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INTERNATIONAL STANDARD

ISO 1338-1977 (E)

Cast copper alloys — Composition and mechanical prop|erties

1 SCOPE AND FIELD OF APPLICATION

The Interngtional Standard specifies the composition of
cast ingots|and castings and the minimum mechanical
properties of castings of the following copper alloys :

— coppégr-zinc alloys (brasses),
— coppgr-aluminium alloys (aluminium bronzes),
— coppér-tin alloys (bronzes),

currently avpilable in commercial quantities.

2 COMPOSITION

The compoditions given in tables Tte 22 show the principal
elements. [|f the purchaser's_~requirements necessitate
different limits for certain, elements other than those
included in the alloy designation, these should be by
agreement.

Al elements shall be analysed in ingots. It is the
responsibilify of\the founder to ensure that the appropriate
compositior] limits apply to castings.

The properties of separately cast test bars used for sand and
permanent mould castings are for informatipn only until
test\bar designs have been standardized.

For continuous and centrifugal castings, the mechanical
properties should be fixed by agreement for seftions greater
than 50 mm.

4 TEST BARS

In the case of sand casting and permanent mould casting,
the test bars are cast separately. In the case ¢f continuous
casting, the test bars are taken from the casting and in the
case of centrifugal casting, they may be taken from the
casting.

The test bars may be tested either as cast or machined.

Cast test bars shall have diameters between 12 and 25 mm;
machined test bars shall have a finished dianjeter between

3 MECHANICAL PROPERTIES

The following mechanical properties of test bars included in
the tables are minimum values :

R, : the tensile strength, in newtons per square

millimetre;

Rp02‘ 0,2 % proof stress, in newtons per square
millimetre;

A : the elongation in per cent, calculated on the basis of
an initial gauge length L  given by the formula
L, = 5,65\/.§,' where S_ is the initial cross-section of
the gauge length of the test piece.

10 and 18 mm. In the latter case, a diameter of
14,0 £ 0,5 mm is recommended.

In the case of sand castings for alloys with a long freezing
range, for example copper-tin alloys {(gun metals,
phosphorus bronzes) and copper-lead-tin alloys (leaded
bronzes), a test bar fed at one or both ends is
recommended.

For other alloys, for example short freezing range alloys
like copper-aluminium alloys (aluminium bronzes) and
copper-zinc alloys (brasses), a test bar fed all along its
length is preferred.

NOTE — When special requirements are indicated “"by agreement”,
this means ‘“agreement between the supplier and purchaser”’.
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TABLE 1 — Cu Zn33 Pb2

Composition Minimum mechanical properties
% Process of
casting Rm Rpo.2
Ingots Castings N/mm2 N/mm?2 %
Cul 63,0 to 66,0 cul? 63,0 t0 67,0
Sand 180 70 12
Sn 1,5 max. Sn 1,5 max.
Pb 10t0238 Pb 1,010 3,0
Zn2) Remainder Zn2) Remainder
Fe 0,7 rhax. Fe 0,8 max.
Ni 1,0 rhax. Ni 1,0 max.
P 0,02 max. P 0,05 max.
Al 0,1 max. Al 0,1 max.
Mn 0,2 rpax. Mn 0,2 max.
Si 0,03 fax. Si 0,05 max.
1) including Ni.
2} The zinc contenft is determined by difference.
TABLE 2 — Cu Zn40 Pb
Composition Minimum mechanical properties
% Process of _— - -
casting RBm Rp0.2 A
Ingots Castings N/mm?2 N/mm?2 %
cul 58,0 {0 62,0 Cu?) 58,0 to 63,0
Sand 220 - 19
Sn 1,0 ax. Sn 1,0 max.
Pb 051925 Pb 05t25
Zn2) Remdinder Zn?2) Remainder {gMmanent mo_uld 280 120 14
or pressure die
Fe 0,7 max. Fe 0.8 max.
Ni 1,0 fax. Ni 1.0 max.
AI3) 021408 Al 0,210 08
Mn 0,6 fnax. Mn 0,5 “max.
Si 0,05 max. Si 0,05 max. l
1) Including Ni.
2} The zinc conter]t is determined(by difference.
3) For the ingots fo be used:for the manufacture of sand castings, the aluminium content shall be 0,06 % maximum by agreement.
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TABLE 3 — Cu 2n35 Al Fe Mn

Composition Minimum mechanical properties
% Process of
- casting Rm Rpo,2 A
Ingots Castings 1) N/mm?2 N/mm?2 %
Cu 57,0 to 65,0 Cu 57,0 t0 65,0
Sand 450 170 20
Sn 1,0 max. Sn 1,0 max.
Pb 0,5 max. Pb 0.5 max.
P t td
Zn2) Remainder Zn2) Remainder ermanent mou 475 200 18
or pressure die
Fe 05t02,0 Fe 05t02,0
Ni 3,0 max. Ni 3.0 max. Continuous
Al 051025 Al 05t025 or 475 200 18
Mn 0,110 3,0 Mn 0,110 3,0 centrifugal
Si 0,10 max. Si 0,10 max.
Sb+P+As |0,40 max. Sb+P+As 0,40 max.

1) The minimum percentage of « phase may be fixed by agreement.

2) The zinc ¢ontent is determined by difference.

TABLE 4 — Cu 2n26 Al4 Fe3 Mn3

Composition Minimum mechanical properties
% Process of
casting Rm Apo,2 A
Ingots Castings N/mm?2 N/mm?2 %
Cu 60,0 t0 66,0 Cu 60,0 to 66,0
Sand 600 300 18
Sn 0,20 max. Sn 0,20 max.
Pb 0,20 max. Pb 0,20 max. .
Continuous
ZnM) Remainder ZnM) Remainder or 600 300 18
Fe 1,510 4,0 Fe 1,510 4,0 centrifugal
Ni 3,0 max. j Ni 3,0 miax.
Al 25 t05,0 PAl 2,5)t0 5,0
Mn 15104,0 ' Mn 151040
Si 0,10 max. Si 0,10 max.

1) The zinc gontent is determined by difference.

TABLE 5 — Cu Zn25 Al6 Fe3 Mn3

Composition Minimum mechanical properties
% Process of
. . 2 R A
casting 77 PO, 2
Ingots Castings N/mm?2 N/mm?2 %
Cu 60,0 to 66,0 Cu 60,0 t0 66,0
Sand 725 400 10
Sn 0,20 max. Sn 0,20 max.
Pb 0,20 max. Pb 0,20 max. Continuous
Zn Remainder zZnM) Remainder or 740 400 10
Fe 2.0104,0 Fe 2,010 4,0 centrifugal
Ni 3,0 max. Ni 3,0 max.
Al 451070 Al 45t 7,0
Mn 15t040 Mn 1,6t04,0
Si 0,10 max. Si 0,10 max.

1) The zinc content is determined by difference.
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TABLE 6 — Cu AI9

Compaosition

Minimum mechanical properties

% Process of
casting Rm Ro0,2 A
Ingots Castings N/mm?2 N/mm?2 %
cut) 88,010 915 Ccut 88,0 t0 92,0
Permanent mould 450 — 15
Sn 0,20 max. Sn 0,30 max.
Pb 0,20 max. Pb 0,30 max.
Zn 0,40 max. Zn 0,50 max.
Fe 1,0 [max. Fe 1,2 max.
Ni 1,0 |max. Ni 1,0 max.
Al 8,210 10,2 Al 8,0to 105
Mn 0,50 max. Mn 0,50 max.
Si 0,10|max. Si 0,20 max.
Cu+Al > 99
1} Including Ni.
TABLE 7 — Cu AI10 Fe3
Composition Minimum mechanical properties
% Process of
casting Am Rpo,2 i
Ingots Castings N/mm?2 N/mm?2 b
Cu 83,0|t0 89,3 Cu 83,010 89,5
Sand 500 180 13
Sn 0,20|max. Sn 0,30 max.
Pb?) 0,10|max. P} 0,20 max.
Permanent/mould 550 200 15
Zn 0,40|max. Zn 0,40 max.
2) 2)
Fe 20ip 45 Fe 20105,0 Continuous
Ni 3,0 |max. Ni 3,0 max. or 550 200 15
Al 8,710 10,7 Al 8,510 11,0 centrifugal
Mn 1,0 |max. Mn 1,0 max.
Si 0,10| max. Si 0,20 max.
1) For welded assembilies, lead shall not exceed 0,02 %.
2) For permanenymould castings, theeminimum iron content may be reduced to 1,0 % by agreement.
TABLE 8 — Cu AI10 Fe5 Ni5
Composition Minimum mechanical properties
% Process of
- casting Rm Rpo,2 f
Ingots Castings N/mm?2 N/mm?2 6
Cu > 76,0 Cu > 76,0
Sand 600 250 10
Sn 0,10 max. Sn 0,20 max.
Pp1) 0,10 max. Pb1) 0,10 max. .
Centrifugal
Zn 0,50 max. Zn 0,50 max. or 680 280 12
Fe 3,5 1052 Fe 3,5105,5 continuous
Ni 35163 Ni 35t06,5
Al 8,2t0 10,7 Al 80t 11,0
Mn 3,0 max. Mn 3,0 max.
Si 0,08 max. Si 0,10 max.
Cu+ Fe+ Ni+Al+Mn CutfFe +Ni+ Al +Mn
> 99,2 - 99,2

1)

4

For weided assembilies, lead shall not exceed 0,02 %.
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TABLE 9 — Cu Sn12

1SO 1338-1977 (E)

Composition Minimum mechanical properties
% Process of
casting Rm Rpo,2 A
Ingots Castings N/mm?2 N/mm?2 %
Ccut 85,5 to 88,3 cul 85,0 t0 88,5
Sand 240 130 |7
Sn 10,7 10 13,0 Sn 10,5 t0 13,0 } g%
Pb 0,8 max. Pb 1,0 max.
Permanent mould 270 150 | 5
Zn 2,0 max. Zn 2,0 max. 38
2) 2)
Fe 0,15 max. Fe 0,25 max. Centrifugal
Ni 1,8 max. Ni 2,0 max. or 270 1507) j 56)
sb 0,2 max. Sb 0,2 max. continuous '3
p3) 0,05 max. p4)5) 0,05 10 0,40
Al 0,01 max. Al 0,01 max.
Mn 0,2 max. Mn 0,2 max.
Si 0,01 max. Si 0,01 max. ‘
S 0,05 max. S 0,056 max.
1) Including|Ni.
2} Fe : 0,05 Po max. in special cases (susceptibility to magnetism).
3) This contgnt may be increased to 0,40 % by agreement with the founder.
4) The phosphorus content shall be fixed by agreement.
5) For centrifugal and continuous castings, the phosphorus content may be increased to a maximum of 1,5 % by agreement.
6) The loweq values for elongation apply to P > 0,10 %.
7} The value|given is for information only, unless specified by the purchaser.
TABLE 10 — Cu Sn12 Ni2
Composition Minimum mechanical properties
% Process of
—_— casting Rm Rpo,2 A
irlgots Castings N/mm?2 N/mm?2 %
Cu 84,5 to 87,3 Cu 84,5 10875
Sand 280 160 12
Sn5) 11,210 13,0 Snb’ 11,0 10 13,0
Pb 0,2 max. Pb 0,3 max.
Centrifugal 300 1806) 8
Zn 0,4 max. Zn 0,4 max.
Fel) 0,15/max; Fet) 0,20 max.
Continuous 300 1806) 10
Ni 15710 2,0 Ni 1,5t025
Sb 0,1 max. Sb 0,1 max.
p2) 0,05 max. p314) 0,05 to 0,40
Al 0,01 max. Al 0,01 max.
Mn 0,2 max. Mn 0,2 max.
Si 0,01 max. Si 0,01 max.
S 0,05 max. S 0,05 max.
1) Fe : 0,05 % max. in special cases (susceptibility to magnetism).
2) This content may be increased to 0,40 % by agreement with the founder.
3) The phosphorus content shall be fixed by agreement.
4) For centrifugal and continuous castings, the phosphorus content may be increased to a maximum of 1,5 % by agreement.
5) For thin-walled continuous castings, the tin content may be reduced to 10,5 % by agreement.
6) The values given are for information only, unless specified by the purchaser.
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TABLE 11 — Cu Sn12 Pb2

Composition Minimum mechanical properties
% Process of
casting Rm Rpo,2 A
ingots Castings N/mm?2 N/mm?2 %
cul) 84,010 87,3 cul) 84,0 10875
. Sand 240 130 i 7
Sn7) 11,210 13,0 Sn7) 11,010 13,0 \ 59
Pb 1,0102,0 Pb 1,0t025
Centrifugal 280 ! 1508} ; 5
Zn 2,0 max. zn 2,0 max. : :
Fe2) 0,15 Mmax. Fe2) 0,20 max. i ‘
Continuous 280 : 1508) 7
Ni 2,0 max. Ni 2,0 max. |
Sb 0,2 max. Sb 0,2 max.
p3) 0,05 fax. pa) s 0,05 to0 0,40 i
i {
Al 0,01 max. Al 0,01 max. | f
Mn 0,2 max. Mn 0,2 max. }
Si 0,01 max. Si 0,01 max.
S 0,05 max. S 0,05 max. ]
1) Including Ni.
2) Fe : 0,05 % maX. in special cases (susceptibility to magnetism).
3) This content mdy be increased to 0,40 % by agreement with the founder.
4) The phosphorus|content shall be fixed by agreement.
5} For centrifugal and continuous castings, the phosphorus content may be increased“to a maximum of 1,5 % by agreement.
6) The lower value|for elongation applies to P > 0,10 %.
7) For thin-walled fontinuous castings, the tin content may be reduced to 10,5 % by agreement.
8) The values giver| are for information only, unless specified by the purchaser.
JABLE 12 — Cu Sn10
Composition Minimum mechanical properties
% Process of - -
— casting Rm Rpo,2 A
Ingots Castings N/mm?2 N/mm?2 %
Cul) 88,010 90,8 cul? 88,01091,0
Sand 240 130 12
Sn 92td 11,0 Sn 9.0t0 11,0 \ 15
Pb 1,0 mnax. Pb 1,0 max.
Zn 0,5 max. Zn 0,5 max.
Fe2) 0,15 fnax- Fe2! 0,20 max.
Ni 2.0 max INF 2.0 ma
Sb 0,2 max. Sb 0,2 max.
p3) 0,05 max. p4) 0,20 max.
Al 0,01 max. Al 0,01 max.
Mn 0,2 max. Mn 0,2 max.
Si 0,01 max. Si 0,01 max.
S 0,05 max. S 0,05 max.
1) Including Ni.
2) Fe : 0,05 max. in special cases {susceptibility to magnetism).
3) This content may be increased to 0,40 % by agreement with the founder.
4) The phosphorus content shall be fixed by agreement.
5) The lower value for elongation applies to P > 0,10 %.
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TABLE 13 — Cu Sn10 P

Composition Minimum mechanical properties
% Process of
casting R Rpo,2 A
Ingots Castings N/mm?2 N/mm?2 %
Cu 87,010 89,3 Cu 7 t0 89,56
8\ Sand 220 130 3
Sn 10,210 11,5 Sn 10,0t0 11,5
Pb 0,25 max. Pb 0,25 max.
Permanent mould 310 170 2
Zn 0,05 max. Zn 0,05 max.
Fe o-rmax- e B-3-0-rrrae
Continuous 360 1701} 6
Ni D,10 max. Ni 0,10 max.
P 0,601t0 1,0 P 050t01,0
Centrifugal 330 1701) 4
Al 0,01 max. Al 0,01 max.
Si 0,02 max. Si 0,02 max.
Sb D,05 max. Sb 0,05 max.
Mn D,05 max. Mn 0,05 max.
S D,05 max. S 0,05 max.

1} The value} given are for information only, unless specified by the purchaser.

TABLE 14 — Cu Sn11 P

Composition Minimum mechanical properties
% Process of
—— casting Rm Rpo,2 A
Ingots Castings N/mm?2 N/mm?2 %
Cul} 86,010 89,56 cul 86,0t0 89,5
Sand 220 - 3
Sn 10,2 10 12,0 Sn 10,0 t0 12,0
Pb 0,5 max. Pb 0,5 max.
Permanent mould 270 — 2
Zn 0,5 max. Zn 0,5 max.
Fe2) 0,10 max. Fe2) 0,10 max.
Continuous 320 - 6
Ni 0,2 max. Ni 0,2 max.
P 02510 1,5 p3) 0.15t0 1,5 !
Centrifugal 300 - ! 4
Al 0,01 max. Al 0,01 max. l
Si 0,02 max. Si 0,02 max. I

1) Inciuding|Ni.
2) Fe : 0,05 % max. in.special cases (susceptibility to magnetism).

3) The phosphords content shall be fixed by agreement.
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TABLE 15 — Cu Pb9 Sn5

Composition Minimum mechanical properties
% Process of
casting Rm Rp0,23) A
Ingots Castings N/mm?2 N/mm?2 %
cul 80,0 10 87.0 Cul 80,0 to 87,0
Sand 160 60 7
Sn 4,2106,0 Sn 4,01t06,0
Pb 8,510 10,0 Pb 8,0t0 10,0
Permanent mould 200 80 5
Zn 2,0 max. Zn 2,0 max.
Fe 0,15 max. Fe 0,25 max.
Centrifugal 220 803) 6
Ni 2,0 max. Ni 2,0 max.
Sb 0,5 pmax. Sb 0,5 max.
Continuous 230 1303) 9
P 0,05 max. P2) 0,10 max.
Al 0,01 max. Al 0,01 max.
Mn 0,2 max Mn 0,2 max.
Si 0,01 hax. Si 0,01 max.
s 0,10 max. S 0,10 max.
1) Including Ni. ‘
2) For continuous|casting, the phosphorus content may be increased to a maximum of 1,5% by agreement.
3) The values given are for information only, unless specified by the purchaser.
TABLE 16 — Cu Pb10'Sn10
Composition Minimum mechanical properties
% Process of
tasting Rm Rpo,2 A
Ingots Castings N/mm?2 N/mm?2 o
Cul 78010810 Cul) 78,0 to 82,0 i
Sand 180 80
Sn 9,21t9 11,0 Sn 9,0 10110
Pb 851t9 105 Pb 80t 11,0 Permanent mould 220 140 3
Zn 2,0 max. Zn 2,0 max.
Fe 0,15 max. Fe 0,25 max. Centrifugal )
3
Ni 2,0 max. Ni 2,0 max. 9r 220 110 6
continuous
Sb 0,5 max. Sb 0,5 max.
P 0,05 ax P2) 0,05 max.
Al 0,01 max’ Al 0,01 max.
Mn 0,2 Mmax< Mn 0,2 max.
Si 0,01 max. Si 0,01 max.
S 0,10 max. S 0,10 max.

1) Including Ni.

2) For continuous casting, the phosphorus content may be increased to a maximum of 1,5 % by agreement.

3) The value given is for information only, unless specified by the purchaser.
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TABLE 17 — Cu Pb15 Sn8

Composition Minimum mechanical properties
% Process of
casting Rm Rpo,2 A
Ingots Castings N/mm?2 N/mm?2 %
cuM) 75,0t0 78,5 Cul) 75,0 to 79,0
Sand 170 80 5
Sn 721090 Sn 7,0t 9,0
Pb 13,5t0 16,5 Pb 13,010 17,0 Centrifugal
Zn 2,0 max. Zn 2,0 max. or 220 1003) 8
Fe 0,15 max. Fe 0,25 max. continuous
Ni 2,0 max. Ni 2,0 max.
Sb 0,5 max. Sb 0,5 max.
P 0,05 max. p2) 0,10 max.
Al 0,01 max. Al 0,01 max.
Mn 0,2 max. Mn 0,2 max.
Si 0,01 max. Si 0,01 max.
S 0,10 max. S 0,10 max.
1) Including|Ni.
2} For contipuous casting, the phosphorus content may be increased to a maximum of. 1,5 % by agreement.
3) The value|given is for information only, unless specified by the purchaser.
TABLE 18 —Cu/Pb20 Sn5
Composition Minimum mechanical propertie$
% Process of
casting Rm Rpo,2 A
ingots Castings N/mm2 N/mm?2 %
cuM 70,0 t0 77,5 Cut! 70,0 to178,0
Sand 150 60 5
Sn 401t06,0 Sn 4,016,6,0
Pb 19,0 to 23,0 Pb 18,0 t0 23,0
Continuous 180 803) 7
Zn 2,0 max. Zn 2,0 max.
Fe 0,15 max. Fe 0,25 max.
Ni 2,5 max. Ni 2,5 max.
Sb 0,75 max. Sb 0,75 max.
P 0,05 max. p2) 0,10 max.
Al 0,01 max® Al 0,01 max.
Mn 02 max. . Mn 0,2 max.
Si Y —— - 8,84 -rva
S 0,10 max. S 0,10 max.

1) Including Ni.
2) For continuous casting, the phosphorus content may be increased to a maximum of 1,5 % by agreement.

3) The value given is for information only, unless specified by the purchaser.
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TABLE 19 — Cu Sn8 Pb2

Composition

Minimum mechanical properties

% Process of
casting Rm Rpo,2 A
Ingots Castings N/mm?2 N/mm?2 %
Cul 82,0 t0 90,0 cul) 82,010 91,0
Sand 250 130 16
Sn 6,21t09,0 Sn 6,0109,0
Pb 051038 Pb 0,5t04,0
Permanent mould 220 130 2
Zn 3,0 max. Zn 3,0 max.
Fe 0,2 max Fe 0,2 max.
Centrifugal 230 1303) 4
Ni 2,5 max Ni 2,5 max.
Sb 0,25 max Sb 0,25 max. ‘
Continuous 270 ! 1303) 5
P 0,02 max p2) 0,05 max. |
Al 0,01 max Al 0,01 max. ;
Si 0,01 nhax. Si 0,01 max. *
S 0,10 max. S 0,10 max.
1} Including Ni.
2) For chill and cortinuous castings, the phosphorus content may be increased to a maximum of 1,5'% by agreement.
3) The values given |are for information only, unless specified by the purchaser.
TABLE 20 — Cu Sn10 Zn2
Composition Minimum mechanical properties
% Process of ——
: casting Rm Ro0,2 A
Ingots Castings N/mm?2 N/mm?2 %
cul) 86,0 tp 88,5 Cul} 86,0 t0 89,0
Sand 240 120 12
Sn 9,2 10/11,0 Sn 90t 11,0
Pb 1.3 max. Pb 1,56 max¢ Centrifugal
Zn 1,0 t0/3,0 Zn 1,0 t0 3,0 or 270 1403) 7
e 0,20 max. Fe 0,25 max. continuous
Ni 2,0 max. Ni 2,0 max.
Sb 0,3 max. Sb 0,3 max.
P 0,03 rhax. P2} 0,05 max.
Al 0,01 max. Al 0,01 max.
Mn 0,2 nrhax. Mn 0,2 max.
Si 0,01 max. Si 0,01 max.
S 0,10 e S 8;10-mee
1) Including Ni.
2) For continuous casting, the phosphorus content may be increased to a maximum of 1,56 % by agreement.
3) The value given is for information only, unless specified by the purchaser.
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