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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national stan

dards

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

4. ISO shall not be held responsible for identifying any or all such patent rights. Det

on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngme used in this document is information given for the convéniéence of users and do
constitute ar} endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific term,

e are
br the
ith the

Hrawn to the possibility that some of the elements of this document may)be the subject of

hils of

ights identified during the development of the document will be in the Introduction and/or

S not

s and

expressions [related to conformity assessment, as well as information about ISO's adherence fo the

World Trade|Organization (WTO) principles in the Technical\Bdrriers to Trade (TBT) see the foll
URL: www.ido.org/iso/foreword.html.

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

This third edlition cancels and replaces the second ‘edition (ISO 4885:2017), of which it constit
minor revisipn with a corrected Figure 1 d).

bwing

ites a
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INTE

RNATIONAL STANDARD ISO 4885:2018(E)

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
Frend

Table

2 N

Therd

3 1
ISO a1

]

q

]

3.1

acicullar structure

struc

3.2
activ

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

$0 Online browsing platform: available at https://www.iso.org/obp

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.

)

guivalents in

addresses:

at treatment
tment media

g.in austenite
rence state, at
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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 effect 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).

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

018(E)

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 interstitial or substitutional

solution
Note 1 to entr]
Note 2 to entr]

3.7

aluminizing

DEPRECATE
surface treat

3.8
annealing

heat treatmd

followed by
will beinas

Note 1 to ent

the treatment
annealing (3.1

39
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~(3:185) at a suitable temper
tooling (3.45) under conditions such that, after returnyto ambient temperature, the
fructural state 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)

ature
metal

him of
ritical

dness

thermomechdnical treatment (8:208) 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 where the structure consists of austenite (3.12) at ambient temperature

Note 1 to entr

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

© ISO 2018 - 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 (3.12)

Note 1 to entry: The minimum temperature required depends on the speed of heating and the steel composition.
The length of the hold period will depend on the heating conditions used.

3.15
austenitizing temperature
temperature at which the workpiece is maintained during austenitization (3.14)

3.16
auto-tempering
self-tempering

tempdring (3.203) undergone by martensite (3.137) during quenching (3.168) or subsequent ¢ooling (3.45)

3.17
bainifte
micrdstructure resulting from the transformation of austenite (3.12) at t6mperatures aboye martensite
(3.137) start temperature (Ms) and outside the pearlite (3.155) range consisting of ferrfite laths and
carbigles which are dispersed either inside the ferrite laths (lower bainite) or between thg ferrite laths
(uppdr bainite)

Note 1 to entry: See also Table 1.

3.18
bainitizing
austefitizing (3.14) and quenching (3.168) to a temperature above Mg and isothermal soak|ng to ensure
a tranjsformation of the austenite (3.12) to bainite\3.17)

3.19
bakefhardening steel
steel with the ability to gain an incréage of yield strength after a plastic pre-strain and a subsequent
heat greatment (3.108) in the usual.industrial paint processes (in the region of 170 °C for 2P min)

Note ] to entry: These steels have.a good suitability for cold forming and present a high resistgnce to plastic
strainfing (which is increased on‘\fihished parts during heat treatment) and a good dent resistance.

3.20
baking
heat freatment (37108) permitting the release of hydrogen absorbed in a ferrous progluct without
modifying its stiueture

Note ] to entry’ The treatment is generally carried out following electrolytic plating or pickling, or a welding
operafiont

3.21
banded structure
lines of constituents in 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.

© ISO 2018 - 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 annealin
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 (3.36) carried out in two or more successive stages and/or different temperatureqd with
different carpon 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 orfiginal
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 © ISO 2018 - 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

treatment 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

) 7~
\ \ [

a) Direct-hardening treatment
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b) Single-quench hardening treatment
7 ——
=
e -
2.
3 ;
/
c) Quench-hardening treatment with isothermal transformation
® / 1]
=
= 2 s
%}
£
K 3
s
d) Double-quench hardening treatment
Key
1  carburizihg, carbonitriding 6  cooling
2 quenching 7  quench-hardening treatment
3  tempering 8 isothermal transformation
4 Acjzcore 9  Acg surface after carburizing
5 Aczsurfage

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 %

3.39
cementite
iron carbide with the formula Fe3C

Note 1 to entry: See Table 1.

6 © ISO 2018 - All rights reserved
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Phase Crystal structure Properties Typical hardness
Ferrite, a bcc soft, tough, magnetic 60 HBW to 90 HBW
Austenite, v 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 pum) and hard cementite
Pearlite with fine o + Fe3C, lamellar harder than pearlite with 400 HBW
lamellas (0,1 pm) coarse lamellas
Sphefoidite o + globular FesC solt 120 HBW tq 330 HBW,
depending on
carbon'and alloy content
Upper bainite precipitations of properties such as pearlite with 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 softer and tougher than 250 HV to 650 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: The surface layer can consistof practically pure chromium (on low-carbon steels) o of chromium
carbide (on high-carbon steels).
3.41
compound layer
DEPRECATED: white layen

surfa
formg

EXAMPLE

of bor
high-g

Note

nitro

rburized ferrous products

Ce layer formed during thermochemical treatment (3.207) and made up of the chemica
d by the element(s) introduced during the treatment and certain elements from the lase metal

The surface layer may consist of the layer of nitrides formed during nitriding (3.]
des formed during boriding (3.28), the layer of chromium carbide formed during the chrom
arbon steel.

| to_entry: In English, the term “white layer” is improperly used to designate this layer o

| compounds

143), the layer
izing (3.40) of

III nitrided and

3.42

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

3.43

continuous-cooling transformation diagram
CCT diagram
see 3.210.2

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=4350691847df859c6b977fcd5049e978

ISO 4885:2018(E)

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

Note 1 to entr)y: The medium in which cooling takes place should be specified, e.g. in furnace, air, oil, watgr. 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 fungtion
reduction of the temperature as a function of time of a determined p@int‘of a workpiece

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

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

Note 1 to entrfy: 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 tilne separating two eharacteristic temperatures of the cooling function (3.47)

Note 1 to entrfy: It is always nee€ssary to specify precisely what the temperatures are.

3.50

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

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

3.51
critical cooling course
cooling procedure necessary to avoid transformation to an 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.

3.52
critical cooling rate
cooling rate (3.48) corresponding to the critical cooling course (3.51)

8 © ISO 2018 - All rights reserved
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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 ISO 3887.

3.55
decarburizing
thermochemical treatment (3.207) intended to produce decarburization (3.54) of d«workpidce

3.56
decomposition of austenite
austdnite transformation

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

3.57
deltajiron
stable state of pure iron between 1 392 °C and its meltingpoint

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

Note 4 to entry: Delta iron is paramagnetic.

3.58
depth of carburizing
carb{rizing depth

distahce between the surface of.a\workpiece and a specified limit characterizing the thi¢kness of the
layer pnriched 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
deplefed in carbon

Note 1 to entfy:=*This limit varies according to the type of decarburization (3.54) and can be definefl by reference
to a stfructural state, a level of hardness or the carbon content of the unaltered base metal (see 1S0[3887), or any
other ppegified 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.

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

© ISO 2018 - All rights reserved 9
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3.62

018(E)

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

3.63
diffusion

spontaneously

movement of atoms to new places in ferrous materials

3.64
diffusion a

nealing

heat treatme
and promote

Note 1 to ent
temperatures

Note 2 to entr
usually would|

3.65

diffusion tr¢
heat treatmd
carbon or nit

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

Note 1 to en|
temperature,

Note 2 to en
quenching (3.

nt (3.108)/annealing (3.8) of ferrous products or workpieces to reduce segregation)(J
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.

y: Reducing segregations of non-metallic alloying elements (such as carbon(onsulfur) in work
be done at a temperature below 1 000 °C.

patment
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 is also a diffusjon treatment.

ne
formed by a thermochemical treatment-(3.207) characterized by enrichment of ele}
bn Or nitrogen

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

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

ch hardening
lening (3.167) ©f> carburized workpieces immediately after carburizing (3.3{
g (3.35)

kry: The direct-quench hardening should be started directly after carburizing or at a
hdjusted-to'the surface carbon content.

.179)

5 with

pieces

ch as

nents

s such

ece.

b) or

lower

) and

ﬂry: Direct hardening from hot forging or hot rolling replaces separate austenitizing (3.1

68}

Note 3 to entr

3.68

y: See Figure 1 a).

direct quenching
quenching (3.168) carried out immediately following hot rolling, hot forging or after a thermochemical
treatment (3

3.69
dislocation

.207) or solution annealing (3.188) of stainless steels

crystallographic defect or irregularity, within a crystal structure

EXAMPLE

Note 1 to entr

10

There are two primary types, “edge dislocations” and “screw dislocations”.

y: Cold forming increases the amount of dislocations and results in higher hardness.

© ISO 2018 - All rights reserved
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3.70

distortion

any change in the shape or 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'/dong immediately
after ¢arburizing (3.36) at the carburizing temperature. The second quench hardening could.be carried out at a
lower temperature adjusted to the carbon content of core.

Note 4 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

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

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

Note 3 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 case depth after nitriding
nitriding hardness depth

perpgndicular distance from the surface of a nitrided or nitrocarburized workpiece to theg point where
the hardness has the limithardness value

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

3.74
effective case'depth after surface hardening
surer hardening hardness depth

distance between the surface and the point at which the Vickers hardness (HV) is equal tp 80 % of the

um surface hardness rpqnirpd for the \Amrkpipr‘p caonsidered

mini

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

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: Hardening could be achieved by quenching (3.168), employing external quenching media (3.170),
or may take place by self-cooling.
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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 entfry: Endogas has a conventional composition of 20 % by volume to 24 % by volume of d
monoxide, 31 P4 by volume to 40 % by volume of hydrogen and residual nitrogen.

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

3.78
endothermic atmosphere

arbon

tically

furnace atmgpsphere produced endothermically and with a carbon potential capable of being matched

to the carbonp content of the ferrous product under heat treatment (3.108) ifyorder to reduce, ind
or maintain the carbon level (3.33) at the surface of the ferrous product

Note 1 to entrfy: Endothermic means heat energy transfer to the atmosphere:

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

3.80
equalization
second stagg of heating (3.109) of a workpiece ‘whereby the required temperature at the surf]
attained thrgughout its section

Note 1 to entrjy: See Figure 2.

rease

ace is

Awstenitizing or quenching temperature
[}
—
2
8
QL
1)
5
[
Time
3 4
Key
1 surface 3  equalization
2 core 4  soaking

Figure 2 — Schematic representation of heating during an austenitizing treatment
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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 [SO 683-1 and ISO 683-2.

3.83
eutedtoid transformation
reverfible transformation of austenite (3.12) into pearlite (3.155) (ferrite + cementite) that occurs at a
constpnt temperature

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

3.84
exothermic atmosphere
furnace atmosphere produced exothermically and controlled)so that it does not oxidiz¢ the ferrous
prodyct

Note 1 to entry: Exothermic means heat energy transfer fronthe 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 Where the structure consists of ferrite (3.85) at ambient temperature

3.87
flam¢ hardening
surfafe-hardening treatiment where the heat source is a flame

3.88
fluidized bed
heat freat medillm made by a ceramic powder fluidized by a gas into a furnace that will bg heated from
the oyitside

4 4 Tla £l 3. 13l s tonr ol £ Cloot o rod Tens ;
Note Ttoentt Yy raratZing gascotra ot et rtoprotecr e stutrraceorneatrtreatca 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 by 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 A,
temperatures (the structure is partially austenitic).

Note 2 to entry: Full annealing is also called critical annealing.
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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 wifh face-centred cubic lattice structure

Note 1 to entrly: Gamma iron is paramagnetic.

3.92
gamma mixpd crystal
iron with fage-centred cubic lattice structure with alloying elements in interstitial or substitutional
solid solution

Note 1 to entrfy: The material science name for gamma mixed crystal is austenite (3:12).
Note 2 to entrfy: Gamma mixed crystal is paramagnetic.

3.93
gas quenching
cooling (3.45) with gas flow, which is faster than in still air

Note 1 to entfy: 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 entrjy: The shape of a ferrite grain‘can be c-b-c.

3.95
grain boundary
interface seplarating two grainswith different crystallographic orientations

3.96
grain coars¢ning
annealing (3.8) carriéd out at a temperature well above A3 for a soaking period sufficient to bring pbout
grain growth((3.94)

3.97
grain growt
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 I1SO 643.
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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 jrons (3.38) or hypereutectoid steels (3117) to bring about
grapHitization (3.101)

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

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

3.104
hardening temperature
start |temperature for quenching (3.168) austenitized, carburized or carbonitrided wprkpieces to
quengh-harden them

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

3.105
heat conduction
spontjaneous 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
appropch to thermal equilibrium.

Note 4 to entry: See Reference [12]-

3.106
heat convection

convgction

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

Note 1 to entryzConvection is usually the dominant form of heat transfer in liquids and gases; see Reference [12].
Note 7 to eritry: 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 donvection has
a lowdr 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].
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3.108
heat treatm

018(E)

ent

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 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
heating rate
variation in t

Note 1 to entr]

an averag

3.113

homogenizi
treatment to
by a prolong

3.114
hot forming

forming of sfleel products in a temperature range usually between 780 °C up to 1 300 °C, dependi

the chemical

an instantaneous rate corresponding to a specific’temperature, and

y: Heating can be carried out continuously, discontinuously or gradually, in one or more step

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

y: [t is always necessary to specify precisely what the temperatures are.

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

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

emperature as a function of time during hedting (3.109)

y: A distinction is made between

e rate over a defined interval of temperature.

ng
homogenize a heterogeneous distribution of the chemical composition of ferrous mg
bd high-temperature/annealing (3.8)

composition of the workpiece

Note 1 to entr]

uring

terial

ng on

y-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 in 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.

16
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3.116

hydrogen removal annealing

annealing (3.8) below Aj 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

increase in

bams, etc.

ction heating

temperature

ifferent from

interpalloxidation
occurfrenice 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 (3.208) of steel consisting of plastic deformation carried out during the
transformation of austenite (3.12) to pearlite (3.155)
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3.127

isothermal annealing

heat treatment (3.108) with austenitizing (3.14) and interrupted cooling (3.45) down to a certain
temperature which 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-quenchfng test

standardized test for evaluation of hardenability (3.103)

Note 1 to entrfy: For details, see ISO 642.
Note 2 to entrjy: The Jominy curve can be calculated based on the chemical composition of thesteel being tested.

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

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

Note 2 to entyfy: Quenching (3.168) for hardening could be done by exterhal quenching media (3.170) or i takes
place by self-gooling.

3.130

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

Note 1 to entrfy: See Table 1.

3.131
local hardening
quench hardgning (3.167) of a local limited area of a workpiece

3.132
low-pressuile carburizing
carburizing (B.36) carried outin a vacuum furnace at a pressure below atmospheric pressure

Note 1 to entfy: Usually, ‘hydrocarbon gases are used to spread the carbon for diffusion (3.63) into thq steel.
Therefore, intprnal oxidation (3.124) can be avoided.

Note 2 to entrjy: Lowepressure 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 is 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 formed 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
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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 | to entry: The final cooling (3.45), during which martensite (3.137) forms practically, sfmultaneously
throughout the cross-section, is generally carried out in air.

3.137
martensite
phas¢ (3.156) formed in carbon containing steels by the cooling (3.45) of d@ustenite (3.12) dt such a high
rate that carbon atoms do not have time to diffuse out of the crystal structure in large enough quantities
to forn 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 thar 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.

3.139
maximum achievable hardness
maximum value of hardness that canbe obtained on a given workpiece by quench harddning (3.167),
undey ideal conditions

3.139
McQuaid-Ehn grain size test
test tp evaluate apparentaustenitic 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.

3.14(0
medipm
surroundifigiin 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 offthe 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.
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3.143
nitriding

018(E)

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

Note 1 to entr]

Note 2 to enf
carburizing (3

3.145
nitrogen pr
nitrogen con

3.146

normalizing

heat treatme
aferrous pro
steels (3.117
rate to produ

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

ry: The term nitrocarburizing should be differentiated from carbonitriding (3.35)»Whid
L36) process and takes place above A3 temperature.

bfile

kent as a function of the distance from the surface

nt (3.108) with the object of refining and eventually makinguniform the grain size (3
duct, comprising heating (3.109) it to a temperature slightly above A3 [A1 for hypereut

ce a fine ferritic-pearlitic structure

3.147
normalizin

forming

process in which the final deformation is carried out within a certain temperature range, lead
a material cpndition equivalent to that obtained after normalizing (3.146), such that the spe
mechanical properties would still be met in the.évent of any subsequent normalizing

3.148

overcarburizing

excess carburizing

carbon enridhing of the surface layer, which could induce carbide precipitations during carby
(3.36) or could lead to a greateryeontent of retained austenite (3.175) after quench hardening (3.16]

3.149

overheating
oversoaking
heating (3.1(
growth (3.97

p

p

)9) carried out under temperature conditions for a duration such that excessive
is ptoduced

h is a

09) of
pctoid

], without prolonged soaking at this temperature, fellowed by cooling (3.45) at a sufitable

ng to
cified

rizing

/)

grain

Note 1 to ent

Fv.A distinction can be made between overheating, which is due to the temperature effed

t, 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 (Fez03).

20
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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, such that a 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 p—toemtry—During mitriding (3-1#3)or mitrocarburizing, OXygen suppty coutdovercome the surface
passiyation and promote the diffusion (3.63) of nitrogen.

3.152
oxynjtriding
nitridjng (3.143) carried out in a medium to which a certain quantity of oxygefthas been added

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

3.15

patenting
heat treatment (3.108) consisting of austenitizing (3.14)foltowed by cooling (3.45) undé¢r conditions
suitalple for producing the appropriate structures for subsequent wire-drawing or rolling

Note 1 to entry: The cooling medium in which patentingtakes 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 opgration is to be
carried out continuously on the unwound productor “batch” (discontinuously) if the material is to[be handled as
one lopd and remains in the form of a coil or bundle during the heat treatment.

3.155
pearlite
aggregate of ferrite (3.85) and-cementite (3.39) platelets formed by the eutectoid decomposition of
austehpite (3.56) and the simultaneous transformation into ferrite and cementite

Note 1 to entry: See Table 1=

Note 2 to entry: Pearliteusually appears as light microscopic lamellar and consists of lamellas of fementite and
ferritg.

3.154
phas
constjtuentin the microstructure

\14

Note 10 entry: I Steels, tNESE phases are jerrite (3.80), 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-containing medium
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3.159
potential
partial deriv

Note 1 to entr

3.160
precipitatio

018(E)

ative of the Gibbs free energy with respect to the number of moles of that species

y: For applications concerning carburizing (3.36).

n growth

growth of precipitated particles by diffusion (3.63) of elements, creating larger particles from smaller

particles
Note 1 to entr

3.161

y: This term shall not be considered a synonym for spheroidizing (3.191).

precipitation hardening

hardening of

solid solution

Note 1 to entr]

a workpiece caused by the precipitation of one or more compounds from a supérsaty

y: See also secondary hardening (3.177).

rated

3.162

precipitation hardening treatment

process of (;Ecreasing the hardness of metallic materials by precipitating of compounds fijom a
supersaturafled solid solution, consisting of solution annealing (3.188Y applied to specific elerhents,
followed by |rapid cooling (3.45) to hold the elements concerned in supersaturated solution and
precipitating special compounds by a tempering treatment

3.163

preheating

operation c¢nsisting of raising the temperature of\da”workpiece to one or more temperafures,
intermediatd between the initial and the maximum temperature, and holding it there for a certain time
3.164

proeutectoif constituent

product forn|

Note 1 to enf
hypereutectoil

3.165

protective g
gas used to :
(3.108), usug

Note 1 to entr]
Note 2 to entr]
Note 3 to entr

3.166

ed from austenite (3.12) prior to eutectoid transformation (3.83)

ry: In the case of hypoeutectoid steel (3.118), the proeutectoid constituent is ferrite (3.8
[ steels (3.117), the proeutectoid constituent is cementite (3.39).

as
ivoid the change of composition of the surface layer of workpieces during heat trea
lly used totproduce a protective furnace atmosphere

y: Protéctive gas is usually used to avoid oxidation (3.150) or decarburization (3.54).

yThe composition of protective gases depends on the purpose of its use.

85). In

tment

y: Best protection is treatment in vacuum furnaces.

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 (

22

3.17)
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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

P 1ip:
ferl’lt. plart rHtre-strtettre:

3.16

quenghing and tempering
quendh 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 angl toughness

3.17
quenghing media
medig in which 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 bgth.

3.17
quenghing temperature
temperature at which quenching (3.168) is initiated

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

burizing

n restoration
ochemical treatment (3.207) intended to restore the carbon content of the surface layer,
urized during an earlier treatment

ery
ling (3.8) intended\to cause at least partial recovery of the physical or mechanical properties of a
orked ferrous product without apparent modification of its structure

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

stallizing
anneqling (3.8) to remove strengthening after cold forming and to develop 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.
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3.177

secondary hardening
increasing 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

3.179

segregation
inhomogene
heat transfef

Note 1 to ent
casting havel

3.180
self-quench]
quenching (3|

Note 1 to enty
heated area b

Note 2 to ent]
workpiece, se

3.181

sensitizatio
increase in f{
carbides at t]

Note 1 to entrn
ISO 3651-2).

3.182
sherardizin
surface treat

3.183
siliconizing
surface treat

.137/) tormed during secondary hardening (3.1/7)

bus concentration of elements in steel, e.g. carbon, sulfur and manganese{{due to thq
during solidification

"y: Diffusion annealing (3.64) can decrease the segregation. Modern steelimaking and conti
hrgely overcome this problem.

Ing
168) of an workpiece

y: The function presupposes a sufficient relation between the mass of the cold core area a
elow the surface.

ry: In case of austenitized hardenable steels. the'phenomenon can be used to quench-ha
e for example 3.129.

n
he sensitivity of stainless steels)to intergranular corrosion due to the precipitat
e grain boundaries

y: In order to study the resistance to intergranular corrosion, a sensitizing treatment is us¢

4
ment into and/eil a workpiece (3.201) relating to zinc (zinc diffusion layer)

ment.into and on a workpiece (3.201) relating to silicon

slow

nuous

hd the

rden a

on of

d (see

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.
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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.

3.18
solid[solution
homojgeneous, solid, crystalline phase formed by two or more elements, at least‘one metallic

Note ] to entry: A distinction is made between a substitutional solid solution-in which the solfite 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
solutjon annealing
solutjon treatment
heat treatment (3.108) consisting of austenitizing (3.14).to"a high temperature followdd by cooling
(3.45) sufficiently rapidly to avoid new precipitations owreturn to ambient temperature, g.g. applied to
austehitic stainless steels and maraging steels

3.189
spheroidal graphite iron
grey ¢ast iron (3.38) containing spherical graphite

Note 1 to entry: It differs from the grey castiron with lamellar graphite in its chemical compositign, merely due
to theladdition of magnesium (from 0,04*% to 0,06 %), cerium and rare earths that influence th¢ formation of
graphjte spheres

Note 2 to entry: Usually nodular,cast iron will be heat treated, e.g. austempering (3.11), normdlizing (3.146),
quenching and tempering (3.169).

3.190
spheroidite
charalcteristic softanicrostructure consisting of sphere-like globular cementite (3.39) partjcles within a
ferrite (3.85) mratrix

Note 1 to eritry: 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).
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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 mate
2 % of mass

Note 1 to enti
carbon conter

Note 2 to entr
is defined by I

3.196

step quench
quenching (3|
suitable tem

Note 1 to entr]

3.197

stress reliey
annealing (3
modifying th
would be mil

3.198

sub-zero tre
deep freezin
treatment cg
down below

Note 1 to entr]

3.199
sulfidizing

rial the principal element of which is iron and the carbon content of which isinot mor¢

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

y: The nomenclature for unalloyed steels suitable for heat treatment\(8.108) and for alloyed
S0 4948-1 and I1SO 4948-2.

ing

perature

y: This term should not be used to designate intérrupted quenching (3.125).

ing

.8) at temperatures below Aj-terTeduce the internal stresses without substar

e structure of a workpiece or ferfous product down to a level, at which internal sti
nimized, followed by slow ceoling (3.45)

ating

D
P

Foom temperature to complete the transformation of austenite (3.12) to martensite (3

y: Retained austenite (3.175) would transform to martensite or martensite and bainite (3.17)

e than

of the

steels

1168) during which cooling (3.45) is temporarily igterrupted by soaking in a mediuin at a

itially
esses

rried out after.guench hardening (3.167) or case hardening (3.37), consisting of c¢oling

137)

surface treat

3.200

Trent intoarnd o a workpiece (320 ) Tetating tosutfur

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).
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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).

3.203
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 brittleness

tempgr 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'earbon and nitrogen on dislgcations (3.69)
and is|usually addressed by alloying steels with aluminium and titanium.

3.203.2

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

Note 1 to entry: It is caused by segregation (3479) of trace elements such as Sb, P, As and Sn and is upually avoided
by allgying with sufficient amounts of tungsten or molybdenum.

Note 3 to entry: The reversible tempérembrittlement reveals itself by a displacement of the transjtion curve for
the imlpact strength of the base metaltowards higher temperatures.

Note 3 to entry: The reversibletemper embrittlement can be cured by a second tempering at a temperature above
550 °( followed by rapid ceoling.

3.203
tempjering

), or another
9) to specific

: < | steels should
be tempered at least twice.

Note 2 to entry: Depending on 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
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3.205
thermal cra

018(E)

ck

crack or fissures in heat treated workpieces caused by excessive differences in internal stresses

between the

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.

3.206
thermal cyc

heating crack, quenching crack, etc.

le

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

3.207
thermochen
heat treatmd

hical treatment
nt (3.108) in a medium suitably chosen to enrich the surface layer of a workpiecs

desired elemlents such as carbon or nitrogen

Note 1 to entr]

data processipg.

3.208
thermomec
TMCP
controlled rq
followed by ¢

Note 1 to entr
heat treatmen|
(3.16) but exc

Note 2 to enf
tensile struct
formability off

3.209
through-haj
quench harde

Note 1 to ent}
process, itis 1

3.210

transformat
presentation|
temperature

Note 1 to entr

hanical control process

lling process in which the final deformation is carried olit ih a certain temperature
ir cooling or controlled cooling

t (3.108) alone, thermomechanical rolling can include tempering (3.203), including self-tem
uding direct quenching (3.68) and quenching and tempering (3.169).

ry: The targets of thermomechanical treatiments are to produce a fine grain, tough an
ire which cannot be achieved or repeatediby heat treatment alone and improved weldabili
a steel product.

rdening
ning (3.167) to achieve martensite (3.137) forming up to the core of a workpiece

ot always be possibleto-get a core microstructure only consisting of 100 % martensite.

ion diagrany
of austenite (3.12) transformation of ferrous materials in dependence of tim
for a given steel composition

. Setof curves drawn in a semi-logarithmic coordinate system with logarithmic time/tempe

coordinates w

with

y: The process parameters of the thermochemical treatment can be controlled\by instrumenits and

range

y: Leading to a material condition with certain properties which cannot be achieved or repeated by

pering

1 high
ty and

y: Depending on the geemetry of the workpiece, steel used and conditions during the hardening

b and

rature

hich define, for each level of temperature, the transformation of austenite as beginning and

nding

the transform

ation 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 determined.

3.210.1

time-temperature-transformation diagram
TTT diagram

diagram whi

ch presents isothermal transformation of austenite (3.12)

Note 1 to entry: TTT diagrams can be used to determine after the end of transformation, the volume-% of each

phase (3.156)
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and its hardness.
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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 determined.

3.211
transformation point
transformation temperature between one microstructure and another

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

3.212
trangformation range
interyal of temperature within which a product undergoes a change of phase(3156)

3.213
trangformation temperature
tempé¢rature at which a change of phase (3.156) occurs and, by extefision, at which the tragnsformation
beginls and ends when the transformation occurs over a range oftémperatures

Note 1 to entry: The following principal transformation temperatiires can be distinguished in steels:
1, equilibrium temperature defining the lower limit of existence of austenite (3.12);
3, equilibrium temperature defining the upper limit of existence of ferrite (3.85);

A

A

Aly, equilibrium temperature defining the upperlimit of existence of cementite (3.39) in hyperdutectoid steels
(3.117);
M
M
M

s, temperature at which the austenite begins to transform into martensite (3.137) during coqling (3.45);
, temperature at which the austenite'has almost completely transformed into martensite dyring cooling;
x temperature at which x vol<% of the austenite has transformed into martensite during copling.

3.214
two-4tage nitriding
nitriding (3.143) withat least one change in the nitriding conditions (temperaturel and/or gas
comppsition), intendedto reduce the thickness of the compound layer

3.215
vapor film
film fprme@on the piece to be hardened in the first stage of water and oil quenching

3.21
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).

© ISO 2018 - All rights reserved 29


https://standardsiso.com/api/?name=4350691847df859c6b977fcd5049e978

ISO 4885:2018(E)

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 (3.3

3.219

9).

work hardening
strain hardening

strengthenin

Note 1 to entr
the crystal sty

Note 2 to entr]

g of a metal by deformation

ucture of the material.

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

y: This strengthening occurs because of dislocation movements and dislocation genegation 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 3.1 structure Nadelférmiges EHIREEH FRIRAHARE
aciculaire Gefiige/
Nadeliges Gefuge
activity 3.2 activité AKktivitit EE I
ageing 3.3 vieillissement Altern NESY 524
air hqrdening steel ~ |3.4 auto-trempant lufthirtender Stahl pashEpre L I AN Y U
(acier)
alphaliron 3.5 fer a a-Eisen atk ah
alphalmixed crystal |3.6 avec présence o-Mischkristall RAEIRAREN -
de ferrite
alumjnizing 3.7 aluminiisation Aluminieren B TNIFAT
annealing 3.8 recuit Gliithen B BEREL
ausfefrite 39 austénite-ferrite |Ausferrit SRSV FTA7xT7A b
(structure)
ausfofming 3.10 austéniformage Austenitformhéarten BEAETR | AT AT+ —24L
RAIR
austempering 3.11 trempe étagée Austempern 85K AT LN
bainitique NEAER
K
austepite 3.12 austénite Austenit BEK F AT FA R
austepitic steel 3.13 acier austénitique |austenitischer Stahl B EC AN AT F A N
austenitizing 3.14 austénitisation Austenitisieren BEEAE F—27 A Mk
austenitizing 3.15 température Austenitisiertemperatur | EBEFSMERE |4 —AT 71 Mk
temperature d'austénitisation IR
auto-tempering/ 3.16 auto-revenu Selbstanlassen Bk F—hr7T N
self-tempering
B
bainite 3.17 bainite Bainit DAGVEYS ~_AFA b
bainitizing 3.18 bainitisation Bainitisieren MK NRAFAZAY
N
bake hardening steel |3.19 acier a bake Bakehardening-Stahl |t} (E | EAERE(TEE(L
hardening HI4lR

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/ i S 2038 _AF T
Wasserstoffentzug
durch Glithen
banded structure 3.21 bandes (structure |Zeilengefiige; EHIRALS (BN ik
de) Zeilenstruktur
blacking 3.22 brunissage Briinieren TEEEAE | Bk
black nitriding 3.23 nitruration noire |Nitrocarburieren mit saEt Bzl
. Nachoxidation
blank nitridirlg 3.24 nitruration a Blindnitrieren ZTEBE VANYA 34
blanc
batch annealjng/ 3.25 recuit base Haubenglithen SIEX/ Tl EL
box annealing S EDE
FRIEX
blueing 3.26 bleuissage Blduen IR SATE TN—A Y
boost-diffuselcarbur- |3.27 cémentation mehrstufiges Aufkohlen |JI3EIESSIK | 7 —A MEHIZ
izing étagée 1%
boriding 3.28 boruration Borieren SR RIALT AT
bright annealing 3.29 recuit blanc Blankglithen HEIEX SeRRE R E L
burning 3.30 brilure Verbrennung ke N—=
C
carbon activify 3.31 activité du Kohlenstoffaktivitit; "EE JRFZEDIE =]
carbone C-Aktivitdt
carbon mass fransfer |3.32 coefficient de Kohlenstoffiiber- e AY  |REOEEEH
coefficient transfert du gangszahl 1%k
carbone
carbon level 3.33 teneur en carbone Kohlenstoffpegel =1 T =R AL
carbon profilp 3.34 courbe de Kohlenstoffverlauf/ wE89%h |REBEEEOPEML
répartition'du Kohlenstoffprofil HeR%
carboné
carbonitriding 3.35 carbonitruration |Carbonitrieren kEmits BirE(l
carburizing 3.36 ¢éméntation Aufkohlen Bk =R
case hardening 3.37 (no French Einsatzhirten FREEL IF72hEE
equivalent)
castiron 3.38 fonte Gusseisen BBk ek
cementite 339 cémentite Zementit Bk TAHA N
chromizing 3.40 chromisation Chromieren B AR E N 4
Compound la— or 3 A1 caouche de Vprhinr]nngccr‘hir‘hf {l\:/:mF {E/’:\%E_
combinaison
continuous annealing |3.42 recuit continu Kontinuierliches Glithen |i&E4E3E X HHTEERE L,
bl
continuous-cooling- [3.43 diagramme de Kontinuierliches Zeit-  |ZE£L5HET | HiamHIZRErR
transformation transformation Temperature- .(CCT.) P
diagram en refroidisse- Umwandlungsschaubild (CCTHREX)
(CCT diagram) ment continu (en |(Kontinuierliches
conditions aniso- |ZTU-Schaubild)
thermes)
(diagramme TRC)
controlled rolling 3.44 laminage contr6lé |kontrolliertes Walzen | 3214l il SE

a  Reference number of the term in this document.
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