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[57] ABSTRACT
A high quality, high strength, highly ductile, castable,
weldable and corrosion resistant Copper alloy consist-
ing of the following elements in the following propor-
tions by weight :

Nickel 9% - 18%

Aluminium 1% - 3.5%

Manganese 8.5% — 13%

Iron 2.5% - 6.5%

Chromium 0% - 1%

Copper the balance
with the Aluminium, Manganese and Nickel contents
being so controlled that they satisfy the following for-
mulae :

a. 4 X Al% o+ Mn% = 14% — 20%

b. 4 X Al% + Ni% = 17% - 25%

c. Ni%/5A1% = Greater than 1

1 Claim, No Drawings



3,769,005

1

COPPER NICKEL ALLOYS

This Application is a Continuation-in-Part of applica-
tion Ser. No. 784, 024 filed Dec. 12th, 1968, now aban-
doned.

This invention relates to the production of hxgh qual-
ity, high strength, castable, weldable and corrosion re-
sistant Copper Nickel'alloys containing additions of Al-
uminium, Manganese, Iron and optionally Chromium.

The invention has for its object to produce alloys
which satisfy the following exacting criteria :

1. In the as cast condition the alloy fulfils the require-

ments of the weld test set out.in ASTM B369-61T.

2. The alloy possesses a 0.5 percent Proof Stress of
at least 17.5 tons per square inch in the as cast con-
dition, and should respond to heat treatment to
give even higher strength.

3. The alloy possesses an Ultimate Tensile Strength
of at least 30 tons per square inch in the as cast
condition.

4. The alloy possesses a high degree of ductlllty as
represented by an Izod Impact value of at least 26
ft.Ibs. in the as cast condition, and at least 23 ft.1bs.
even after heat treatment for four hours at 550°C.

5. The alloy has a low magnetic permeability not ex-
ceeding 1.05.

6. The alloy is strongly resistant to corrosion in sea
water.

In modern marine engineering and shipbuilding prac-
tice, there is a growing demand for high quality castings
used in the production of valves, pumps, heat excharig-
ers and other components of sea water circulating sys-
tems.

High quality castings of this kind are often of intri-
cate form and have considerable variation in sectional
" thickness. They require to be highly resistant to corro-
sion by sea water, of low magnetic permeability, prefer-
ably of below 1.05, and to possess high yield and tensile
strength combined with excellent ductility and notch
impact strength as measured by Izod or Charpy Impact
value. The alloy used should be readily castable into in-
tricate form and as the finished product may involve a
plurality of castings welded together, or the finished
product may be required to be welded to another com-
ponent, the alloy should be capable of being welded
with the weld being of excellent quality and so that the
casting and the weld are radiographically sound.

Aluminium is a well-known strengthening agent for
Copper Nickel alloys. However, cupro . Nickels
strengthened by Aluminium additions are subject to
variable weldability. This can be alleviated by incorpo-
rating additions of Manganese. However, castings pro-
duced from such an alloy are only weldable if the
Nickel, Aluminium and Manganese constituents are
controlled within very close limits. This invention has
for a principal object to define these limits and also to
ensure that the resultant casting has the high criteria of
strength and ductility as set out at the beginning of this
Specification.

Iron is also a known strengthening agent. However,
sufficient Iron must be added for its strengthening ef-
fect to be apparent, while too high an Iron content may
_ impair the corrosion resistance of the alloy. A further
object of this invention is to define a beneficial range
for the Iron constituent of the alloy.

Wrought alloys having as constituents Copper,
Nickel, Aluminium, Manganese and Iron are well-
known in the art. :
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For example, British Patent Specification No.
578,223 dating from 1942 discloses such an alloy hav-
ing constituents as follows :

‘Nickel 9% - 30%

Aluminium 0.1% - 2.0%

Manganese 5.0% - 30%

Iron Up to 5%

Copper substantially the remainder

Also in German Patent Specification No. 655,931
dating from 1933 an alloy is disclosed having constitu-
ents as follows :

Nickel 10% - 40%

Aluminium 0.1% - 6%

Manganese 0.5% - 10%

Iron 3.0% - 20%

Copper Substantially the remainder

However, these prior references contain no teaching
as to how the exacting criteria set out at the beginning
of this Specification can be ensured.

On the contrary we have found that these criteria can
be achieved with surety with an alloy consisting essen-
tially of Copper, Nickel, Aluminium, Manganese, Iron
and optionally Chromium, if the various constituents
are controlled within very close limits.

Specifically the invention provides a Copper Nickel
alloy consisting of the following elements in the follow-
ing proportion by weight -

Nickel 9% - '18%

Aluminium 1% - 3.5%

Manganese 8.5% - 13%

Iron 2.5% — 6.5%

Chromium 0% - 1%

Copper the balance
with the Aluminium, Manganese and Nickel contents
being so controlled that they satisfy the followmg for-
mulae:

a. 4 X Al% + Mn% = 14% - 20%

b. 4 X Al% + Ni% = 17% - 25%

c. Ni%/5A1% = Greater than 1

The Chromium content is optional and confers bene-
ficial results when the alloy is heat treated; specifically
it provides more uniform dispersion of the precipitation
hardening phase.

In the accompanying Tables, various examples of al-
loys are shown, all of which are highly resistant to cor-
rosion in sea water. In the Tables the values for the
computation 4 X Al% + Mn% are given under heading
(a), the values for the computation 4 X Al% + Ni% are
given under heading (b) and the values for the compu-
tation Ni + 5 X Al% are given under heading (c).

The alloys of Table I are examples according to this
invention which all satisfy the criteria set out at the be-
ginning of this Specification. -

Table 11 gives examples of various alloys of a gener-
ally similar composition to those in Table I, and all of
which satisfy the weld test. However, for various rea-
sons the alloys of Table II fail to satisfy one or more of
the criteria set out at the beginning of this specification.

Specifically the alloys of Table II have lower strength
coupled with high ductility than the alloy examples of
Table L.

Table III gives some examples of alloys of a broadly
similar composition to those of Table 1. However all the
alloys of Table III suffered a significant loss-of ductility
when subjected to heat treatment.

Table IV sets out various alloys also of broadly simi-
lar composition to those set out in Table I. However all
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the alioys in Table IV failed to satisfy the weld test ac-
cording to ASTM B369-61T.

All the alloys of Table I achieve the requirements of
the weld test set out in ASTM B369-61T.

All the alloys of Table | possess an 0.5 percent Proof

Stress of at least 17.5 tons per square inch in the as cast
condition, the results of this:test ranging from 17.6 tons

per square inch, in examples 2, 10, 11 and 14, to 22.4
tons per square inch in example 17, with even higher
strengths.being achieved after heat treatment.

All the alloys of Table I achieved an Ultimate Tensile
Strength in excess of 30 tons per square inch, in the as
cast condition, and all achieved higher strengths after
heat treatment.

All the alloys of Table I achieved a satisfactory de-
gree of ductility as measured by elongation and Izod
Impact tests, in the as cast condition, and ductility was
not significantly reduced after heat treatment for four
hours at 550°C., the examples all recording after such
heat treatment, an— Izod Impact value in excess of 23
ft.lbs. :

The Nickel constituent of the alloys of Table I ranges
from 10.7 percent in Example 14 to 18.0 percent in Ex-
ample 17. The Aluminium content ranges from 1.1 per-
cent in Example 16 to 2.35 percent in Example 1. The
Manganese content ranges from 8.8 percent in Exam-
ple 1 to 12 percent in Example 10. The Iron content
ranges from 2.81 percent in Example 6 to 5.24 percent
in Example 12. The Chromium content of the alloys of
Table I ranges from nil in Example 15 to 0.86 percent.
in Example 7.

More importantly the Manganese and Aluminium
constituents when computed by formula (a) — 4Al +
Mn — range from 14.25 percent in the case of Example
17 to 19.9 percent in Example 6; the Nickel and Alu-
minium contents when computed by formula (b) —
4Al+ Ni — range from 17.5 in Example 10 to 24.2 per-
cent in Example 17; and in all the Examples in Table
I, the Nickel content is more than five times greater
than the Aluminium content.

The effect of Iron on the strength of alloys according
to the invention is demonstrated by the following table
where alloy examples are shown with Iron contents
ranging from 0.42 percent to 3.77 percent.

Alu-
min- Man- 0.5 per-
Iron ium Nickel ganese Formula cent proof
(per- (per- (per- (per- stress
cent) -:cent)  cent)  cent) @ (b (c) tons/sq.in
2.09 11.9 10.0 184 20.3 1.18 11.8
2.16 11.8 10.7 193 204 1.09 15.6
1.92 12.5 11.1 18.8 19.2 1.30 16.5
2.08 11.4 9.0 173 19.7 1.13 17.6
2.09 12.0 10.1 18.5 204 1.19 18.6

It will be seen that where the Aluminium and Nickel
contents computed by formula (b) are in the range of
about 19 - 21, an Iron content of at least about 3 per-
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the value computed by formula (b) is higher the Iron
content may be reduced slightly as evidenced by Exam-
ple 6 in Table I. However, with Nickel and Aluminium
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Certain of the alloys of the Tables were tested for
magnetic permeability and the results shown on the Ta-
bles indicate that these alloys are substantially non-
magnetic. However, tests on an alloy consisting of 10.1
percent Manganese, 13 percent Nickel, 5.16 percent
Iron but only 0.04 percent Aluminium, the balance
being Copper, indicated for this alloy a magnetic per-
meability of 1.4.

Moreover the alloys according to the invention, ex-
amples of which are shown in Table I, do not exhibit
any significant variation in properties in the as cast con-
dition in dependence upon the sectional size of the
casting. As an example, an alloy consisting of Nickel
12.3 percent, Aluminium 2.03 percent, Manganese
10.6. percent, Iron 4.61 percent and Copper the bal-
ance, was produced in cast form as a 2 inch square cast
bar, a 3 inch square cast bar and a 4 inch square cast
bar, and was found to have properties as follows:

0.1% 0.5% Ultimate Izod
Size Proof Proof Tensile Impact
of Cast Stress Stress Strength Elong. Value
Bar tons/in®  tons/in?  tons/in® % ft./lb.
2 inch
square 16.8 20.2 30.8 26 29,30,29
3inch
square 16.0 20.3 30.0 21 34,30,28
4 inch ) :
square 17.4 20.0 29.2 28  27,28,32

The alloys of Table II while satisfactory so far as their
ductility is concerned have significantly lower strength
in the as cast condition as compared with the examples
listed in Table L.

The best example in Table II is Example 5 which
achieves a 0.5 percent Proof Stress of 16.6 tons per
square inch in the as cast condition. This figure would
undoubtedly be improved : with small additions of
Nickel and/or Aluminium to bring the value of these
when computed by formula (b) — 4Al + Ni — up to
at least 17 as taught by this Specification.

Example 21 has a 0.5 percent Proof Stress of only 9.6
tons per square inch in the as cast condition and it is
significant that this alloy is substantially identical in
composition to some of the alloys specifically listed by
way of example in the aforementioned prior British Pa-
tent Specification No. 578,223. The alloy, Example 21
also failed to respond to heat treatment. Example 21 of
Table II may be compared with Example 7 of Table 1
and it will be noted that the Aluminium and Iron con-
tents of Example 7 are significantly higher while the
Nickel content is maintained at least five times greater
than the Aluminium content. Thus if the Aluminium
content of Example 21 were increased to above 2 per-
cent and the Iron content were increased above 3 per-
cent then this alloy would satisfy the criteria set out at
the beginning of this Specification. Comparison may be
made with Example 5 of Table 1.

Examples 22 and 23 are also virtually identical with
certain alloys specifically listed by way of example in
the aforementioned British Patent Specification No.
578,223. However, these examples had 0.5 percent
Proof Stress strengths of only 10.5 and 10.8 tons per
square inch respectively and were in comparison with
the alloy examples of Table [, relatively low strength
ductile alloys.

The alloys of Table III may be compared with Exam-
ples 16 and 17 of Table I. It will be noted that the first
five Examples of Table III have relatively high Manga-
nese and Aluminium contents when computed by for-
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mula (a) — 4Al+Mn — and it will be seen that these
alloys, while being otherwise generally satisfactory suf-
fered a significant loss in ductility as measured by Izod
or Charpy test after heat treatment.

Example 32 is just outside formula (a) at 20.4 per-
cent. If the Manganese and Aluminium contents were
lowered slightly, the ductility after heat treatment
would be increased to a more satisfactory level.

The last alloy 36 in Table 1II has relatively high
Nickel content so as to give a high value according to
formula (b) — 4Al + Ni — at 25.5 percent and this
alloy had low ductility even in the as cast condition. It
is a relatively strong brittle alloy. With slightly less
Nickel this alloy would have more ductility in the as
cast condition.

Table IV when compared with the Examples given in
the other Tables demonstrates the effect of the Manga-
nese content, taken in conjunction with the Aluminium
and Nickel contents, on the weldability of the alloy.
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_ The first Example 41 of Table 1V is of an alloy where

the Manganese and Nickel contents are lower than
specified according to this invention. Examples 42
and 43 also have low Manganese contents.

Examples 44, 45 and 46 exhibit relatively high Nickel
and.Aluminium contents when computed by formula
(b) — 4Al+Ni. .

The last Example 47 in Table IV has a relatively high
Manganese content.

All the alloys in Table IV failed the weld test.

A careful study of the various examples will, there-
fore, show that if the exacting criteria, set out at the
outset of this specification, are to be not only achieved,
but satisfied with surety, then the various constituent
elements must be controlled as to their relative propor-
tions by weight to one another, within very close limits.

The alloys according to the invention, examples of
which are given in Table I possess an excellent combi-
nation of properties which hitherto it has not been pos-

20 sible to ensure in Copper Nickel alloys.

TABLE 1
01 05
percent percent Mag-
Mn Al Fe Ni Cr Formula proof proof Tensile Elong. netic
Ex- (per-  (per- (per-  (per-  (per- -~ = stress - stress strength  per-' lzod impact permea-
_ample cent) cent) cent) cent) cent) (a) ) (c) Condition T/sq.in T/sq.in “T/sq.in  cent value ft. [bs - Weld test bility
L Ascast ............ 172 212 324 35 44,45.48... o
| JT—— 8.8 2.25 3.7 11.4 079 17.8 204 1.0t {4hrs@550°C... 229 557 38.0 55 25,25,26;....} Satisfactory...  1.002
2, 00 208 30 1.4 069 173 198 109 {§5 P8 s 6o 17e 308 . 1.003
LY 01 209 377 120 063 184 203 115 {{SER e oo 1%§ 322 1.004
PR 106 201 503 121 062 186 200 119 {PRER s 16 186 322 1.003
5 105 208 401 108 072 192 190 104 {45E 00 318 o e e T e 0
TS (L5 21 281 142 065 199 226 135 (4R R usE 60 B i 1.004
T 01 215 446 116 086 187 202 108 {§hTR T ez 180 I N e by DU
8oorreerene 106 225 48 123 062 196 213 109 {{RR e s %3 Bl I o
Y 02 213 48 126 061 187 211 LI8 {Q‘;f:é‘}ggb;é"' 160 B R Dt iy U
T - 120 148 446 116 051 17.94 175 157 {fgfs"%ggé;ém 14 1€ OO TRC I 5T ity EOL LR
I E 067 215 48 120  Nil 1827 206 L1 {Q;fsas@"s" 138 s I
12 e 105 205 524 120 052187 202 114 {?fi:s%’s" AT 118 32
13 89 21 48 126 056 173 200 1.20 {f"‘;rcs“égg(',:é"' 138 182 At e, IO SR
97 197 410 107 056 17.57 1857 109 {§hee sgi s 176 300 Il do
107 175 446 1325  Nil 17.7.2025 151 AscaSt....... 180 205 345 1.004
085 11 50 1727 o0sa1425 220 322 {88 103 LI T B F i E. e
17 e 99 156 S0 180 .54 161 242 230 {{ UG 200 24 39 1.012
18 oo 010 185 470 138 Nil 1666 2136 146 {5 302 e 3 1.004
TABLE 11
‘ 01 05
- L ) percent percent : Mag-
Mn Al Fe Ni- -  Cr Formula proof proof. Tensile Elong. . netic
Ex- {per- (per- (per-  (per-  (per- stress  stress strength  per- Izod impact permea-
ample cent) cent) cent) cent) :cent) (@ (B (c) Condition T/sq.in T/sq.in Tisq.in cent valueft.lbs Weld test bility
137 042 970  Nil 15.66 15.18 L.A}{ﬁfs"‘s@}ggé:'c““ 808 e
118 23 160 Nil 19.12 2072 254 { {3 T o
163 17 160 Nil 2077 2252 196 {$5508 vy ol 108 23
2, 085 204 461 73 0581804 1546 o7 {fsSie 130 183 106
‘25 . 95 12 47 112 .61 145 160 1.s7{f§r°s“é):5"5'6;;é'“ 148 168 3
26 i 87 100 489 71 .04 127 1iLI 1.42{4";;?%"5'-'5'5;6":' 128 1 %2
27 s 87 101 470 87 .04 1274 12.74 1.72{4";::%'5"5'6;6“' e 134 s
28........ 91 19 401 90 .60 167 166 0.95{"};:5"@'556;5" 1o 188 %;‘5’
29 96 - 3.5 446 - 70 .58 236 210 .40{ ?rsurcsa%'s"s'b'v’é"' '%22(5) ;gg 22'122
30........ 9.85 298 451 7.0 582077 189 .47{?3&“@‘5‘5&5'" ars 48 un
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TABLE 111
01 05
percent percent Mag-

Mn Al Fe Ni Cr Formula proof proof Tensile Elong. netic
Ex- (per- {per- (per- {per- (per- stress  stress strength  per- [zod impact rmea-
ample cent) cent) cent) cent) cent) (a) ()] {c}) Condition Tlsq.in Tfsq.in T/sq.in cent valueft. lbs Weld test bility
Lo 97 281 416 107 053 209 219 076 fgf:é's"s'byé"' v B B
2 IS 206 481 106 61 2042024 Lo7{{5PS e 1T 188 L8
3o, 16 259 451 116 .59 21.97 21.97 0.90 {ngsa(séggé;“c““ 162 192 328
S, 105 263 228 18 66 200 223 (S Teuger 10 20T 3
T 1823 446 128 68 220 220 LI{{3TBeer 00 R0 39
6. 97 1m 4y s 51174 255 ass{{pSeee 200 %5 39

TABLE 1V
01 05
percent percent Mag-

Mn Al Fe Ni Cr Formula proof ~ proof Tensile Elong. netic
Ex- (per- (per- {per- {per- (per- stress  stress  strength per- Izod impact rmea-
ample cent) cent) cent) cent) <cent) (a (b) (¢} Condition T/sq.in T/sq.in Tfsq.in cent valueft. Ibs Weld test bility
T 705 188 47 88 068 1358 1632 0.94{ 5T w37 3 16 43 483034} Cracked.oven
Lo 73192 446 123 611497 1998 128 {5 e 107 200 30 R 3o

82 204 30 L1 67 1674 1964 104 { Ph SR e g 184 306 38
PR 945 AN 47 109 562835 300 04s{fploe 296 268 408 1
LI 2 247 437 199 522108 978 Lea{ Sl 008
PO 130 33 41135 61 262 267 082 {5 %S 320 2
T v 173 21 43 115 50 257 199 Lo9{ {5 a3

We claim : b. 4 X Al%+Ni%=17%—25%

1. A high quality, high strength, highly ductile, cast,
weldable and corrosion resistant copper alloy consist-
ing of the following elements in the following propor-

tions by weight:
Nickel 9% - 18%
Aluminium 1% - 3.5%
Manganese 8.5% — 13%
Iron 2.5% - 6.5%
Chromium 0% — 1%
Copper the balance

with the Aluminium, Manganese and Nickel contents
being so controlled that they satisfy the following for-

mulae:

‘2. 4 X Al% + Mn%= 14% — 20%

c. Ni%/5A1% = Greater than |
said alloy characterized by the following properties in
as cast condition:

1. fulfills the requirements of the weld test set out in

ASTM B369-61T

2. possesses a 0.5 percent Proof Stress of at least 17.5
tons per square inch

3. possesses an Ultimate Tensile Strength of at least
30 tons per square inch
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4. has an [zod Impact value of at least 26 ft. lbs.
5. has a low magnetic permeability not exceeding



