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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 1SO 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 ISQ_also take part in the work 1SQ collahorates closely with the International Electrotechnical

Commission|(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member'bodies castind a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the| subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

International|Standard 1SO 16220 was prepared by Technical Committee |ISO/TC 79, Light metals and their alloys,
Subcommittge SC 5, Magnesium and alloys of cast or wrought magnesium.

Annexes A tg C of this International Standard are for information only:

iv © SO 2000 — All rights reserved
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Introduction

This International Standard classifies the commercially available magnesium alloys into a number of grades

suitable for the applications to which they might be put.

Some of the alloys referenced in this International Standard can be the subject of a patent or of patent applications

and their |'Qting herein is not to be construed-in any way as the grnnfing of a licence undersuch patent rights_

This Interpational Standard is technically identical with the European Standard EN 1753, except-fol some minor
deviation In Mn content and Fe/Mn ratio. The grade designation is slightly different in this Internatiopal Standard

and EN 1753, and the correlation is given in annex A.
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INTERNATIONAL STANDARD ISO 162

20:2000(E)

Magnesium and magnesium alloys — Magnesium alloy ingots and
castings

1 Scoq
This Intern

castings. |
by agreem

2 Norn
The follow
this Intern
publication
investigatg
undated r
maintain r
ISO 31-0:]
ISO 2092,
ISO 65061
ISO 6892,

EN 1559-5
castings.

EN 1753,

I also specifies the mechanical properties of separately cast samples of these alloys‘(see ¢

native references

e
ational Standard specifies the chemical composition of magnesium alloy ingots and of mag

ent, the mechanical properties of magnesium alloy castings determined from samples cut fr

ng normative documents contain provisions which, through reference in this text, constitute
s do not apply. However, parties to agreements based on this International Standard are e
the possibility of applying the most recent editions of the normative documents indicate
eferences, the latest edition of the normative document referred to applies. Members of
pgisters of currently valid International Standards.

1992, Quantities and units — Part 0: General prifciples.

Light metals and their alloys — Code of désignation based on chemical symbols.

), Metallic materials — Hardness test== Brinell test.
Metallic materials — Tensile tésting at ambient temperature.

, Founding — Technical_condition of delivery — Part 5: Additional requirements for mag

\Magnesium and.magnesium alloys — Magnesium alloy ingots and castings.

nesium alloy
ause 6) and,
bm a casting.

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

nesium alloy

1) Since withdrawn and replaced by ISO 6506-1:1999, ISO 6506-2:1999 and ISO 6506-3:1999.
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3 Design

3.1 Materi

The material

ation

al

shall be designated by symbols as given in Tables 1 to 5.

The material symbol designations are in accordance with ISO 2092. The material number designations are identical
to those used in EN 1753.

NOTE A list of European designations, national and former national European designations corresponding to this
International Standard is given in annex A.

3.2 Temp
The following

— F: as-ca
the amo

— T4: soly
solution

— T5:as ¢
improve

— T6: solu
artificial

3.3 Castin

The following

— S: san

pr designation
symbols shall be used for temper designation:

5t; applies to products that acquire some temper from the casting processes with special ¢
Lint of thermal treatment;

tion heat-treated and naturally aged; applies to products that undergo no further treat
heat treatment;

ast and artificially aged; applies to products that are cooled\after casting, and then artificia
mechanical properties or dimensions;

aging.

g process designation

symbols shall be used for the designation of the different casting processes:

[ casting;

— K: peranent mould casting;

— D:  preg
— L inve
3.4 Desig

EXAMPLE

bsure die casting;

stment castinge

nation forardering

An order for

as-cast (F temper) and rr,1ade by sand casting (S) is as follows:

bntrol over

ment after

ly aged to

tion heat-treated and artificially aged; applies to products that are solution heat-treated fpllowed by

20 castings - 1SO 16220 - EN - MgAI9Zn1 (A) (or MC 21120) - F - S

elivered in
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Table 3 — Mechanical properties of sand cast magnesium alloys

ISO 16220:2000(E)

Temper Tensile 0,2% Elongation Brinell
Material designation de;'(?:a' strength | b 00f stress hardness
Alloy group Rm Ro.2 A HB @
In accordance with | In accordance N/mm? N/mm? %
ISO 2092 with EN 1753 min. min. min.
F 160 90 50 to 65
ISO-MgAI8Zn1 EN-MC21110
T4 240 90 8 50 to 65
MgAJZn E 160 a0 2 5 to 65
ISO-MgAI9Zn1(A) EN-MC21120 T4 240 110 6 b5 to 70
T6 240 150 2 50 to 90
MgzZnCu 1ISO-MgZn6Cu3Mn EN-MC32110 T6 195 125 2 b5 to 65
1ISO-MgZn4RE1Zr EN-MC35110 T5 200 135 2,5 b5 to 70
MgZnRREZr
ISO-MgRE3Zn2Zr EN-MC65120 T5 140 95 2,5 b0 to 60
ISO-MgAg2RE2Zr EN-MC65210 T6 240 175 2 /0 to 90
MgREAgZr
ISO-MgRE2Ag1Zr EN-MC65220 T6 240 175 2 /0 to 90
ISO-MgY5RE4Zr EN-MC95310 T6 250 170 2 BO to 90
MgYREZr
ISO-MgY4RE3Zr EN-MC95320 T6 220 170 2 /5 to 90
NOTE|1 Values given are for separately cast test pieces. The properties of the.casting are expected to be 70 % of the vhlues
from s¢parately cast test pieces for thicknesses of casting up to 20 mm.
NOTE|2 1 N/mm?is equivalent to 1 MPa.
& Thg values are for guidance only.
Table 4 — Mechanical properties of permanent mould cast magnesium alloys
Temper Tensile 0,2 % Elongation Brinell
Material designation dezlc?:a- strength |y 00f stress hardness
Alloy gfoup Rm R0z A HB a
In accordance with {|_Jn accordance N/mm? N/mm? %
ISO 2092 with EN 1753 min. min. min.
F 160 90 2 b0 to 65
ISO-MgAI8Zn1 EN-MC21110
T4 240 90 8 b0 to 65
MgAJZn F 160 110 2 b5 to 70
ISO-MgAI9Zn1(A) EN-MC21120 T4 240 120 6 b5 to 70
T6 240 150 2 50 to 90
MgzZnCu 1ISO-MaZn6Cu3Mn EN-MC32110 16 195 125 2 p5 to 65
1ISO-MgZn4RE1Zr EN-MC35110 T5 210 135 3 55t0 70
MgZnREZr
ISO-MgRE3Zn2Zr EN-MC65120 T5 145 100 3 50 to 60
ISO-MgAg2RE2Zr EN-MC65210 T6 240 175 3 70 to 90
MgREAgQZr
ISO-MgRE2Ag1Zr EN-MC65220 T6 240 175 2 70 to 90
ISO-MgY5RE4Zr EN-MC95310 T6 250 170 2 80 to 90
MgYREZr
ISO-MgY4RE3Zr EN-MC95320 T6 220 170 2 75 to 90
NOTE 1 Values given are for separately cast test pieces. The properties of the casting are expected to be 70 % of the values
from separately cast test pieces for thicknesses of casting up to 20 mm.
NOTE 2 1 N/mm?is equivalent to 1 MPa.
& The values are for guidance only.
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Table 5 — Mechanical properties of pressure die cast magnesium alloys

Temper Tensile 0,2% Elongation Brinell
Material designation de;ig:a- strength proof stress hardness
Alloy group Rm Ryo.2 A HB
In accordance with | In accordance N/mm2 N/mm?2 %
ISO 2092 with EN 1753
MgAIZn ISO-MgAI8Zn1 EN-MC21110 F 200 to 250 140 to 160 lto 7 60 to 85
ISO-MgAI9Zn1(A) EN-MC21120 F 200 to 260 140 to 170 lto 6 65 to 85
ISO-MgAI2Mn EN-MC21210 F 150 to 220 80 to 100 810 18 40to 55
MgAIMn ISO-MgAI5SMn EN-MC21220 F 180 to 230 110 to 130 5to 15 50 to 65
ISO-MgAI6Mn EN-MC21230 F 190 to 250 120 to 150 4to14 5% to 70
. ISO-MgAI2Si EN-MC21310 F 170 to 230 110 to 130 4 ta 14 50 to 70
MgAISt ISO-MgAI4Si EN-MC21320 F 200 to 250 120 to 150 3)t0"12 5% to 80
NOTE 1 [The values given in this table are for guidance only, see 4.2.
NOTE 2 Values given are for separately cast test pieces of 20 mm? cross-sectional area and a mipimurh thickness of 2 mm.
NOTE 3 [L N/mm2is equivalent to 1 MPa.
4 Requirements
4.1 Chemjcal composition
The chemicgl composition of magnesium alloy ingots shall.conform to the requirements for the appropriate material
given in Table 1.

The chemica
material give

NOTE For ad

4.2 Mechanical properties of castings

The mechan

permanent npould castings shall'meet the requirements given in Tables 3 and 4. As appropriate, the tes

carried out in

NOTE 1 M
not specified 8

~

g

| composition of magnesium alloy .castings shall conform to the requirements for the
hin Table 2.

ditional information regarding the-manganese and iron contents see annex B.

cal properties obtained from test pieces prepared from separately cast samples for sand c4g
accordance with clause 7.

bchanicalproperties obtained from test pieces prepared from separately cast samples for investment
s expé&rience is limited. As a general rule they are similar to those for permanent mould castings.

NOTE2  Th

ppropriate

stings and
s shall be

astings are

e values obtained from test pieces cut from castings can differ from the minimum values specified i

because of variation in structure arising from differences in section thickness and soundness.

NOTE 3

N the tables

The mechanical properties obtained from test pieces prepared from separately cast samples, especially for pressure

die castings, are very dependent upon injection and process parameters; therefore, the properties given in Table 5 are for

guidance only.

The Brinell hardness test shall be carried out on sound areas of castings or on a test piece which has not been

stressed.

4.3 Frequency of testing

The frequency of testing shall be in accordance with EN 1559-5.
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ISO 16220:2000(E)

4.4 General condition of the product
The product shall have a clean surface according to agreement between the manufacturer and the purchaser, and

shall be commercially free from visible and internal defects to a standard also agreed upon between the
manufacturer and the purchaser.

5 Sampling

Conditions for sampling, formation of batches and frequency of verification shall be as specified in EN 1559-5.

6 Test|pieces for mechanical properties

6.1 Dedign

D
-

The desigh of test pieces shall be subject to an agreement between the manufacturer and the purchas
6.2 Test pieces obtained from separately cast samples

6.2.1 Sand cast samples
Test piecgs may be in the machined or unmachined condition.

The followjng conditions shall apply:
— samples shall be cast in sand moulds and without artificial chilling;
— the mjnimum diameter of the test piece shall be 2 mm;

— the gauge length and the parallel length shall;be in accordance with ISO 6892.
6.2.2 Permanent mould cast samples
Test piecgs may be in the machined-or-unmachined condition.

The followmjng conditions shall appty:
— the mjnimum diameter of'the test piece shall be 12 mm;

— the gauge length and parallel length shall be in accordance with ISO 6892.

6.2.3 Pressureddie cast samples

The follo aLe) conditiornshatt appiy.

— the surface of the test pieces shall be as-cast.

6.2.4 Investment cast samples
Test pieces may be in the machined or unmachined condition.

The following conditions shall apply:
— the minimum diameter of the test piece shall be 5 mm;

— the gauge length and parallel length shall be in accordance with ISO 6892.
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6.3 Testp

ieces cut from castings

The geometry and location of test pieces cut from castings shall be specified by agreement between the
manufacturer and the purchaser.

When it is agreed between the manufacturer and the purchaser to use circular cross-section test pieces, the
minimum diameter shall be 4 mm.

7 Test methods

7.1 Tensil

Tensile tests

7.2 Brinel
Brinell hardn

NOTE A
diameter may

8 Retest

Retests shal

9 Round

The number
same numb¢
numbers sh3
the discretio
order.

P test

shall be carried out in accordance with ISO 6892.

hardness test
bss tests shall be carried out in accordance with ISO 6506.

5 mm ball diameter is recommended. By agreement between the manufagtirer and the purchaser a
be used for thin wall castings.

\"ZJ

be carried out in accordance with EN 1559-5.

ng of results

representing the result for any value.specified in this International Standard shall be expres
br of decimal places as the corrésponding number in this International Standard. The r
Il meet the requirements of 1SQ_31-0:1992, annex B, clause B.3, rule A or B. The choice sh
h of the manufacturer, unlesSithe use of one of the rules is agreed by the time of acceptg

smaller ball

sed to the
unding of
Il be left to
nce of the
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Annex A
(informative)

List of European, national and former national European
designations corresponding, but not necessarily identical to the
ISO designation

Mflterial designation List of corresponding designations
CEN (in accordance with prEN 1754) |USA Germany United Kingdom Franc
1nlaccordance with Previous BS Previous
1SO 2092 Symbol Number ASTM DIN cqmmqn cqmmqn NF
designation designation
1ISO-MgAI8Zn1 EN-MCMgAI8Zn1 EN-MC21110 | AZ 81 MgAI8Zn1 AZ 81 MAG 1 A8 G{A8z
SO-MgAI9Zn(A) EN-MCMgAI9Zn1(A) | EN-MC21120 | AZ 91 MgAI9Zn1 AZ 91 MAG7| C,AZ91 | G-pozi
SO-MgAI9Zn(B) EN-MCMgAI9Zn1(B) | EN-MC21121 | — — Az 91 — AZ 91 =
1ISO-MgAI2Mn EN-MCMgAI2Mn EN-MC21210 — — AM 20 — — —
ISO-MgAI5SMn EN-MCMgAI5Mn EN-MC21220 — — AM 50 — — —
ISO-MgAI6Mn EN-MCMgAI6Mn EN-MC21230 | AM 60 —< AM 60 — — —
1ISO-MgAI2Si EN-MCMQgAI2Si EN-MC21310 — —a AS 21 — — —
1ISO-MgAI4Si EN-MCMgAI4Si EN-MC21320 | AS 41 MgAl4Si1 AS 41 — — G-p4S1
1$0-MgZn6Cu3Mn | EN-MCMgZn6Cu3Mn | EN-MC32110 | ZC68 — — — ZC 63 —
IBO-MgZn4RE1Zr EN-MCMgZn4RE1Zr | EN-MC35110, { ZE 41 | MgZn4SE1Zr1 RZ5 MAG 5 RZ5 G-Y4TR
IBO-MgRE3Zn2Zr EN-MCMgRE3Zn2Zr | EN-MC65120 | EZ 33 | MgSE3Zn2Zrl ZRE1 MAG 6 ZRE1 G-T|R3Z2
IBO-MgAg2RE2Zr | EN-MCMgRE2Ag2Zr | ENEMEB5210 | QE 22 | MgAg3SE2Zr1 MSR MAG 12 MSR G-pg2,5
IBO-MgRE2Ag1Zr EN-MCMgRE2Ag1Zr ‘NEN-MC65220 | EQ 2 — — MAG 13 EQ 21 —
SO-MgY5RE4Zr EN-MCMgY5RE4Zr EN-MC95310 | WE 54 — — MAG 14 WE 54 —
SO-MgY4RE3Zr EN-MCMg¥Y4RE3Zr EN-MC95320 | WE 43 — — — WE 43 —
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Annex B
(informative)

Additional information regarding the manganese and iron content

Manganese is added to aluminium-containing magnesium alloys in order to reduce the solubility of iron in the liquid
condition to values below the specified maximum content of 0,004 % in the ingots. The necessary content of
manganese needed for this purpose depends on the solubility of manganese in the liquid condition at the chosen

casting temy
required. It is

erature of the specific alloy. At higher casting temperatures, a higher amount of marlganese is

advisable however, to keep the manganese content low.

Magnesium Jalloys are normally processed in equipment made of iron and steel and therefore the casting
temperature pf the ingots should ideally be chosen to match the temperature in the final casting process|in order to
achieve the equired composition. Use of higher temperatures in the final casting process_ecan lead to enrjchment of
the iron contgnt in the melt, whereas lower temperatures force precipitation of manganese-containing patrticles.

10
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