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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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INTERNATIONAL STANDARD ISO 2107:2023(E)

Aluminium and aluminium alloys — Wrought products —
Temper designations

1 Scope

This document establishes temper designations as required for identification for all product forms of

wroughtaluminium and aluminium a”nyc

2 Normative references

Therg are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO apd IEC maintain terminology databases for use in standatdization at the following addresses:

— 1$0 Online browsing platform: available at https://wwwriso.org/obp

— IEC Electropedia: available at https://www.electrdpedia.org/

ing of solid metal

3.3

hot working
forming of solid metal-after pre-heating

Note 1 to entry: Strain hardening will or will not occur during hot working.

3.4
cold Forking

formingofsolid metal without preheating

Note 1 to entry: Plastic deformation of metal at such temperature and strain-rate that strain hardening occurs.

3.5

strain-hardening

modification of a metal structure, by cold working, resulting in an increase in strength and hardness,
generally with loss of ductility

3.6

solution heat-treating

heating of an alloy at a suitable temperature for a sufficient time to allow one or more soluble
constituents to enter into solid solution, where they are retained in a supersaturated state after
quenching (rapid cooling)

©1S0 2023 - All rights reserved 1
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3.7
ageing

treatment of a metal aiming at a change in its properties by precipitation of intermetallic phases from
supersaturated solid solution

Note 1 to entry: Ageing can be a treatment at room temperature (natural ageing) or a thermal treatment (artificial

ageing).

3.8
annealing

thermal treatment to soften metal by reduction or removal of strain hardening resulting from cold

working and

or by coalescing precipitates from solid solution

3.9
heat treatal
alloy which ¢

3.10
non-heat-tr¢
alloy which i

5
3.11

stress-relie\
reduction of

4 Basict

The temper
various tem]
combination

D

Regional tem
The temper ¢

Basic temper
indicated by
sequence of
influencing t

Should soms
resulting in (

Throughout

“X” deno

Ees anun
v ddo)

le alloy
an be strengthened by a suitable thermal treatment

atable alloy
strengthened by working and not by thermal treatment

ing
internal residual stresses by thermal or mechanical means

emper designations

designations are based on the sequences-'0f basic treatments used to produg
ers. Property limits (mechanical or physical) apply to individual alloy-temper-pr

D.
per designations are provided in Aunex A.

lesignation follows the alloy desighation; these are separated by a hyphen.

designations consist of letters. If subdivisions of the basic tempers are required, the

one or more digits following the letter of the basic temper. These digits relate to a sy
basic treatments, bat)only those treatments or operations recognized as signifi
he product characteTistics are indicated.

other variation’ of the same sequence of basic operations be applied to the same

lifferent characteristics, then additional digits are added to the designation.

this document, generalized examples of tempers are shown, as follows:

specified digit (e.g. H2X is generalized to indicate appropriate temper design

e the
oduct

Se are
ecific
rantly

alloy,

itions

1+ 11200

in the se

I

ICO 1T1I4 1 LU lan.lJ,

“XX” denotes two unspecified digits (e.g. HXX4 is generalized to indicate appropriate temper

designations in the H114 to H194 series, the H224 to H294 series, and the H324 to H394 series);

designati

41 F—as

ons such as T351, T651, T6151, T7351, T7651, etc.).

fabricated

“_” denotes one or multiple unspecified digits (e.g. T_51 is generalized to indicate appropriate temper

This designation applies to the products of shaping processes in which no special control over thermal
conditions or strain-hardening is employed. For wrought products, there are no mechanical property
limits specified.
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4.2 0O — annealed

This designation applies to wrought products that are annealed to obtain the lowest strength temper,
and to cast products that are annealed to improve ductility and dimensional stability. The O may be
followed by a digit other than zero to indicate a product in the annealed condition having special

chara

NOTE

4.3

cteristics.

Products achieving the required annealed properties after hot forming processes can be designated
as O temper.

H — strain-hardened

This
withg
alway
and t
digit
the tv

4.4

This ¢
temp
agein

4.5

lesignation applies to products that have their strength increased by strain-harde
ut supplementary thermal treatments to produce some reduction in strength, Th
s followed by at least two digits, the first indicating the specific combinatign of bas
he second indicating the degree of strain hardening. A third digit indicates‘a variat
emper and is used when the mechanical properties, or other characteristics, differ f
yo-digit H temper to which it is added.

W — solution heat-treated

lesignation describes an unstable temper applicable only t6 alloys that spontaneousl;
brature after solution heat-treatment. This designation is&pecific only when the peri
b is indicated, e.g. W 1/2 hr.

T — precipitation hardened to produce stable tempers other than F, O or

ning with or
e letter H is
c operations
ion of a two-
rom those of

 age atroom

bod of natural

H

This ¢lesignation applies to products that are précipitation hardened, with or without supplementary

strair
the sy

5

A dig
charal
shall
harde

5.1
dime

This
time

Subdivisions of O temper designations

hardening, to produce stable tempers. The T is always followed by one or more dig
ecific sequence of treatments.

it following the O, when used, indicates a product in the annealed condition hz
cteristics. As the O teniper is not part of the strain-hardened (H) series, variationg
hot apply to products that are strain-hardened after annealing and in which the eff
ning is recognized iy the mechanical properties or other characteristics.

01 — highztemperature annealed to accentuate ultrasonic response and
nsionalstability

ts indicating

ving special
of O temper
ect of strain-

provide

esighiation applies to wrought products that are thermally treated at approximat
hid temperature requlred for solution heat- treatment and slow cooled to room tet

order

ely the same
nperature in

products that are to be machlned prior to solutlon heat treatment by the user. Mechamcal property
limits are not specified.

5.2

03 — homogenized

This designation applies to continuously cast drawing stock or strip, which are subjected to a high
temperature soaking treatment to eliminate or reduce segregations, thus improving subsequent
formability and/or response to solution heat-treatment.
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6 Subdivisions of H temper designations

6.1 General

Subdivisions are made according to the basic operations described in Clause 4 and the final degree of
strain hardening as described in 6.2 to 6.5.

6.2 First digit after H

The first digit following the letter H indicates the specific combination of basic operations as follows:

a) H1XStrg

These d
without

b) H2X Str3

These dd
and ther
at room
correspd
tensile s

c) H3X Strg
These dg

in-hardened only.

psignations apply to products that are strain-hardened to obtain the desired) Str
supplementary thermal treatment.

in-hardened and partially annealed.

reduced in strength to the desired level by partial annealing.cFor"alloys that age-s
temperature, the H2X tempers have the same minimum ultimate tensile strength
nding H3X tempers. For other alloys, the H2X tempers have{the same minimum ul{
frength as the corresponding H1X tempers and slightly higher elongation.

in-hardened and stabilized.

bsignations apply to products that are strain-hardened and whose mechanical prop

are stab

during fabrication. Stabilization usually improves ductility. This designation is applicable o
those allpys which, unless stabilized, gradually age-soften at room temperature.

d) H4X Strdin-hardened and lacquered or painted:

These d¢signations apply to products that are strain-hardened and which are subjected to
thermal joperation during the subsegtient painting or lacquering operation. The correspondin

or H3X

6.3 Second digit after H

The second d
as identified

a) HX8 has
of tempg
the alloy

lized either by a low-temperature thermal treatment or as a result of heat intro

echanical property limitsapply.

igit following the-designation H1, H2, H3, and H4 indicates the degree of strain hard
by the minimum value of the ultimate tensile strength.

been asSigned to the hardest tempers normally produced. The minimum tensile str
rs HX8may be determined from Table 1 and is based on the minimum tensile stren
in‘the annealed temper.

ength

signations apply to products that are strain-hardened more than the'desired final anjount,

often
hs the
imate

erties
Huced
hly to

some
5 H2X

bning,

ength
oth of
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Table 1 — Determination of HX8 minimum tensile strength

igher 0 or 5 MPa.

Minimum tensile strength in annealed Increase in tensile strength to HX8 temper
temper MPa
MPa
up to 40 55
45 to 60 65
65 to 80 75
85 to 100 85
105 to 120 90
125to 160 95
165 to 200 100
205 to 240 105
245 to 280 110
285t0 320 115
325 and over 120

empers between O (annealed) and HX8 are designated by numerals 1 to 7:

HX4 designates tempers whose ultimate tensile strength is approximately midv
that of the O temper and that of the HX8 tempers;

HX2 designates tempers whose ultimate tensile, strength is approximately midy
that of the O temper and that of the HX4 tempers;

HX6 designates tempers whose ultimaté’tensile strength is approximately midy
that of the HX4 tempers and that of the HX8 tempers;

HX1, HX3, HX5 and HX7 designateitempers intermediate between those defined a

he ultimate tensile strength of\the odd-numbered intermediate (-HX1, -HX3, -HX
empers, determined as described above, when not ending in 0 or 5, shall be rounde

X9 designates tempers whose minimum ultimate tensile strength exceeds that of the
y 10 MPa or more,

Third digit-after H

hird digit, when used, indicates a variation of a two-digit temper. It is used when {
bl of temper or the mechanical properties or both differ from, but are close to, that (or

b) T
1
2
3
4
T
t4
h
c) H
b
6.4
The t
contr
two-d

affecfed)Numerals 1-9 are arbitrarily defined to indicate a variation of a two-digit H-tem

igit\H'temper designation to which it is added, or when some other characteristic is

vay between
vay between
vay between
bove.

5 and -HX7)

d to the next

HX8 tempers

he degree of
those) for the
significantly

per with the

exception of the specifically defined three-digit designations.

The following three-digit H temper designations have been assigned.

a)

HX11 applies to products that incur sufficient strain-hardening after the final anneal, such that

they fail to qualify as annealed, but not so much or so consistent an amount of strain-hardening
that they qualify as HX1.

b)

and for which there are mechanical property limits.

H112 applies to products that can acquire some temper from working at an elevated temperature

H116 applies to products manufactured from alloys in the 5xxx group in which the magnesium

content is 3 % nominal or more. These products are strain-hardened at the last operation to
specified stable tensile property limits, and to meet specified levels of corrosion resistance in

© IS0 2023 - All rights reserved
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accelerated-type corrosion tests. Corrosion tests include inter-granular and exfoliation tests. This
temper is suitable for continuous service at temperatures no greater than 65 °C (150° F).

d) H321 applies to products from alloys in the 5xxx group in which the magnesium content is 3 %
nominal or more. These products are thermally stabilized at the last operation to obtain specified
stable tensile property limits, and to meet specified levels of corrosion resistance in accelerated-
type corrosion tests. Corrosion tests include inter-granular and exfoliation tests. This temper is
suitable for continuous service at temperatures no greater than 65 °C (150° F).

e) H1X8 applied to products manufactured from alloys in the 5xxx series, for which magnesium
content is 3 % nominal or more. Products are strain-hardened at the last operation to specified
stable tensile property limits and are capable of meeting specified levels of corrosion resistance
in accel¢rated-type corrosion tests after a thermal treatment that is intended to demongtrate
improvefl corrosion performance in ambient conditions. Corrosion tests include inter-granulgr and
exfoliatipn tests. This temper is suitable for continuous service at temperatures no.gréater than
65°C (130° F).

f) HXX4 and HXX5 applies to patterned or embossed sheet and strip fabricated from the listedd HXX
temper. The mechanical properties of the embossed or engraved product differs from those pf the
original femper. The following three-digit H temper designations are summarized in Table 2.

Table 2 — Summary of pattern or embossed-sheet

Pattern or embossed sheet Fabricated from

H114 O temper

H124,H224, H324 H11, H21, H3X\temper, respectively
H134,H235, H334 H12, H22, H32 temper, respectively
H144,H244,H344 H13, H23,-H33 temper, respectively
H154, H254, H354 H14,H24, H34 temper, respectively
H164,H264, H364 H15, H25, H35 temper, respectively
H174, H274, H374 H16, H26, H36 temper, respectively
H184, H284, H384 H17, H27, H37 temper, respectively
H194, H294, H394 H18, H28, H38 temper, respectively
H195, H295, H395 H19, H29, H39 temper, respectively

6.5 Other]digits after H

If necessary,|other or additional digits may be used to identify other variations of a subdivision of basic
temper H.

7 Subdiviisions of T temper designations

7.1 First digits (numerals 1 to 10) after T

The first digit following the letter T is used to identify the specific sequences of basic treatments.
Numerals 1 to 10 have been assigned as follows.

NOTE1 A period of natural ageing at room temperature can occur between or after the operations listed for
the T tempers. Control of this period is exercised when it is metallurgically important.

a) T1: Cooled from an elevated-temperature shaping process and naturally aged to a substantially
stable condition.

This designation applies to products that are not cold-worked after cooling from an elevated-
temperature shaping process, or in which the effect of cold work, in flattening or straightening, will
possibly not be recognized in mechanical property limits.

6 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=1a6b199ae7aa2aafbc96d8290069fafd

b)
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f)

g)

h)

j)
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T2: Cooled from an elevated-temperature shaping process, cold-worked, and naturally aged to a
substantially stable condition.

This designation applies to products that are cold-worked to improve strength after cooling from
an elevated-temperature shaping process, or in which the effect of cold work, in flattening or
straightening, is recognized in mechanical property limits.

T3: Solution heat-treated, cold-worked, and naturally aged to a substantially stable condition.

This designation applies to products that are cold-worked to improve strength after solution
heat-treatment, or in which the effect of cold work, in flattening or straightening, is recognized in
mechanical property limits.

: Solution heat-treated and naturally aged to a substantially stable condition

is designation applies to products that are not cold-worked after solutiopjheat-treptment, or in
hich the effect of cold work, in flattening or straightening, may not be reCognized in mechanical
property limits.

: Cooled from an elevated-temperature shaping process and thenartificially aged

is designation applies to products that are not cold-workedyafter cooling from [an elevated-
te¢mperature shaping process, or in which the effect of cold work in flattening or straightening may
npt be recognized in mechanical property limits.

: Solution heat-treated and then artificially aged

is designation applies to products that are not«cold-worked after solution heat-treptment, or in
hich the effect of cold work, in flattening or straightening, may not be recognized i) mechanical
operty limits.

7: Solution heat-treated and overaged /stabilized

hrry them beyond a point of maximum strength, in order to provide control of son

p
T
This designation applies to products’ that are artificially aged after solution heat-
c
characteristic other than mechanical properties.

OTE 2
hd limit used to evaluate material according to this characteristic are specified at the time
bfinition.

For this purpose;characteristic is something more than mechanical properties. Th

his designation applies to products that are cold-worked to improve strength, or

N
a
d
T|8: Solution heat-treated, cold worked and then artificially aged
T
effect of €old work, in flattening or straightening, is recognized in mechanical propert

T|9: Solution heat-treated, artificially aged and then cold-worked

[reatment to
e significant

e test method
of the temper

in which the
y limits.

hisdesigmatiomappties to products thratare cold=worked toimprove strength:

T10: Cooled from an elevated-temperature shaping process, cold-worked, and then artificially aged

This designation applies to products that are cold-worked after cooling from an elevated-
temperature shaping process to improve strength, or in which the effect of cold work, in flattening
or straightening, is recognized in mechanical property limits.

©1S0 2023 - All rights reserved 7
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NOTE 3

Solution heat treatment [in c), d), f), g), h) and i)] is achieved by heating cast or wrought products to a

suitable temperature, holding at that temperature long enough to allow constituents to enter into solid solution
and cooling rapidly enough to hold the constituents in solution. Some 6xxx or 7xxx series alloys attain the same
specified mechanical properties, whether furnace solution heat-treated or cooled from an elevated temperature-
shaping process with a cooling rate rapid enough to hold constituents in solution. In such cases, when allowed by
material specification or purchaser, the temper designations T3, T4, T6, T7, T8 and T9 are used to apply to either
process and are appropriate designations, provided the process is controlled to ensure that the product meets
specified mechanical properties and, if specified, any other properties (e.g. corrosion resistance).

The T-temper designations and definitions are summarized in Table 3.

Table 3 — Summary of processing for achieving T-tempers

Ageing Cold worked Cooled from elevated-tem- Solution heat-treated 2
perature shaping process
No T1 T4
Naturpl
Yes T2 T3
No T5 T6, T7
Artificjal Yes — before ageing T10 T8
Yes — after ageing — T9
a  See NOTEB.
7.2 Additlonal digits added to designations T1 to T10

Additional djgits, the first of which shall not be zero, may be added to designations T1 to T10 to in

a variation ix
basic treatm

the solut

the amot

the streg

These additi
with 7.3.

Variations in
treatments fi

treatment which significantly alters the characteristics of the product with respect
ent. These digits may relate to one or more of the following:

ion heat-treatment and/or the precipitation heat-treatment (ageing);
int of cold work after solution heat-theatment;

s-relieving operation.

br which additional'digits are not assigned.

7.3 Assigned addjtional digits for stress-relieved T tempers

7.3.1 Stre

ss-reliéved by stretching

rad ond oo Jd2 L d i £

d
T COTO T

bnal digits may be assignéd and standardized as described in Clause 3 and in accor

Hlicate
to the

dance

treatment that dg-mot alter the characteristics of the product are considered altermnative

s and

a) T_51: appt

3 o nlot L £ o o 4 dpaclh o 3 S 3 roin
PTICStOprate; Sttt anta 1 ontta U T STICU T Ot ara—oar, G Iraia UT T Iy TUT g1t

rolled rings when stretched to the indicated amounts after solution heat-treatment or after cooling
from an elevated-temperature shaping process. These products receive no further straightening

after str

die,

etching:

plate: 1,5 % to 3 % permanent set (deformation);
sheet: 0,5 % to 3 % permanent set;

rolled or cold-finished rod and bar: 1 % to 3 % permanent set;

hand or ring forgings, rolled rings: 1 % to 5 % permanent set.
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b)

7.3.2 Stressrelieved by compressing
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T_510: applies to extruded rod, bar, profiles (shapes) and tube, and to drawn tube when stretched to
the indicated amounts after solution heat-treatment or after cooling from an elevated-temperature
shaping process. These products receive no further straightening after stretching:

— extruded rod, bar, profiles (shapes) and tube: 1 % to 3 % permanent set;
— drawn tube: 0,5 % to 3 % permanent set.

T_511: applies to extruded rod, bar, profiles (shapes) and tube, and to drawn tube when stretched to
the indicated amounts after solution heat-treatment or after cooling from an elevated-temperature
shaping process. These products may receive minor straightening after stretching to comply with
standard tolerances:

- extruded rod, bar, profiles (shapes) and tube: 1 % to 3 % permanent set;

- drawn tube: 0,5 % to 3 % permanent set.

T_52:|applies to products that are stress-relieved by compressing after solution heat-freatment or
cooling from an elevated-temperature shaping process to produce a permanent set of 1 % fo 5 %.

7.3.3| Stressrelieved by combined stretching and compressing

T_54 applies to die forgings that are stress-relieved by restriking cold in the finish die.

7.4

Assigned additional digits for stress-relieved W tempers

The spme digits as those defined in 7.3.1, 7.3.2 add 7.3.3 may be added to the designation|W (e.g. W51;
W51(; W511; W52; W54) to indicate unstablesolution heat-treated and stress-relieved tempers.

7.5

Assigned additional digits for-variations of T7 type tempers

The fpllowing temper designations have been assigned to wrought products which aile artificially
overaged to obtain a good compromise among exfoliation corrosion resistance, stress corrosion

resistiance, fracture toughness and tensile strength.

Thes¢ designations shall-be-applied when standardizing new alloy-temper-product combinations:

T|79: very limited-overageing to achieve some improved corrosion resistance with limifed reduction
in strength as’éompared to the T6 temper.

T|76: limited overaged condition to achieve moderate corrosion resistance with some|reduction in
strength:The T76 temper has lower strength and better corrosion resistance than thg T79 temper.

T74-0overaged condition to achieve good corrosion resistance with a greater reductiop in strength
than the T76 temper. The T74 temper strength and corrosion resistance properties are between
those of the T73 and T76 tempers.

T73: fully overaged condition to achieve the best corrosion resistance of the T7X tempers with a
greater reduction in strength than the T74 temper.

T77: aged condition which provides strength at or near T6 Temper and corrosion resistance similar
to the T76 temper.

The relative changes in material properties for the same alloy, during overageing of T7X tempers, are
summarized in Figure 1.

©1S0 2023 - All rights reserved 9


https://standardsiso.com/api/?name=1a6b199ae7aa2aafbc96d8290069fafd

ISO 2107:2023(E)

NOTE1 Th

NOTE2  Th|

Figure 1 — Summary of generalized relationships for some T7X temper properties

7.6 Assigned additional digits for producer/supplier demonstration tempers and

purchaser

7.6.1 Tem
heat treatm

The followin

treated from|annealed (O, 01, etc.) or F temper, to demonstrate the response to heat treatment.

a) T42: solytion heat-treated from annealed or-F temper and naturally aged to a substantially

conditio

b) T62: solytion heat-treated from annealed or F temper and artificially aged;

c T7.2: Sjlcution heat-treated from’ annealed or F temper and artificially overaged to meg

mechani

7.6.2 Tem
conversion

Temper designation-E2 shall be used to indicate wrought-product test material, which has unde
furnace heaf-treatment for capability demonstration of temper conversion. When the purg
requires caplability demonstrations from T-temper, the seller shall note “Capability Demonstr

Property T79 T76 T74 T73

/

Tensile strength ~——_

Stress corrosion resistance /

\

—
e

Exfoliation corrosion resistance /

e T77 temper does not fall within the continuous progression of the T7X tempefs shown in Fig

user processed tempers

per designations for producer/supplier — Laboratory demonstration of respon
ent

b temper designations have been assigned-for wrought-product test material, furnace

1,

al properties and eorrosion resistance limits of the applicable T7_temper.

er designations for producer/supplier — Demonstration of response to tempe

s is a generalized representation. Actual magnitude and combination of properties vary for
individual allgys.

rure 1.

e to

heat-

btable

bt the

rgone
haser
htion”

: o A | A | " e Q 1
ad]acent to tlrespecHedant endnrg tenTpers: SOINE EXAINpIEs dare:

“-T3 to -T82 capability demonstration for response to ageing”;

— “T4 to -T62 capability demonstration for response to ageing”;

— “T4 to -T762 capability demonstration for response to over ageing”;

— “T6 to -T732 capability demonstration for response to over ageing”;

— “T351 to -T42 capability demonstration for response to re-solution heat-treating”.
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