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DEFINITIONS OF HEAT 
TRFATlliG ~ - SAE J415e 

Report of Iron and Steel Division 
approved June 1911 and last revised 
by Iron and Steel Technical Conmittee 
September 1974. Editorial change January 1975. 

(These definitions were prepared by the 
Joint Conmittee on Definitions of Tenns 
Relating to Heat Treatment appointed by 
the American Society of Testing and Materi­
als, The American Society for Metals, the 
American Foundrymen' s Association, and 
the SAE.) 

This glossary is not intended to be a 
specification, and it should not be inter­
preted as such. Since this is intended to 
be strictly a set of definitions, temper­
atures have been ani tted purposely. 

Ac em' Ac l' Ac 3' Ac 4-Defined under Trans­
formation Temperature. 

Aeem , Ae1 , Ae 3' Ae4- Defined under Trans­
formation Temperature. 

AGE HARDENING-Hardening by aging, usual­
ly after rapid cooling or cold working. 
See Aging. 

AGING-A change in the properties of cer­
tain metals and alloys that occurs at 
ambient or moderately elevated tempera­
tures after hot working or a heat treat­
ment (quench aging in ferrous alloys, na­
tural or artificial aging in ferrous and 
nonferrous alloys) or after a cold work­
ing operation (strain aging) The change 
in properties is often, but not always, 
due to a phase change (precipitation), 
but never involves a change in chemical 
canposition of the metal or alloys. See 
also Age Hardening, A.....-<-tificial Aging, 
Natural Aging, OVeraging, Precipitation 
Hardening, precipitation Heat Treatment, 
Progressive Aging, Quench Aging, Strain 
Aging. 

ANNEALING-Heating to and holding at a 
suitable tenperature and then cooling at 
a suitable rate, for such purposes as re­
ducing hardness, irrproving machinability, 
facilitating cold working, producing a 
desired microstructure, or obtaining de­
sired uechanical, physical, or other pro­
perties. When applicable, the follaving 
more specific terms should be used: Black 
Annealing, Blue Annealing, Box Annealing, 
Bright Annealing, Flame Annealing, Full 
Annealing, Graphitizing, Intennediate· 
Annealing, Isothernal Annealing, Malle­
ablizing, Process Annealing, Quench An­
nealing, Recrystallization Annealing and 

SAE Information Report 

Spheroidizing. 
Definitions of the arove terms are giv­

en in their alphabetic positions in this 
glossary. 

When applied to ferrous alloys, the tenn 
"annealing" withG>ut qualification, irrplies 
full annealing. 

When applied to nonferrous alloys, the 
tenn "annealing" irrplies a heat treatment 
designed to soften a cold worked structure 
by recrystallization or subsequent gram 
growth or to soften an age hardened alloy 
by causing a nearly corrplete precipitation 
of the second phase in relatively coarse 
fonn. . 

Any process of annealing will usually 
reduce stresses , but if the treatment is 
applied for the sole purpose of such re­
lief it should be designated Stress Re­
lieving. 

Arem' Ar l' Ar3 , Ar4 -Defined under Trans­
formation Temperature. 

ARI'IFICIAL AGING-Aging above roan tem­
perature.See Aging and Precipitation Heat 
Treatment. Cc:.npare with Natural Aging. 

AUSTEMPERING-Quenching a ferrous alloy 
from a temperature above the transforna­
tion range, in a medium having a rate of 
heat abstraction high enough to prevent 
the fornation of high terrprrature trans­
formation products, and then holding the 
alloy, until transfonnation is CXII1Plete, 
at a terrperature belo.v that of pearlite 
formation and above that of martensite 
formation. 

AUSTENITIZINrFonning austenite by heat­
ing a ferrous alloy into the transforma­
tion range (partial austenitizing) or 
above the. transfornation range (CXII1Plete 
austenitizing). When used without qualifi­
cation, the tenn irrplies complete austent­
izing. 

BAKING-Heating to a low temperature in 
order to rerrove gases. 

BIACK ANNEALING-Box annealing or pot 
annealing ferrous alloy sheet, strip or 
Wire. See Box Annealing. 

BLANK CARBURIZING-Simulating the car­
burizing operation without introducing 
carbon. This is usually accanplished by 
using an inert material in place of the 
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carburizing agent, or by applying a suit­
able protective coating to the ferrous 
alloy. 

BLANK NITRIDING-Simulating the ni triding 
operation without introducing nitrogen. 
This is usually acoorrplished by using an 
inert material in place of the ni triding 
agent, or by applying a suitable protectivE' 
coating to the ferrous alloy. . 

BLUE ANNEALING-Heating hot rolled fer­
rous sheet in an open furnace to a terrp­
erature within the transformation range 
and then ccx::>ling in air, in order to soften 
the rretal. The fo:rmation of a bluish 
oxide on the surface is incidental. 

BLUING-Subjecting the scale free sur­
face of a ferrous alloy to the action of 
air, steam, or other agents at a sui table 
terrperature, thus forming a thin blue 
film of oxide and improving the appear­
ance and resistance to oorrosion. 

NOI'E: This term is ordinarily applied 
to sheet, strip, or finished parts. It is 
used also to denote the heating of springs 
after fabrication, in order to improve 
their properties. 

BOX ANNFALINf-Annealing a rretal or alloy 
in a sealed container under conditions 
that minimize oxidation. In box annealing 
a ferrous alloy, the charge is usually 
heated slowly to a terrperature belav the 
transformation range, but sanetirres above 
or within it, and is then ccx::>led slowly; 
this process is also called "close anneal­
ing: or "pot annealing." See Black Armeal­
ing. 

BRIGHT ANNEALING-Annealing in a protect­
ive medium to prevent discoloration of the 
bright surface. 

BURNINf-Pennanently damaging a rretal or 
alloy by heatinq to cause either incipient 
rrel ting or intergranular oxidation. See 
OVerheating. 

CARBON POTENTIAL-A rreasure of the ability 
of an environrrent oontaining active car­
bon to alter or maintain, under prescribed 
oondi tions, the carbon content of the 
steel exposed to it. Note-In any particu­
lar environment, the carbon level attain­
ed will depend on such factors as terrpera­
ture, time and steel CCJInIX>sition. 

CARECN RES'IORATICN-Replacing the carbon 
lost in the surface layer from previous 
processing by carburizing this layer to 
substantially the original carl:x:>n level. 

CARBONITRIDING-A case hardening process 
in which a suitable ferrous material is 
heated above the laver transformation 

, temperature in a gaseous atmosphere of 
such composition as to cause simultaneous 

abso:rption of carbon and nitrogen by the 
surface and, by diffusion, create a concen­
tration gradient. The process is oorrpleted 
by cooling at a rate which produces the 
desired properties in the workpiece. 

CAREURIZING-A process in which an austen­
i tized ferrous material is brough into 
contact with a carbonaceous atmosphere of 
sufficientqarbon potential to cause ab­
sorption of carbon at the surface and, by 
diffusion, create a concentration gradient. 

CASE-In a ferrous alloy, the outer por­
tion that has been made harder than the 
inner portion or Core by Case Hardening. 

CASE HARDENING-A generic tenn oovering 
several processes applicable to steel that 
change the cheridcal compositton of the sur­
face layer by ab$orption of carl:x:>n, ni tro­
gen, or a mixture of the two and, by diffu­
sion, create a concentration gradient. The 
processes carnronly used are: carburizing and 
and quench hardening, cyaniding, ni triding , 
carboni triding . The use of the applicable 
specific process name is preferred. 

CEMENTATION-The introduction of one or 
JlK)re elements into the outer portion of a 
rre:tal object by means of diffusion at high 
temperature. 

CLOSE ANNEALING-See Box Annealing. 
COLD TREA'IMENT-Exposing to sui table sub­

zero terrperatures for the purpose of ob­
taining desired oondi tions or properties, 
such as dimensional or microstructural sta­
bility. When the treatment involves the 
transformation of retained austenite, it 
is usually followed by a terrpering treat­
ment. 

CONDITIONING HEAT TREA'IMENI'-A preliminary 
heat treatment used to prepare a material 
for a desired reaction to a subsequent heat 
treabnent. For the term to be rreaningful,· 
the treatment used must be specified. 

CCNTROLLED COOLING-Cooling fran an ele..,... 
vated temperature in a predetermined manner, 
to avoid hardening, cracking, or internal 
damage, or to produce a desired microstruc­
ture or mechanical properties. The tenn 
applies to cooling following hot working. 

CORE-In a case hardened or surface hard­
ened ferrous alloy, the inner portion that 
is softer than the outer portion or Case. 

CRITICAL COOLING RA'lE- The minimum rate 
of continuous ccx::>ling to prevent undesir­
able transformation. For steel it is the 
minimum rate at which austenite must be 
continuously cooled to suppress transfo:rm­
ations above the ms temperature. 

CRITICAL TEMPERATURE RANGE-Synonyrrous 
with Transformation range which is pre-
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ferred. 
CYANIDlli&- Introducing carbon and nitro­

geninto a solid ferrous alloy by holding 
above Ac 1 - in contact with nol ten cyanide 
of sui table corrp:>si:tion. The cyanided 
alloy is usually quench hardened. 

CYCLE ANNEALING-An annealing process 
employing a predetermined and closely con­
trolled tine-temperature cycle to produce 
specific properties or microstructure. 

DECARBURIZATION-The loss of carbon fran 
the surface of a ferrous alloy as a re­
sult of heating in a rredium that reacts 
wi th the carbon. 

DIFFERENTIAL HEATING-Heating that inten­
tionally produces a temperature gradient 
within an object such that, after CXJOling, 
a desired stress distribution or variation 
in properties is present wi thin the ob­
ject. 

DIFFUSION CDATING-Any process whereby a 
basis metal or alloy is either: (1) coated 
with another metal or alloy and heated to 
a sufficient temperature in a suitable 
envirornrent or (2) exposed to a gaseous or 
liquid medium containing the other metal 
or alloy, thus causing diffusion of the 
coating or of the other metal or alloy 
into the basis metal with resultant change 
in the corrposi tion and properties of its 
surface. 

DIRECI' QUENCHING-Quenching carburized 
parts directly fran the carburizing oper­
ation. 

roUBLE AGING-Einployment of two different 
aging treatments to control the type of 
precipitate fonmed fnam a super-saturated 
alloy matrix in order to obtain the desir­
ed properties. The first aging treat:rrent, 
sorretines referred to as interrrediate or 
stablizing, is usually carried out at a 
higher tenmperature than the second. 

OOUBLE TEMPERING-A treabnent in which 
quench hardened steel is given b.u CXJIIr 

plete tempering cycles at substantially 
the same termperature for the purpJse of 
assuring completion of the tenpering re­
action and pronoting stability of the 
resulting microstructure • 

DRAWThG-A misnomer of Tempering. 
FERRITIZING ANNEAL-A treatment given as­

cast gray or ductile (nodular) iron to 
produce an essentially ferri tic matrix. 
For the term to be meaningful, the final 
microstructure desired or the time-temper­
ature cycle used must be specified. 

FLAME ANNEALING-Annealing in which the 
heat is applied directly by a flame. 

FlAME HARDEN'ING-A surface hardening pro­
cess in which only the surface la.yer of a 

suitable workpiece is heated by a suitably 
intense flame to above the upper transfor­
mation temperature and imned.iately quench­
ed. 

F(X; QT.JEN::HING-Quenching in a mist. 
FULL ANNEALING-Annealing a ferrous alloy 

by austenitizing and then cooling slowly 
through the transfonnation range ~ The aus­
teni tizing terrperature by hypoeutectoid 
steel is usually above Ac 3 and for hyper­
eutectoid steel usually between Ac 1 and 
kern· 

GAS CYANIDING-A misnaner for Carboni trid-
ing. , 

GRAIN GRCWI'H-An increase in the average 
size of the grains (see Notes 1 and 2) in 
polyc:rystalline Iretal, usually as a result 
of heating a,t elevated tenperature. 

NarES: (1) A grain is an individual cry­
stal in a polycrystalline metal and includ­
es twined regions and subgrains when pre­
sent. 

(2) Grain size is a IlEasure of the mean 
diameter, area, or volume of all indi vi­
dual grains observed in a polycrystalline 
metal. In metals containing two or rrore 
phases, the gra:j.n size refers to that 9f 
the matrix unless otherwise specified. 
For further infonna.tion on grain size and 
its measurement, see AS'lM E 112, Methods 
for Estimating the Average Grain Size of 
Metals. 

GRAPHITIZING-Annealing a ferrous alloy 
in such a way that some or all of the car­
bon is precipitated. as graphite. 

HARDENABILITY-In a ferrous alloy, the 
property that detenmines the depth and 
distribution of hardness induced by 
quenching. 

HARDENING-Increasing the hardness by 
suitable treatment, usually involving 
heating and cooling. When applicable, the 
following nore specific tenms should be 
used: Age Hardening, Case Hardening, Flame 
Hardening, Induction Hardening, Precipita­
tion Hardening, and Quench Hardening. 

HEAT TREP.TMENT-Heating an~ cooling a 
solid metal or alloy in such a way as to 
produce desired,conditions or properties. 
Heating for the sole purpose of hot \\Qrk­
ing is excluded from the meaning of this 
definition. 

HCMJGENEOUS CARBURIZING-A process that 
converts a lCM carbon ferrous alloy to 
one of substantially uniform and higher 
carbon content throughout the section, so 
that a specific response to hardening may 
be obtained. 

HOMJGENIZING-Holding at high temperature 
to reduce or eliminate chemical segrega-
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tion by diffusion. 
Har-OOLD IDRKING-Mechanical deformation 

of austenitic and precipitation hardening 
alloys at a temperature just belON the re­
crystallization range to increase the 
yield strength and hardness by either 
plastic deformation or precipitation hard­
ening effects induced by plastic deforma­
tion or both. 

Har QUENCHING-An imprecise tenn used to 
cover a variety of quenching procedures 
in which a quenching medium is maintained 
at a prescribed temperture above 160°F 
(7r C) • 

INDUCrrON HARDENING-A surface hardening 
process in which only the surface layer 
of a suitable ferrous v;orkpiece is heated 
by electrical induction to above the upper 
transformation temperature and immediately 
quenched. 

INDUcrION HEATING-Heating by electrical 
induction. 

INI'ERMEDIATE ANNEALING-Annealing 'WrOught 
metals at one or more staqes during manu­
facture and before final thermal treatment. 

INTERRUPTED AGING-Aging at two or more 
temperatures, by steps, and cooling to 
roam temperature after each step. See 
Aging and canpare with Progressive Aging. 

INTERRUPTED QUENCHIN3-Quenching in which 
the metal object being quenched is removed 
fran the quenching medium while the object 
is at a temperature substantially higher 
than that of the quenching medium. See 
also Time. Quenching. 

ISCYIHERMAL ANNEALIJSlG-Austenitizing a 
ferrous alloy and then CX){)ling to and 
holding at a temperature at which austen­
ite transfonns to a relatively soft fer­
rite-carbide aggregate. 

ISOI'HERMAL TRANSFORMATION-A change in 
phase at constant temperature. 

MA:LLF.ABLIZING-A process in which the 
as-cast malleable-type (white) iron is 
thermally treated for the purpose of con­
verting most of all of the carbon in Fe3 C 
to graphite (temper carbon) to produce a 
family of products with improved ductility. 

MARAGING-A precipitation hardening 
treabnent applied to a special group of 
iron base alloys to precipitate one or 
more intennetallic compounds in a matrix 
of essentially carbon-free martensite. 

NOl'E: The first developed series of 
maraging steels contained, in addition to 
iron, more than 10% nickel and one or more­
supplemental hardening elements. In this 
series, the aging is done at about 9000 F. 

MARTEMPERING-Quenching an austenitized 
ferrous alloy in a medium at a temperature 

in the upper part of the martensite range, 
or slightly above that range and holding 
in the medium until the terrperature 
throughopt the alloy is substantially uni­
fonn. The alloy is then allaNed to cool 
in air through the martensite range. 

MARI'ENSITE RANGE-The temperature inter .... · 
val between Ms and M f. 

Mf-Defined under Transformation Temper­
ature. 

Ms-Defined under Transformation Temper­
ature. 

NATURAL AGING-Spontaneous aging of a 
supersaturated solid solution at roam tem­
perature. See Aging and canpare with Arti­
ficial Aging. 

NITRIDING-Intrcx.1.ucing nitrogen into a 
solid ferrous alloy by holding at a suit­
able temperature (belON AC1 for ferri tic 
steels) in contact with a nitrogenous ma­
terial, usually armonia or molten cyanide 
of appropriate corrq;xJsition. Quenching is 
not required to produce a hard case. 

NORMALJZING-Heating a ferrous alloy to 
a suitable temperature above the transfor­
mation range and then cooling in air to a 
temperature substantially belaN the trans­
formation range. 

OVERAGING-Aging under conditions of time 
and temperature greater than those requir­
ed to obtain maximum change in a certain 
property, so that the property is altered 
in the direction of the initial value. 
See Aging. 

OVERHEATING-Heating a metal or alloy to 
such a high tetrperature that its proper­
ties are impaired. When the original pro­
perties cannot be restored by further 
heat treating, by mechanical v;orking, or 
by a canbination of working and heat 
treating, the overheating is known as 
Burning. 

PATENTING-In wire making, a heat treat­
ment applied to medium carbon or high car­
bon steel before the drawing of wire or be­
tween drafts. This process consists of 
heating to a temperature above the trans­
formation range and then cooling to a 
terrperature belON Ae1 , in air or in a 
bath of molten lead or salt. 

POSTHEATING-Heating weldrnents immediate­
ly after welding, for tempering, for 
stress relieving, or for providing a ron­
trolled rate of cooling to prevent forma­
tion of a hard or brittle structure. 

par ANNEALING-See Box Armealing. 
PROCIPITATION HARDENIJSIG-Hardening caused 

by the precipitation of a constituent 
fram a supersaturated solid solution. 
See also Age Hardening· and Aging. 
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PRECIPITATION HEAT TRFA'IMENT-Artificial 
aging in which a constituent precipitates 
from a supersaturated solid solution. See 
Artificial Aging, Interrupted Aging, and 
Progressive Aging. 

PREHEATING-Heating before sorre further 
thennal or mechanical treatIrEnt. For tool 
steel, heating to an interrrediate tempera­
ture immediately before final austenitiz­
ing. For sorre nonferrous alloys, heating 
to a high temperature for a long time in 
order to homogenize the structure before 
working. 

PROCESS ANNEALING-In the sheet and wire 
industries, heating a ferrous alloy to a 
temperature close to, but below, the lower 
limit of the transfonnation range and then 
cooling, in order to soften the alloy for 
further cold working. 

PROGRESSIVE AGING-Aging by increasing 
the temperature in steps or continuously 
during the aging cycle. See Aging and 
corrpare with Interrupted Aging and Step 
Aging. 

PSEUIXX!ARBURIZING-See Blank Carburizing. 
PSEUOONITRIDING-See Blank Ni triding • 
QUENCH AGING-Aging induced by rapid 

cooling after Solution Heat TreatIrEnt. 
QUEN:H ANNEALING-Annealing an austenitic 

ferrous alloy by solution Heat Treatnent. 
QUENCH HARDENING-Hardening a ferrous 

alloy by austenitizing and then cooling / 
rapidly enough so that some or all of the 
austenite transfo:rms to martensite. The 
austenitizing temperature for hypoeutec-
toid steels is usually al:x:>ve Ac 3 and for 
hypereutectoid steels usually between Ac

1 
and. Ac • 

em " . QUENCHING-Rapl.d coolmg. When appll.-
cable, the following rrore specific terms 
should be used: Direct Quenching, Fog 
Quenching, Hot Quenching, Interrupted 
Quenching , Selective Quenching, Spray 
Quenching, and Time Quenching. 

RECRYSTALLIZATION- (1) The change fran 
one crystal structure to another, as occurs 
on heating or cooling through a transfor­
mation terrnperature. (2) The fonnation of . 
a new, strain-free grain structure from 
that existing in cold worked metal, usual­
ly accanplished by heating. 

R:EX:::RYSTALLIZATION ANNEALING-Annealing 
cold worked rretal to produce a new grain 
structure without phase change. 

RECRYSTALLIZATION TEMPERATURE-The ap­
proximate :minimum temperature at which 
complete recrystallization of a cold WJrk­
ed metal occurs wi thin a specified time. 

SECONDARY HARDENING-The hardening pheno­
menon that occurs during high temperature 

terrpering of certain steels containing one 
or rrore carbide forming alloying elerrents. 
Up to an optinrum combination of tempering 
time and temperature, the reaction results 
either in the retention of hardness or an 
actual increase in hardness. 

SELECTIVE HEATING-Intentional heating 
of only certain portions of a workpiece. 

SELECTIVE QUENCHING-Quenching only cer­
tain portions of a workpiece. 

SHELL HARDENING-A surface hardening pro­
cess in which a suitable steel workpiece, 
when heated through and quench hardened, 
develops a martensi tic layer or shell that 
closely follows the con.tour of the piece 
and surrounds a core of essentially pear­
Ii tic transfonna.tion product. This result 
is accomplished by a proper balance be .... 
tween section size, steel hardenabili ty , 
and severity of quench. 

SIACK QUENCHING-The incomplete hardening 
of steel due to quenching fran the austen­
itizing temperature at a rate slower than 
the critical cooling rate for the particu­
lar steel, reSUlting in the fonnation of 
one or rrore transfonnation products in 
addition to martensite. 

SNAP 'IEMPER-A precautionary interim 
stress-relieving treatrrent applied to 
high hardenability steels immediately 
after quenching to prevent cracking be­
cause of delay in tempering them at the 
prescribed higher temperature. 

SOAKING-Prolonged holding at a selected 
temperature. 
. SOLUTION HEAT TREATMENT-Heating an alloy 

to a suitable temperature, holding at that 
temperature long enough to cause one or 
rrore constituents to enter into solid 
solution, and then cooling rapidly enough 
to hold these constituents in solution. 

SPHEIDIDIZING-Heating and cooling to 
produce a spheroidal or globular form of 
carbide in steel. Spheroidizing methods 
frequently used are: 

1. Prolonged holding at a temperature 
just below Ae 1 • 

2. Heating and cooling alternately be­
tween tenperatures that are just above 
and just below Ae 1 • 

3. Heating to a t~ature above Ae 1 
or Ae 3 and then cooling very slowly in the 
furnace or h:::>lding at a temperature just 
below Ae 1 • 

4. Cooling at a suitable rate fran the 
rninumum temperature at which .all carbide 
is dissolved, to prevent the re-fonnation 
of a carbide network and then reheating 
in accordance with Method 1 or 2 above. 
(Applicable to hypereutectoid steel con-
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