
 

__________________________________________________________________________________________________________________________________________ 

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely 
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.” 

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and 
suggestions. 

Copyright © 2018 SAE International 

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
recording, or otherwise, without the prior written permission of SAE. 

TO PLACE A DOCUMENT ORDER: Tel:        877-606-7323 (inside USA and Canada) 
 Tel:        +1 724-776-4970 (outside USA) 
 Fax:       724-776-0790 
 Email:    CustomerService@sae.org 
SAE WEB ADDRESS: http://www.sae.org 

 SAE values your input. To provide feedback on this 
 Technical Report, please visit 
 http://standards.sae.org/J465_201801 

 

SURFACE VEHICLE 

STANDARD 

 

J465™ JAN2018 

Issued 1940-01 
Reaffirmed 1989-01 
Stabilized 2018-01 
 
Superseding J465 JAN1989 

Magnesium Casting Alloys 

RATIONALE 

The technical report covers technology, products, or processes which are mature and not likely to change in the foreseeable 
future.   

STABILIZED NOTICE 

This document has been declared "Stabilized" by the SAE Metals Technical Executive Steering Committee and will no 
longer be subjected to periodic reviews for currency. Users are responsible for verifying references and continued suitability 
of technical requirements. Newer technology may exist. 

 

Full document details: SAE J465_201801

http://standards.sae.org/
http://www.avadocuments.com/doc/sae-j465-201801
http://www.avadocuments.com/doc/sae-j465-201801


1. Scope—This document has not changed other than to put it into the new SAE Technical Standards Board
Format

This SAE Standard covers the most commonly used magnesium alloys suitable for casting by the various
commercial processes.  The chemical composition limits and minimum mechanical properties are shown.
Over the years, magnesium alloys have been identified by many numbering systems, as shown in Table 1.
Presently, SAE is recommending the use of the use of the UNS numbering system to identify those materials.
Other equally important characteristics such as surface finish and dimensional tolerances are not covered in
this standard.

1.1 Sources of Magnesium—Sources of Magnesium—Magnesium is the third most abundant structural element
in the earth's crust, and considered inexhaustible.  Common sources are sea water, natural brines, magnesite,
and dolomite.  Three methods of extraction are used in the United States.  One method involves treating sea
water with a source of alkalinity to precipitate the magnesium as hydroxide, mixing with hydrochloric acid to
produce hydrated magnesium chloride, and then partially drying.  The hydrous magnesium chloride is reduced
electrolytically to produce magnesium metal and a mixture of chlorine and hydrochloric acid.  A second
method produces co-products magnesium metal and pure chlorine in the electrolytic cell by the reduction of
anhydrous magnesium chloride or by the chlorination of MgO.  The anhydrous cell feed results from the
complete dehydration of natural brines.  Another method of extraction, which is also used in the United States
and in other countries, is by thermal reduction of magnesium oxide by ferrosilicon.  Most of the magnesium
ingot sold is of 99.80% purity.  Grades of magnesium of 99.90, 99.95, and 99.98% purity are also available.
The higher purity grades are used mostly in nuclear applications and for reduction purposes.

 
 

_________________________________________________________________________________________________ SAE INTERNATIONAL J465™ JAN2018 Page 1 of 11

Full document details: SAE J465_201801

http://www.avadocuments.com/doc/sae-j465-201801
http://www.avadocuments.com/doc/sae-j465-201801


T
A

B
L

E
 1

—
P

H
Y

S
IC

A
L

 P
R

O
P

E
R

T
IE

S
 A

N
D

 C
H

A
R

A
C

T
E

R
IS

T
IC

S
 O

F
 M

A
G

N
E

S
IU

M
 S

A
N

D
-C

A
S

T
IN

G
 A

L
L

O
Y

S

A
llo

y 
D

es
ig

n
at

io
n

A
p

p
ro

xi
m

at
e 

M
el

ti
n

g
R

an
g

e,
 °

F
 (

°C
)

F
o

u
n

d
ry

 C
h

ar
ac

te
ri

st
ic

s(1
)

1.
R

at
in

g 
of

 1
 in

di
ca

te
s 

be
st

 o
f g

ro
up

; 3
 in

di
ca

te
s 

po
or

es
t o

f g
ro

up
.

C
as

t-
ab

ili
ty

O
th

er
 C

h
ar

ac
te

ri
st

ic
s

U
N

S

A
S

T
M

an
d

S
A

E
O

ld
S

A
E

N
o

n
-

E
q

u
ili

b
ri

u
m

S
o

lid
u

s(2
)

2.
A

s 
m

ea
su

re
d 

on
 m

et
al

 s
ol

id
ifi

ed
 u

nd
er

 n
or

m
al

 c
as

tin
g 

co
nd

iti
on

s.

S
o

lid
u

s
L

iq
u

id
u

s

P
at

te
rn

S
h

ri
n

ka
g

e
A

llo
w

an
ce

in
/f

t
(m

m
/m

)(3
)

3.
A

llo
w

an
ce

 fo
r 

av
er

ag
e 

ca
st

in
gs

.  
S

hr
in

ka
ge

 r
eq

ui
re

m
en

ts
 w

ill
 v

ar
y 

w
ith

 in
tr

ic
ac

y 
of

 d
es

ig
n 

an
d 

di
m

en
si

on
s.

  (
1 

in
/ft

 x
 8

.3
33

 =
 %

 S
hr

in
ka

ge
.)

P
re

ss
u

re
T

ig
h

tn
es

s
F

lu
id

it
y(4

)

4.
A

bi
lit

y 
of

 li
qu

id
 a

llo
y 

to
 fl

ow
 r

ea
di

ly
 in

 m
ol

d 
an

d 
fil

l t
hi

n 
se

ct
io

ns
.

M
ic

ro
-

p
o

ro
si

ty
T

en
d

en
cy

(5
)

5.
B

as
ed

 o
n 

ra
di

og
ra

ph
ic

 e
vi

de
nc

e.

N
o

rm
al

ly
H

ea
t

T
re

at
ed

M
ac

h
in

in
g

(6
)

6.
C

om
po

si
te

 r
at

in
g 

ba
se

d 
on

 e
as

e 
of

 c
ut

tin
g,

 c
hi

p 
ch

ar
ac

te
ris

tic
s,

 q
ua

lit
y 

of
 fi

ni
sh

, a
nd

 to
ol

 li
fe

.  
R

at
in

gs
, i

n 
th

e 
ca

se
 o

f h
ea

t-
tr

ea
ta

bl
e 

al
lo

ys
, b

as
ed

 o
n 

—
T

6 
ty

pe
 te

m
pe

r.
  O

th
er

 te
m

pe
rs

, p
ar

tic
ul

ar
ly

 th
e 

an
ne

al
ed

 te
m

-
pe

r,
 m

ay
 h

av
e 

lo
w

er
 r

at
in

gs
.

E
le

ct
ro

-
p

la
ti

n
g

(7
)

7.
A

bi
lit

y 
of

 c
as

tin
g 

to
 ta

ke
 a

nd
 h

ol
d 

an
 e

le
ct

ro
pl

at
e 

ap
pl

ie
d 

by
 p

re
se

nt
 s

ta
nd

ar
d 

m
et

ho
ds

.

S
u

rf
ac

e
Tr

ea
tm

en
t(8

)

8.
A

bi
lit

y 
of

 c
as

tin
gs

 to
 b

e 
cl

ea
ne

d 
in

 s
ta

nd
ar

d 
pi

ck
le

 s
ol

ut
io

ns
 a

nd
 to

 b
e 

co
nd

iti
on

ed
 fo

r 
be

st
 p

ai
nt

 a
dh

es
io

n.

S
u

it
-

ab
ili

ty
to

 
B

ra
zi

n
g

(9
)

9.
R

ef
er

s 
to

 s
ui

ta
bi

lit
y 

of
 a

llo
y 

to
 w

ith
st

an
d 

br
az

in
g 

te
m

pe
ra

tu
re

 w
ith

ou
t e

xc
es

si
ve

 d
is

to
rt

io
n 

or
 m

el
tin

g.

S
u

it
-a

b
ili

ty
to

 
W

el
d

in
g

(1
0)

10
.

B
as

ed
 o

n 
ab

ili
ty

 o
f m

at
er

ia
l t

o 
be

 fu
si

on
 w

el
de

d 
w

ith
 fi

lle
r 

ro
d 

of
 s

am
e 

al
lo

y.

M
10

10
0 

(1
1)

11
.

P
ro

pe
rt

ie
s 

ap
pl

ic
ab

le
 fo

r 
pe

rm
an

en
t m

ol
d 

an
d 

in
ve

st
m

en
t c

as
tin

gs
.

A
M

10
0A

50
2

81
0 

(4
32

)
86

7 
(4

64
)

11
00

 (
59

3)
5/

32
 (

13
.0

)
2

1
2

Ye
s

2
1

2
2

N
o

1

M
11

63
0

A
Z

63
A

 5
0

68
5 

(3
63

)
85

0 
(4

54
)

11
30

 (
61

0)
5/

32
 (

13
.0

)
3

1
3

Ye
s

3
1

1
1

N
o

3

M
11

81
0(1

1)
A

Z
81

A
50

5
79

0 
(4

21
)

88
2 

(4
72

)
11

15
 (

60
2)

5/
32

 (
13

.0
)

2
1

2
Ye

s
1

1
2

2
N

o
1

M
11

91
4(1

1)
A

Z
91

C
50

4
78

5 
(4

18
)

87
5 

(4
68

)
11

05
 (

59
6)

5/
32

 (
13

.0
)

2
1

2
Ye

s
1

1
2

2
N

o
2

M
11

92
0(1

1)
A

Z
92

A
50

0
77

0 
(4

10
)

83
0 

(4
43

)
11

00
 (

59
3)

5/
32

 (
13

.0
)

2
1

2
Ye

s
2

1
2

2
N

o
2

M
12

33
0(1

2)

12
.

P
ro

pe
rt

ie
s 

ap
pl

ic
ab

le
 fo

r 
pe

rm
an

en
t m

ol
d 

ca
st

in
gs

 a
ls

o.

E
Z

33
A

50
6

—
   

—
10

10
 (

54
3)

11
89

 (
64

3)
3/

16
 (

15
.5

)
1

2
1

Ye
s

1
1

1
1

N
o

1

M
13

31
0(1

1)
H

K
31

A
50

7
—

   
—

10
92

 (
58

9)
12

04
 (

65
1)

7/
32

 (
18

.0
)

1
2

1
Ye

s
1

1
1

1
—

(1
3)

13
.

In
ex

pe
rie

nc
e 

w
ith

 th
es

e 
al

lo
ys

 u
nd

er
 w

id
e 

pr
od

uc
tio

n 
co

nd
iti

on
s 

m
ak

es
 it

 u
nd

es
ira

bl
e 

to
 s

up
pl

y 
ra

tin
gs

 a
t t

hi
s 

tim
e.

1

M
13

32
0(1

1)
H

Z
32

A
—

—
   

—
10

26
 (

55
2)

11
98

 (
64

8)
3/

16
 (

15
.5

)
1

2
1

Ye
s

1
1

—
2

—
(1

3)
2

M
18

01
0 

(1
4)

14
.

P
ro

pe
rt

ie
s 

ap
pl

ic
ab

le
 fo

r 
in

ve
st

m
en

t c
as

tin
gs

 a
ls

o.

K
1A

—
—

   
—

—
   

—
12

05
 (

65
2)

3/
16

 (
15

.5
)

2
2

2
N

o
2

1
3

2
—

(1
3)

1

M
18

21
0

Q
H

21
A

—
—

   
—

10
04

 (
53

9)
11

84
 (

64
0)

3/
16

 (
15

.5
)

2
2

2
Ye

s
1

1
2

1
N

o
—

M
18

22
0(1

1)
Q

E
22

A
—

—
   

—
10

20
 (

54
9)

11
90

 (
64

3)
5/

32
 (

13
.0

)
2

2
2

Ye
s

1
1

2
1

—
(1

3)
1

M
16

41
0(1

4)
Z

E
41

A
—

—
   

—
95

0 
(5

10
)

11
84

 (
64

0)
3/

16
 (

15
.5

)
—

(1
3)

2
—

(1
3)

Ye
s

1
1

1
1

N
o

2

M
16

63
0(1

4)
Z

E
63

A
—

—
  —

51
0 

(2
66

)
95

0 
(5

10
)

3/
16

 (
15

.5
)

1
2

1
Ye

s
1

1
—

(1
3)

1
N

o
1

M
16

62
0

Z
H

62
A

50
8

—
   

—
—

   
—

11
69

 (
63

2)
5/

32
 (

13
.0

)
2

2
2

Ye
s

2
1

1
1

N
o

—
(1

3)

M
16

51
0

Z
K

51
A

50
9

—
   

—
10

20
 (

54
9)

11
85

 (
64

1)
5/

32
 (

13
.0

)
3

2
3

Ye
s

3
1

2
2

N
o

3

M
16

61
0

Z
K

61
A

51
3

—
   

—
98

5 
(5

29
)

11
75

 (
63

5)
53

2 
(1

3.
0)

3
2

3
Ye

s
3

1
2

1
N

o
3

 
 

_________________________________________________________________________________________________ SAE INTERNATIONAL J465™ JAN2018 Page 2 of 11

Fu
ll 

do
cu

m
en

t d
et

ai
ls

: S
A

E 
J4

65
_2

01
80

1

http://www.avadocuments.com/doc/sae-j465-201801
http://www.avadocuments.com/doc/sae-j465-201801


1.2 Castings—Magnesium alloys are cast by all casting methods, the most common being pressure die casting,
investment casting, sand casting, and permanent mold casting.  Many alloys are available for use as sand,
investment, and permanent mold castings to give the desired end use and production characteristics.  Most of
these are not suitable for use in the pressure die casting process.  Most of the alloys used for sand, investment,
and permanent mold castings may be heat treated to increase strength or improve stability.  Die castings, while
in the same composition range as some of the sand castings, are not heat treated because of undesirable
effects such as grain growth and blistering.  Magnesium alloy sand, investment, and permanent mold castings
are generally sold in the solution heat treated (T4) condition for best ductility.  Artificial aging after solution heat
treatment (T6) increases the yield strength considerably but decreases the ductility.  Many times an artificial
age (T5) from the as-cast condition (F) is sufficient to give the desired strength and stability.

1.3 Alloying Elements—Common alloying elements used in magnesium alloys are aluminum, manganese, rare
earths, silicon, silver, thorium, zinc, and zirconium.  Alloys are stronger than the pure metal, but have lower
electrical and thermal conductivities.  Certain of the alloys respond to heat treatment with an increase in
strength and hardness.  Most commercial alloys are stable at room temperature.  Certain alloying elements
such as the rare earths and thorium improve the high temperature strength of magnesium alloys.

1.4 Alloy Nomenclature—A designation system for magnesium alloys used commercially and described in ASTM
B 275, Recommended Practice for Codification of Light Metals and Alloys, Cast and Wrought, was adopted by
SAE in 1971.  The initial letters represent the major alloying elements with the following numerals representing
the nominal percent by weight of each element.  The final letter is assigned arbitrarily.

1.5 Temper Designation—The same temper designation system is used for both aluminum-base and
magnesium-base alloys.  It is described in detail under the aluminum alloy section of this book and in ASTM B
296, Recommended Practice for Temper Designation of Magnesium Alloys, Cast and Wrought.

1.6 Finishing and Coating—Bare magnesium is suitable for some applications.  Protective finishes may be
required to prevent tarnishing or for protection from corrosion in humid industrial or marine atmospheres.  It is
subject to galvanic attack when coupled to most other metals, and such connections should be adequately
protected if moisture will be present.  Magnesium can be finished by plating and painting for either protection or
decoration.

1.7 Testing—Magnesium alloys are tested like other metals using standard ASTM methods.  The tensile and
compressive yield strengths are defined as the stress at which the stress-strain curve deviates 0.2% from the
initial modulus line.

2. References

2.1 Applicable Publications—The following publications form a part of the specification to the extent specified
herein.  Unless otherwise indicated the lastest revision of SAE publications shall apply.

2.1.1 ASTM—Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM B 275—Recommended Practice for Codification of Light Metals and Alloys, Cast and Wrought
ASTM B 296—Recommended Practice for Temper Designation of Magnesium Alloys, Cast and Wrought
ASTM B 557—Method of Tension Testing Wrought and Cast Aluminum- and Magnesium-Alloy Products
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