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Foreword

This European Standard has been prepared by
Technical Committee CEN/TC 190, Foundry technology,
the secretariat of which is held by DIN.

Within its programme of work, Technical Committee
CEN/TC 190 requested CEN/TC 190/WG 3.10, Cast
magnesium, to prepare the following standard:

EN 12438, Magnesium and magnesium alloys Ð
Magnesium alloys for cast anodes.

This European Standard shall be given the status of a
national standard, either by publication of an identical
text or by endorsement, at the latest by October 1998,
and conflicting national standards shall be withdrawn
at the latest by October 1998.

According to the CEN/CENELEC Internal Regulations,
the national standards organizations of the following
countries are bound to implement this European
standard: Austria, Belgium, Czech Republic, Denmark,
Finland, France, Germany, Greece, Iceland, Ireland,
Italy, Luxembourg, Netherlands, Norway, Portugal,
Spain, Sweden, Switzerland and the United Kingdom.
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Introduction
This European Standard classifies the commercially
available magnesium anode alloys into a number of
grades suitable for the applications to which they
might be put. The annexes A and B describe methods
for electrochemical tests with corresponding
recommended values. Annex C gives a list of
corresponding international designations and former
national designations.

1 Scope
This European Standard specifies the chemical
composition of magnesium alloy ingots for anodes and
chemical composition of magnesium alloy anode
castings.

2 Normative references
This European Standard incorporates, by dated or
undated reference, provisions from other publications.
These normative references are cited at the
appropriate places in the text and the publications are
listed hereafter. For dated references, subsequent
amendments to or revisions of any of these
publications apply to this European Standard only
when incorporated in it by amendment or revision. For
undated references, the latest edition of the publication
referred to applies.

EN 1559-1, Founding Ð Technical conditions of
delivery Ð Part 1: General.

EN 1559-5, Founding Ð Technical conditions of
delivery Ð Part 5: Additional requirements for
magnesium alloy castings.

ISO 31-0:1992, Quantities and units Ð Part 0: General
principles.

NOTE Informative references to documents used in the
preparation of this standard, and cited at the appropriate places in
the text, are listed in a bibliography, see annex D.

3 Designations

3.1 Material

The material shall be designated either by symbol or
by number (see Tables 1 and 2).

3.2 Casting process

The following symbols shall be used for the different
casting processes:

Ð S, sand casting;

Ð K, permanent mould casting (gravity);

Ð C, continuous casting.

4 Requirements

4.1 General

The requirements for technical delivery conditions
given in EN 1559-1 and EN 1559-5 shall apply.

4.2 Chemical composition

The chemical composition of magnesium based alloy
ingots for anodes shall conform to the requirements for
the appropriate material given in Table 1. The chemical
composition of magnesium based alloy anode castings
shall conform to the requirements for the appropriate
material given in Table 2.

5 Testing

5.1 Analysis of chemical composition

Sufficient samples shall be taken by the manufacturer
to assure conformance to the chemical composition
requirements of the alloys in Tables 1 and 2. Samples
shall be taken from the molten metal at the time of
casting. Samples shall be representative of the material
delivered.

5.2 Electrochemical testing

If applicable, electrochemical testing shall be carried
out in accordance with annexes A and B.

6 Rounding of numbers
In recording chemical analysis, the number
representing the result for any value specified in this
standard shall be expressed to the same number of
decimal places as the corresponding number in this
standard. The rounding of numbers shall meet the
requirements of ISO 31-0:1992, annex B, clause B.3,
rule A or B. The choice shall be left to the discretion of
the manufacturer, unless the use of one of the rules is
agreed by the time of acceptance of the order.
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1
2
3
4
5
6

measuring electrode (test piece)
reference electrode
counter electrode
Haber-Luggin capillary tube
measuring amplifier
voltmeter

7
8
9

10
11
12

amperemeter
thermometer
return condenser
current I, constant
Measuring cell
Reference cell

Figure A.1 Ð Apparatus for testing the electrode potential of galvanic anodes

Annex A (normative)

Test method for the determination of
the electrode potential of galvanic
anodes

A.1 Test pieces

Test pieces shall be sections of the anodes where the
core is removed.

Before starting the test, the test pieces shall be
degreased with a solvent (e.g. xylol), then be cleaned
in running tap water with a plastic brush, then be
washed with ethanol and then be dried in air at room
temperature.

A.2 Test apparatus

The test shall be carried out with the apparatus shown
schematically in Figure A.1.

A.3 Test solution

The test solution shall be a sodium chloride solution of
concentration 0,0010 mol NaCl/l de-ionized water.

A.4 Electrical connection

A galvanostatical polarization connection shall be used.

A.5 Test procedure

Four single measurements shall be made on four
different test pieces.

After putting the test piece into a measuring cell filled
with sodium chloride solution, the temperature of the
electrolyte solution shall be adjusted to (60 ± 3) 8C.

The reference electrode (e.g. a saturated calomel
electrode) shall be connected to the measuring cell by
means of an electrolyte bridge and a Haber-Luggin
capillary tube.

The capillary tube shall be moved towards, and located
as near as possible to the test piece surface and this
distance should not be more than twice the outside
diameter of the capillary tube.

Application of the current is galvanostatically effected
by using a galvanostat or a 12 V battery.

After 24 h test the potential of electrodes shall be read
from the voltmeter.

The four single values and the mean value, each
related to the standard hydrogen electrode, shall be
given in the test report.
NOTE With a current density of (50 ± 1) mA/cm2 in a sodium
chloride solution of concentration 0,0010 mol NaCl/l water at
(60 ± 3) 8C an average of the electrode potential of the anodes
more negative than UH = 20,9 V is recommended. This is to make
sure that there is no passivation of the anode in low conductivity
electrolytes.
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Annex B (normative)

Test method for the determination of the
rate of mass loss of galvanic anodes

B.1 Test pieces

Test pieces shall be sections of the anodes where the
steel core is removed. The test piece surface area
exposed to the test solution should be about 30 cm2.
Both end surfaces shall be covered by a suitable test
piece support (see Figure B.1).

Before starting the test, the test pieces shall be
degreased with a solvent, then be cleaned in running
tap water with a plastic brush, then be washed with
ethanol and then be dried in air at room temperature.

1
2
3
4
5

Sealing gasket
Platinum counter electrode
Magnesium anode
Metallic contact by helical spring
Threaded steel rod

Figure B.1 Ð Test piece support for the
measurement of the mass loss rate

B.2 Test apparatus

The test shall be carried out with the apparatus shown
schematically in Figure B.2. A suitable test piece
support is shown in Figure B.1.

B.3 Test solution

The test solution shall be a sodium chloride solution of
concentration 0,01 mol NaCl/l de-ionized water.

B.4 Electrical connection

A galvanostatical polarization connection shall be used.

B.5 Test procedure

Four single measurements shall be made on four
different test pieces.

After putting the test piece into a measuring cell filled
with sodium chloride solution, the temperature of the
electrolyte solution shall be adjusted to (60 ± 3) 8C.
Apply galvanostatically a current of 50 mA per square
centimetre of the anode test piece surface. The
determination of the mass loss is based on the volume
of the formed hydrogen. At the beginning of the test
the level of sealing liquid in the gas burette shall be
adjusted to the upper mark and the tap shall be closed.
After 24 h the tap shall be opened again. The level shall
be once more adjusted to the upper mark and the tap
shall be closed. Atmospheric pressure and test
temperature shall be noted. After 24 h the volume of
the formed hydrogen, atmospheric pressure and room
temperature at the end of the test shall be noted.

B.6 Evaluation

The volume of the formed hydrogen shall be reduced
according to equation (1) to normal conditions.

(1)V0 =
T0

p0

 2
(Vt0 + DV)p2

T2

Vt0 p1

T1


where:

V0 is the volume of the formed hydrogen under
normal conditions, given in litres;

Vt0 is the dead volume as shown in Figure B.2,
given in millilitres;

DV is the volume of the formed hydrogen, given
in millilitres;

p0 is 1013 hPa;

p1 is the atmospheric pressure at the beginning
of the test, given in hectopascals;

p2 is the atmospheric pressure at the end of the
test, given in hectopascals;

T1 is the temperature at the beginning of the
test, given in kelvins;

T2 is the temperature at the end of the test,
given in kelvins;

T0 is 273 K.
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1 Vt0 dead volume

Figure B.2 Ð Apparatus for the determination of the mass loss of
galvanic anodes by measuring the formation of hydrogen

The mass loss rate n related to the surface is a result
of equation (2).

(2)n =
V0 MMg 3 21,4

A t ZMg

where:

n is the mass loss rate related to surface, given
in grams per square metre per day;

V0 is the volume of hydrogen under normal
conditions, given in litres;

MMg is the mol mass of magnesium = 24,312 g/mol;

21,4 is a calculation factor;

A is the test surface area of the anodes, given
in square centimetres;

t is the duration of the test, given in hours;

ZMg is the magnesium valence = 2.

NOTE The mass loss rate gives an indication of the anode
quality and life time. To be sure to have a sufficient anode alloy in
sodium chloride solution of concentration 0,01 mol NaCl/l water at
(60 ± 3) 8C, a mass loss rate not greater than 30g/m2 per day is
recommended.
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Table C.1

Material designation List of corresponding designations

Symbol Number USA Germany

ASTM non-standardized
common designation

previous common
designation

EN±MAMgAl3Zn1 EN±MA21130 AZ 31 MgAl3Zn1 AZ 31

EN±MAMgAl6Zn1 EN±MA21140 AZ 61 MgAl6Zn1 AZ 61

EN±MAMgAl6Zn3 EN±MA21150 AZ 63 MgAl6Zn3 AZ 63

EN±MAMgMn1 EN±MA40010 M 1 MgMn1 M 1

EN±MAMgMn2 EN±MA40020 M 2 MgMn2 M 2

Annex C (informative)

List of corresponding international
designations and former national
designations
Table C.1 is a list of corresponding international
designations and former national designations.

Annex D (informative)

Bibliography
In the preparation of this European Standard, use was
made of a document for reference purposes. This
informative reference is cited at the appropriate place
in the text and the publication is listed hereafter.

EN 1754, Magnesium and magnesium alloys Ð
Magnesium and magnesium alloy anodes, ingots and
castings Ð Designation system.
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Revisions
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British Standard would inform the Secretary of the technical committee responsible,
the identity of which can be found on the inside front cover. Tel: 020 8996 9000.
Fax: 020 8996 7400.

BSI offers members an individual updating service called PLUS which ensures that
subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI, international and foreign standards publications should be
addressed to Customer Services. Tel: 020 8996 9001. Fax: 020 8996 7001.

In response to orders for international standards, it is BSI policy to supply the BSI
implementation of those that have been published as British Standards, unless
otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and international
standards through its Library and its Technical Help to Exporters Service. Various
BSI electronic information services are also available which give details on all its
products and services. Contact the Information Centre. Tel: 020 8996 7111.
Fax: 020 8996 7048.
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these and other benefits contact Membership Administration. Tel: 020 8996 7002.
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Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the UK, of
the publications of the international standardization bodies. Except as permitted
under the Copyright, Designs and Patents Act 1988 no extract may be reproduced,
stored in a retrieval system or transmitted in any form or by any means ± electronic,
photocopying, recording or otherwise ± without prior written permission from BSI.

This does not preclude the free use, in the course of implementing the standard, of
necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

If permission is granted, the terms may include royalty payments or a licensing
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