: white layer

rr of chromium

surface Tayer 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
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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 (of operation to reduce) of the temperature of a hot workpiece continuous,{iscontijuous,
gradually or finterrupted

Note 1 to entr)y: The medium in which cooling takes place should be specified, e.g. in fufnace, air, oil, watgr. See
also quenching (3.168).

3.46
cooling condition
condition(s) [temperature and kind of cooling medium, relative movetnents, agitation, etc.) under which
the cooling (3.45) of the workpiece takes place

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

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

3.48
cooling rate
variation in femperature as a function of timeduring cooling (3.45)

Note 1 to entrfy: A distinction is made betwégen
— aninstantaneous rate corresponding to a specified temperature, and
— anaverage 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 entrfy: 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 carhon 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 ISO 3887.

3.55
decarburizing
thermochemical treatment (3.207) intended to produce decarburization. (3:54) of a workpigce

3.56
decomposition of austenite
austehite transformation

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

3.57
deltajiron
stablg state of pure iron between 1 392 °C and it$\melting point

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

Note 4 to entry: Delta iron is paramagnetic:

3.58
dept‘I of carburizing

carburizing depth
distapce between the surface of a workpiece and a specified limit characterizing the thi¢ckness of the
layer enriched in carbon, which means effective case depth

3.59
depth of decarburization
decarpurization depth

distapce“bétween the surface of a workpiece and a limit characterizing the thickness| of the layer
depletédiin 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 ISO 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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017(E)

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
destabilizat

ion 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

3.63
diffusion
movement of

3.64

diffusion an
heat treatme
and promote|

Note 1 to ent
temperatures

Note 2 to en|
workpieces us

3.65

diffusion tr¢
heat treatme
carbon or nif

Note 1 to entr]

3.66

diffusion zo
surface layef
such as carb

Note 1 to entr]
as carbides or]

Note 2 to entr]

3.67

direct-quen
quench hard
carbonitridin

spontaneously

atoms to new places in ferrous materials

nealing
nt (3.108)/annealing (3.8) of ferrous products or workpieces to reduce segregation (:
homogeneity by diffusion (3.63)

y: To reduce segregation of metallic elements in steel making and in bar rolling a proces
between 1 000 °C and 1 300 °C is required.

kry: Reducing segregations of non-metallic alloying elements (such as carbon or sulph
ually would be done at a temperature below 1 000 °C.

fatment
nt (3.108) to reduce a very high concentration of elements in the surface layer sy
rogen after carburizing (3.36) or nitriding (3.143)

y: See also malleablizing (3.133), which(dsalso a diffusion treatment.

ne
formed by a thermochemical treatment (3.207) characterized by enrichment of elel
n or nitrogen

y: The enriched elemiénts such as carbon or nitrogen are in solid solution and/or precipitate
nitrides.

y: The concentration of the enriched elements decreases from surface to the core of a workp

ch hardening
lening (3.167) of carburized workpieces immediately after carburizing (3.3

.179)

5 with

ur) in

ch as

ments

1 such

ece.

b) or

g{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 entr

3.68

y: See Figure 1 a).

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
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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
geomgtry, 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 af| different temperatures

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

Note 7 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
carbyrizing depth

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

Note ] to entry: This limit should-be'specified, e.g. for the total case depth, this limit will corrpspond to the
carboh content of the unaltered base metal.

Note 4 to entry: The term case.depth is used in relation to any case-hardening or surface-hardening process.

[SOURCE: ISO 18203:2016, 3.1, modified.]

3.73

effective cas€ depth after nitriding
nitriding hardhess depth
perpgndicular distance from the surface of a nitrided or nitrocarburized workpiece to thg 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

017(E)

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-c
3.76

ooling.

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
thermal embr

3.77
endogas
gas mixture

(3:20Z]), quench-age embrittlement, sigma-phase embrittlement, strain-age embriGtlg
ttlement and low-temperature or cold embrittlement.

produced by incomplete combustion of hydrocarbons

Note 1 to enffry: Endogas has a conventional composition of 20 % by volume to 24 %’by volume of ¢

monoxide, 31

Note 2 to entr
by a mixture

3.78

D6 by volume to 40 % by volume of hydrogen and residual nitrogen.

: A gas with the composition given in the above Note 1 to entry cairalso be generated synthe|
f gaseous methanol and nitrogen.

endothermic atmosphere

furnace atm

to the carbonp content of the ferrous product under heat treatment (3.108) in order to reduce, ind

or maintain {
Note 1 to entr

3.79
epsilon carl
iron carbide

3.80

equalization

second stags

he carbon level (3.33) at the surface of the ferrous product

y: Endothermic means heat energy transfer(to the atmosphere.

ide
with the approximate formula, Fep_4C

of heating (3.109)-0f’a workpiece whereby the required temperature at the surf]

attained thrgughout its section

Note 1 to entr]

y: See Figure<

bment,

arbon

tically

sphere produced endothermically and with a carbon potential capable of being matched

rease

ace is

12
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Austenitizing or quenching temperature
2
=
©
3
QL
g
|21
TIITIC
3 4
Key
1  syrface 3  equalization
2  core 4  soaking
Figure 2 — Schematic representation of heating during an‘austenitizing treatment
3.81
equilibrium diagram

graplical representation of the temperature and compgosition limits of phase fields in an a

3.82

equivalent diameter
diaméter (d) of a cylinder of the same steel (oflength =3 d) in which the cooling rate (3.48]
is identical to the slowest cooling rate recorded in the workpiece considered, for the

condi

lions (3.46)

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

3.83

eutedtoid transformation

rever
const

sible transformatiowof austenite (3.12) into pearlite (3.155) (ferrite + cementite) thg
ant temperature

Note 1 to entry: Temperature for eutectoid transformation of pure iron is 723 °C. Alloying eleme

speed
3.84

influence(this temperature.

exotherfmic atmosphere

loy system

at its centre
same cooling

he equivalent

It occurs at a

nts or cooling

furna

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

© IS0 2017 - All rights reserved
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3.87

017(E)

flame hardening
surface-hardening treatment where the heat source is a flame

3.88
fluidized be

d

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 anneali)
heat treatme
austenitizing

Note 1 to entr
(the structure
temperatures

Note 2 to entr]

3.90
furnace atnj

g
nt (3.108) to achieve a spheroidized structure (see 3.190), which includes full-or p
(3.14) followed with slow cooling (3.45)

y: The austenitization of hypoeutectoid steel (3.118) (C < 0,77 %) takes place above A3 tempe
is then fully austenitic), however hypereutectoid steels (3.117) (C > 0,77(%) between A1 a
(the structure is partially austenitic).

y: Full annealing is also called critical annealing.

osphere

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

Note 1 to enty
will operate a

Note 2 to entr]
to be the carr

391
gamma iron
pure iron wi

Note 1 to entr]

3.92
gamma mix
iron with fad
solution

Note 1 to entr]

Note 2 to entr]

y: Gaseous filling could be pure gas or gas mixturexThe atmosphere can be inert or reactiy
[ or below atmospheric pressure.

y: The purpose of furnace atmospheres is to ptevent oxidation (3.150) or decarburization (3.
er or reactive gas in a thermochemical treatment (3.207).

h face-centred cubic lattice structure

y: Gamma iron is paramagnetic.

pd crystal

y: The material science name for gamma mixed crystal is austenite (3.12).

y: Gamma mixed crystal is paramagnetic.

artial

rature
nd A

e, and

54) or

e-centred cubic\lattice structure with alloying elements in interstitially or substituftively

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.

14
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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
increasein the grain size (3.99) of the microstructure as a result of heating (3.109) to a high temperature
and/dr to long soaking time

3.98
grainrefining
see cqre 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. austefitic, ferritic, etc.
Note 4 to entry: See ISO 643.

3.100
graphitic steel
steel n the structure of which a proportion of thetearbon is intentionally precipitated in the form of
grapltite

3.101
graphitization
precipitation of carbon in the form of graphite

3.10

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

3.10
hardenability
ability of steels torundergo martensite (3.137) and/or bainite (3.17) transformation

Note 1 to entry: Hardenability is often characterized under defined experimental conditions by th¢ development
of hagdnesstas a function of the distance from a quenched surface, e.g. the Jominy curve (see ISO 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 radiati
thermal radi
emission of €

Note 1 to en|
see Reference

3.108

heat treatm
series of opsg
thermal cycl

Note 1 to entr
See thermoché

3.109
heating
increasing th

Note 1 to entr]

3.110
heating dur
interval of ti

Note 1 to entr]

3.111
heating fung
temperature
heating (3.10

Note 1 to entr]

3.112

pn
htion
lectromagnetic waves from all matter that has a temperature greater thamabsolute j

try: Heat radiation represents a conversion of thermal energy into electfomagnetic e

[12].

ent
rations in the course of which a solid ferrous product is\totally or partially expos
s to bring about a change in its properties and/or structure

: The chemical composition of a ferrous product can possibly be modified during these oper
mical treatment (3.207).

e temperature of a workpiece

y: Heating can be carried out continuously or discontinuously, gradual in one or more steps.

htion
me separating two defined-temperatures of the heating function (3.111)

y: It is always necessary.to specify precisely what the temperatures are.
‘tion

change at @defined point of a workpiece or in a furnace load as a function of time d
9)

y: Phe'function may be shown as a graph or could be written in a mathematical formula.

Lero

hergy;

ed to

ations.

uring

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

Note 1 to entr

3.113
homogenizi

y: A distinction is made between

an instantaneous rate corresponding to a specific temperature, and

an average rate over a defined interval of temperature.

ng

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

16
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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
moledules

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,

3.114
hydrogen removal annealing
annedling (3.8) below A; temperature, the holding time depends on(the size of the workpiece and the
hydrqgen content

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

3.117
hypereutectoid steel
steel fontaining more carbon than the eutectoid ¢composition

3.118
hypoputectoid steel
steel fontaining less carbon than the eutectoid composition

3.119
impullse hardening
hardgning after impulsively hégting (3.109) by self-cooling of the workpiece

Note 1 to entry: Treatmentis'used for surface hardening.

3.12(
impullse 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 bgams, 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 entr]

3.126

isoforming
thermomech
transformat

3.127

heat treatmé
temperature

EXAMPLE

Note 1 to entr
machinability]

3.128

Jominy test
end-quenchi
standardizec

Note 1 to entr]
Note 2 to entr]

3.129
laser beam
austenitizing

Note 1 to entr]

Note 2 to entt
place by self-g

3.130

TO

isothermal annealing

y: This term should not be used to designate step quenching (3.196).

nical treatment (3.207) of steel consisting of plastic deformation carried-out duriy
n of austenite (3.12) to pearlite (3.155)

nt (3.108) with austenitizing (3.14) and interrupted cooling{3.45) down to a c{
and is held constant until transformation is completed

Isothermal pearlite transformation or isothermal bainitizing (3.18).

y: This treatment is used for alloyed case-hardening steels in order for pearlitizing to impro

g test
| test for evaluation of hardenability {3-103)

y: For details, see ISO 642.

y: The Jominy curve can be ¢alciilated based on the chemical composition of the steel being t

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

y: See impulsé hardening (3.119) and impulse heating (3.120)

y: Quenching (3.168) for hardening could be done by external quenching media (3.170) or it
ooling.

1g the

ertain

ve the

bsted.

takes

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

18
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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
prodyce malleable castiron

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

heat treatment (3.108) of maraging steel (3.135), consisting of austenitizing (3.14) and solutfon annealing
(3.188), followed by quenching (3.168) to produce martensite (3.137) and ageing (3.3) for precipitation

heat freatment (3.108) involving austenitizing (3.14) followed by step quenching (3.196), pt a rate fast
enough to avoid the formation of feprite (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

Note | to entry: The final cooling (3.45), during which martensite (3.137) forms practically sfmultaneously

phasel (3.156) formed in carbon containing steels by the cooling (3.45) of austenite (3.12) 4t such a high
rate that carbefyatoms do not have time to diffuse out of the crystal structure in large enough quantities

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

017(E)

McQuaid-Ehn grain size test
test to evaluate apparent austenitic grain size (3.99) of case-hardening steels

Note 1 to entr

3.140
medium
surrounding

y: Test results are given as an index from 1 upwards; for more details, see ISO 643.

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 s

3.142
nitride
compound of

Note 1 to entr]
nitrided work

3.143

nitriding
thermochemi
e.g. oxynitrid|
Note 1 to entr

3.144

nitrocarburfizing

thermochemi
and nitrocar

Note 1 to entr]

Note 2 to en
carburizing (3

3.145
nitrogen pr
nitrogen con

3.146

fable structure outside the conditions defined by the equilibrium diagram (3:81)

nitrogen with iron and/or nitride-forming alloying elements in ferr¢us materials

y: There are several nitrides, depending on the amount of nitrogen. The most important nitr
pieces are ferrous &- and the y’-nitrides.

cal treatment (3.207) to produce hard surface layers on workpieces containing nif
ing (3.152), gas nitriding, plasma nitriding (3.15%)

y: [t would be functional to specify the nitriding@media, e.g. gas, plasma, oxygen, etc.

cal treatment (3.207) to produce'avhard surface layer on a workpiece containing ni
bides to form a compound layer and a diffusion layer below it

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

ry: The term nitrocapbutizing should be differentiated from carbonitriding (3.35), whid
L 36) process and takes place above A3z temperature.

hfile
kent as a function of the distance from the surface

desin

rides,

trides

h is a

normalizin
heat treatmgﬂt (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 temperatyre effect, and
oversgaking, 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 prodact:

Note 4 to entry: If a partial melting occurs during overheating, the process is irreversible.

3.150
oxiddtion
resulf 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 7 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 oxiflizing (3.151),

e.g. dyring oxynitriding (3.152), blueing (3.26) or after nitrocarburizing (3.144) or an unintentipnal effect by
carburizing (3.36) in oxygen containing carburizing media; see internal oxidation (3.124).

3.15

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

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

Note P to entry: During nitriding (3.143) or nitrocarburizing, oxygen supply could overcomg the surface
passiyation and promote the'diffusion (3.63) of nitrogen.

3.152
oxynjtriding
nitridjng (3.143) ¢arried out in a medium to which a certain quantity of oxygen has been adlded

3.153
parent phase
phase (3456) 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 ih the microstructure

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

3.157
plasma nitrjding
nitriding (3.143) usually at a pressure below atmospheric pressure and with a plasma support to jonize
the nitrogen

3.158
plasma nitrpcarburizing
nitrocarburizing (3.144) usually at a pressure below atmospheric pressure and with a plasma support
to ionize thenitrogen and the carbon-spending medium

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

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

3.161
precipitation hardening
hardening ofla workpiece caused by the precipitation of one or more compounds from a supersatyrated
solid solution

Note 1 to entrjy: See alse'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 4 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
quengh-hardened layer
surfage layer of a quench-hardened workpiece, the thickness of which.issusually defined by the depth of
quendh hardening (3.167)

3.167
quengh hardening
process of hardening a workpiece, obtained after austenitizing (3.14), by cooling (3.45) undpr conditions
such that the austenite (3.12) transforms more or less completely into martensite (3.137)|and possibly
into Hainite (3.17)

3.168
quenfhing
operdtion 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 7 to entry: The use of the term specifying the cooling conditions (3.46) is recommended, e.g. wafer quenching,
oil qué¢nching, step quenching (3.196)air-blast quenching, etc.

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

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

3.169
quenfhing and tempering
quendh hardening (3.167) of workpieces followed by tempering at temperature in the range of about
550 °C upto 650 °C to generate a stage characterized by good combination of hardness antIi 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

017(E)

recarburizing

carbon resto

ration

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
Note 1 to entr,

3.174
recrystalliz
annealing (3.
without any

3.175
retained au

untransformled austenite (3.12) remaining, at ambient temperature, after quench hardening (3.167

3.176
scale
layer which
atmosphere

Note 1 to entr]

3.177

secondary h
increasing o
carbides and

Note 1 to entr]

Note 2 to entr]
continuous.

3.178
secondary 1
martensite (3

3.179

segregation|
inhomogene
heat transfer

ferrous product without apparent modification of its structure

v: This treatmentis carried out at a temperature below that of recrystallizing (3.174)

ing
8) to remove strengthening after a cold forming and developing new grain§-by nuclg

Change in phase (3.156)

stenite

s formed on the surface of a workpiece during heat treatment (3.108) in a non-prot

y: Usually, the scale is an oxide scale and can be removed by blasting or pickling.

ardening
f the hardness by the tempering of quench-hardened steel caused by precipitat
transformation of retained austenite)(3.175) to martensite (3.137) and bainite (3.17)

y: Tempering for initiating secondary hardening is often used for tool steels.

y: The carbon content of the retained austenite is decreasing and the martensite transforma

hartensite
.137) formedyduring secondary hardening (3.177)

pus<concentration of elements in steel, e.g. carbon, sulfur and manganese, due to thg

ration

bctive

on of

tion is

slow

during solidification

Note 1 to entry: Diffusion annealing (3.64) can decrease the segregation. Modern steelmaking and continuous

casting have la

3.180

rgely overcome this problem.

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

24

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)

3.18

silicgnizing

surfage treatment into and on a workpiece (3.201) relating to silicones
3.184
single-quench hardening treatment

hardgning treatment carried out in a single step after carburizing (3.36))and slow cooling (3.45) to
ambi¢nt 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 qurface-hardening temperature or single-quench hardeningfrom core-hardening temperatufe.

3.185
soaking
part gf 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 furface of the
workpiece, the core or any other particular point'en the workpiece or on the furnace load.

3.186
softening

soft apnealing
heat treatment (3.108) with the'object of reducing the hardness of the ferrous product to algiven level

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

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

Note ] to entry»A distinction is made between a substitutional solid solution in which the solfite atoms are
substeil(uted for those of the solvent and an interstitial solid solution in which the solute atoms$ are inserted

betwden-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
the form of s

Note 1 to entr]

3.192

B) just below the A1 temperature of steels with long soaking time to bring the carbi
pheroids

y: See also precipitate growth (3.160).

stabilization of retained austenite

phenomenon
(3.175) into

Note 1 to entr
after quenchin

3.193
stabilizing
heat treatmé
changes wit}

Note 1 to en
undesirable.

3.194
stabilizing 3
annealing (3
compounds,

3.195

steel
ferrous mate
2 % of mass

Note 1 to enty
carbon conter

Note 2 to entr]

which reduces or prevents the possibility of the transformation,-of retained aug
nartensite (3.137) during cooling (3.45) to a temperature below ambient temperatur

y: This stabilization occurs during low temperature tempering otolding at ambient tempe
g (3.168).

nt (3.108) of a workpiece intended to prevent‘subsequent dimensional or stru
time

ry: Generally, this treatment causes those“changes to occur, which at a later date wo

Innealing
.8) at around 850 °C withithe aim of obtaining precipitation or spheroidizati
p.g. carbides, in stabilized-austenitic stainless steels

rial the principal’element of which is iron and the carbon content of which is not mor¢

y: The presence of large quantities of carbide-forming elements can modify the upper limit
t.

v;-The'nomenclature for unalloyed steels suitable for heat treatment (3.108) and for alloyed

Hes in

tenite

h

rature

rtural

hld be

on of

b than

of the

steels

is defined by |

$0-4948-1 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)

26
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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

3.20
surface-hardening treatment
quendh 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 heam, electron
beam ptc.

Note 4 to entry: The quenching (3.168) can occur from outside the workpiece ofEby self-quenching (B.180).

3.20

surface treatment into and on a workpiece
thermochemical treatment (3.207) intended to import a metatlic’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),
nitrocprburizing (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 P to entry: Specific treatments for coating are hot-dip coating, chemical vapour deposition (CVD) and
physidal 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

3.203.1

irreversible temper embrittlement
blue RQrittleness

tempgr embrittlement)(3.202) that occurs during soaking of certain quenched hardened|steels in the
tempegrature range.of about 250 °C to 375 °C

Note 1 to enteyalt is caused by segregation (3.179) and precipitation of carbon and nitrogen on dislgcations (3.69)
and is|usually-handled by alloying steels with aluminium and titanium.

3.2034.2

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 ent NE lemperlng can also, In certain cases, cause an Increase In hardness. See Secondary hariening
(3.177).

3.204
tempering durve

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

3.205
thermal crack
crack or fissIres of heat treated workpieces caused by too big differefices of internal stresses between
surface and ¢ore 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 cycje
variation of femperature as a function of time during-heat treatment (3.108)

3.207
thermochemical treatment
heat treatmdnt (3.108) in a medium suitably chosen to enrich the surface layer of a workpiecq with
desired elemlents such as carbon or nitrogen

Note 1 to entrfy: The process parametérs of the thermochemical treatment can be controlled by instrumenits and
data processing.

Note 2 to enfry: The target§ of thermomechanical treatments are to produce a fine grain, tough ang high
tensile structyire which cafnot be achieved or repeated by heat treatment alone and improved weldability and
formability offa steel preduct.

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 it$ hardness.

3.21Q.2

contipuous-cooling-transformation diagram

CCT diagram

diagram which presents continuous cooling transformation ofaustenite (3.12)

Note | to entry: At the 500 °C line, the cooling parameter, A; divided by 100 or directly in sqconds for the
tempgdrature range between 800 °C and 500 °C can be read out,

3.211
trangformation 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. tfansformation
point pf the martensitic stage, pearlitic stage.etc.

3.212
trandformation range
interyal of temperature within which a product undergoes a change of phase (3.156)

3.213
trandformation temperature
temperature at whichya'change of phase (3.156) occurs and, by extension, at which the trgnsformation
beginis and ends when the transformation occurs over a range of temperatures

Note 1 to entry:« The following principal transformation temperatures can be distinguished in stee|s:

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

— A3 equlilibrium temperature derining the upper [Imit ol existence ot jerrite [ 5.65);

— 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

017(E)

film formed on the piece to be hardened in the first stage of water and oil quenching

3.216
vanadizing
surface treat

3.217

ment into and on a workpiece (3.201) relating to vanadium

water emulsion
polymer solution

quenching m

dia (3.170) which is a mixture of water and polymers

Note 1 to ent]
distortion (3.7

3.218

Widmannst
structure re
the parent sc

Note 1 to ent}
ferrite needle

cementite (3.3]9).

3.219
work harde]
strain harde
strengthenin

Note 1 to entr
the crystal sty

Note 2 to entr]

ry: Water emulsion allows slower cooling rate (3.48) than water and helps to avoid.cracl
0).

petten structure
ulting from the formation of a new phase (3.156) along certain crystallographic pla
lid solution

y: In the case of hypoeutectoid steel (3.118), it appears in a metallographic section in the f
5 in a pearlite (3.155) background. In the case of hypereutectoid steéls (3.117), the needles con

hing
ning
g of a metal by deformation

y: This strengthening occurs because of dislocation movements and dislocation generation
ucture of the material.

y: Work-hardened structure can beremoved by recrystallization heat treatment.

(s and

hes in

rm of
sist of

within
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Annex A
(informative)

Equivalent terms

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:

— ope 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 RN SRR AR
laire Gefiige/
Nadeliges Gefuge
activity 3.2 activité Aktivitit T bRy oy
ageing 3.3 vieillissement Altern IR EF44h
air hqrdening steel  |3.4 auto-trempant Lufthartender TVVEREEN | 22 L
(acier) Stahl
alphaliron 3.5 fer a a-Eisen a’k a g
alphalmixed crystal |3.6 avec présence a-Mischkristall a [E A -
de ferrite
alumjnizing 37 aluminisation Aluminieren B TNIFAT T
annegling 3.8 recuit Glithen 1Bk BEREL
ausfefrite 39 austénite-ferrite |Ausferrit B AR i VS Z N
(structure)
ausfoyming 3.18 austéniformage  |Austenitformharten BRAIAR | AT+ — A
sl
austempering 811 trempe étagée Austempern ERAK FHAT LN
bainitique DA AR
K
austepite 3.12 austénite Austenit LW IN FHAT A b
austehitic.steel 3.13 acier austénitique |Austenitischer Stahl B ECAAEN F AT T M
austel ifi7ing 314 austénitisation Austenitisieren £3) E‘.M"f’l’ 24271 Mtk
austenitizing 3.15 température Austenitisiertemperatur | BI[CIALIREE | A —27 T Mb
temperature d’austénitisation oRE
auto-tempering/ 3.16 auto-revenu Selbstanlassen EIEIDS bl AN
self-tempering
B
bainite 3.17 bainite Bainit DU AA _AFAk
bainitizing 3.18 bainitisation Bainitisieren TLEARAL, NRAFALAY
Ve
bake hardening steel |3.19 acier a bake Bake-hardening-Stahl | HUMERE{LAN | S 2LEf g b
hardening TG
a  Reference number of the term in this document.
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Table A.1 (continued)
English Ref. No.2 French German Chinese Japanese
baking 3.20 déshydrogénation |Dehydrieren; Wasserst- | i S ALFE RAFT
offentzug Durch Glithen

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 annealjng/ 325 TECUIt base Haubengluhen SR WIEL/S L SAES
box annealing B AE K
blueing 3.26 bleuissage Bliuen R WE AL EE I A f
boost-diffuse{carbur- |3.27 cémentation Mehrstufiges Aufkohlen | JIEEH BUS W A=A MEHUR
izing étagée R
boriding 3.28 boruration Borieren Bl NIATANT
bright annealing 3.29 recuit blanc Blankgliihen Ttk JEBEBEIREL
burning 3.30 brilure Verbrennung Puy SN
C
carbon activify 3.31 activité du car- Kohlenstoffaktivitit; R JRIZEDIE

bone C-Aktivitat
carbon mass fransfer |3.32 coefficient de Kohlenstoffiibérs AR AR | IRFBOEEBH
coefficient transfert du car- |gangszahl %5k

bone
carbon level 3.33 teneur en carbone |Kohlenstoffpegel k& & T =R AL
carbon profile 3.34 courbe de réparti- |Kehlénstoffverlauf WEEM M | IRFBIBEOE

tion du carbone HER
carbonitridinlg 3.35 carbonitruratign)\Y Carbonitrieren WERILE RRZE
carburizing 3.36 cémentation Aufkohlen B B IR
case hardening 3.37 (no Frenchréquiva- | Einsatzhirten KIMAEAL, X7

lent)
castiron 3.38 fonte Gusseisen Bk ek
cementite 3.39 cémentite Zementit BRI BAEA
chromizing 3.40 chromisation Chromieren BE% ra~ATWNT
compound layer 341 couche de combi- |Verbindungsschicht WEMZE Hes =]

naison
continuous afnealing:|3.42 recuit continu Kontinuierliches Glithen |i#%4EiE k JULE TSI TANES DN

foeHEH

continuous-c 1n|ing_ 343 r‘iagr’:mmn de Kontinuwierliches Zeit- %Ez‘jl:’:/;\iﬂi{:é/iﬁ ;ﬁﬁ?ﬁ‘iﬂ%?ﬁjﬂf&
transformation transformation  |Temperature- K (CCTE) -
diagram en refroidisse- Umwandlungsschaubild (CCTHRED
(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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