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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 A% - Mn2% = 14% - 20% 
b. 4 x A1% -- Ni9% = 1.7% - 25% 
c. Ni9%/5A1% = Greater than 1 

1 Claim, No Drawings 
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1. 

COPPER NICKE 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 high 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 ductility as 
represented by an Izod Impact value of at least 26 
ft.lbs. in the as cast condition, and at least 23 ft.lbs. 
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 exchang 
ers and other components of sea water circulating sys 
tes. 
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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2 
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 following for 
mulae: 

a. 4 X A1% -- Mn2% = 4% - 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 4X 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 II 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 I. 
Table III gives some examples of alloys of a broadly 

similar composition to those of Table I. 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 alloys 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 I 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.bs. 
The Nickel constituent of the alloys of Table I ranges 

from 10.7 percent in Example 14 to 18.0 percent in Ex 
ample i7. The Aluminium content ranges from 1.1 per 
cent in Example l6 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 - 
Min - 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) in: cent) cent) cent) (a) (b) (c) tons/sq. in 

0.42........ 2.09 11.9 10.0 18.4 20.3 1.18 11.8 
2.2. 2.16 1.8 0.7 9.3 20.4 1.09 15.6 
2.4 1.92 12.5 11.1 18.8 19.2 130 16.5 
3.0 2.08 11.4 9.0 17.3 19.7 113 17.6 
3.7 2.09 2.0 10.1 18.5. 20.4 1.19 8.6 

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 

O 

15 

20 

25 

30 

35 

40 

45 

SO 

55 

cent is required if a 0.5 percent Proof Stress of at least 
17.5 tons per square inch is achieved. Where, however, 
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 
contents according to the teachings of this Specifica 
tion, an Iron content of at least 2.5 percent is required, 
while if the Iron content exceeds 6.5 percent there is a 
risk that the corrosion resistance of the alloy may be 
reduced. 

60 

65 

4. 
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% O.5% Ultimate Izod 
Size Proof Proof Tensile Impact 
of Cast Stress Stress Strength Elong. Value 
Bar tons/in tons/in tons/in % ft./1b. 
2 inch 
square 6.8 20.2 30.8 26 29,30,29 
3 inch 
square 6.0 20.3 30.0 21 34,30,28 
4 inch 
square 7.4 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 I. 
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 I 
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 I. 
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 I, 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) - 4A -- Min - 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 III 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 IV 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) - 4A - 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 I 

0, 0.5 
percent percent Mag 

Mn A. Fe Ni C 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) (a) (b) (c) Condition Tisq. in Tisq. in Tisq.in cent valueftlbs Weld test bility 

----- - -- -- , , , Ascast. 17.2 21.2 32.43544, 45,48... s. 
... . . . . . . . 8.8 2.25 3.7 1.4 0.79 7.8. 20.4 1,0 tifasso'c. fi 25.7 38.9 3. 5:33:38. Satisfactory. 1.002 

As cast............ 160 7.6 - 56,58, 56.... 
2.......... 9.0 2.08 3.0 14 0.69 17.3 9.8 - 1.09 $550-c. 33 3: 38 233. - - - - - - do........... 003 

S cast. . . . . . . . . . . . 18. st- 3 -t f 3.......... 10.1 2.09 3.77 120 0.63 18.4 20.3 1.15 (Assoc. E S i?: 3; 3:3:34. 1.004 
4.......... 10.6 2.01 5.03 12.1 062 18.6 20.1 1.19 (Essoe. S & 33 : 3:38:26. 
5.......... 109 2.08 401 10.8 0.72 19.2 19.1 104 (Eigsoc. 4 3 2: ; 3:33:33. 
6... 5 2. 2.81. 14.2 0.65, 19.9 22.6 1.35 {assoc. ; : E 3. 

As cast............ 6.2 18.6 32.0. 51 54,54,56. 7.......... 10.1 2 5 4.46 116 0.86 18.7 202 1.08 (Rigsoc. 6 & 35 ; 563:38. 
8. . . . . . . . . . 10.6 2.25 4.8 12.3 062 19.6 21.3 1.09 {Essoe. 38 33 3: 36: 
9.......... 102 2.13 4.8 12.6 0.61 18.7 21.1 1.18 (Essoe. S. 39 338 : 3836. 
0........ 2.0 .48 4.46 1.6 0.51 17.94 17.5 1.57 (i.e. $568. : 3: S ; 3. 
11........ 9.67 2.15 4.8 12.0 Nil 1827 206 1.11 (Assoc. F. 23 $33. ----------- , , , , , , Asia... is 17s 333 45 58,676 - - - - - 
2 . . . . . . . . 10.5 2.05 5.24 120 052 18.7 202 1.14 (Sassae: ; ; ; ; ; 45.5149.)..... do........... . . . . . . . . . . . 
13 ........ 89 2.1 4.89 12.6 0.56. 17.3 21.0 120 (Essoe. 3 8 38 : 63.36. 

9.7 1.97 4.10 10.7 0.561757 18:57 109 {Egge: ; ; ; ; : 
10.7 .75 4.46 - 13.25 Nil 17.7 20.25 1.51 Ascast...... i80 505 345 45 58,6360 
9.85 1.1 5.0 17.7 0.54 14.25 22.1 3.22 {Egg. 8: G 3:33. Ascast..... 260 224 330 24 3627.28. 

7........ 9.9 1.56 5.0 18.0 54 6.1 24.2. 2.30 $350e. 23: 3: 339 g ::::::: Scast. . . . . . . . . . . . 2. TV was . . . . 18........ 9.10 1.89 4.70 13.8 Nil 16,6621.36 1.46 (Esso-c. 43 : 37: 3; 3:3;35.)...... do........... 1.004 

TABE 

0.1 0.5 percent percent Mag 
Mn A. Fe Ni. Cr Formula proof proof, Tensile Elong. 

Ex- (per- (per- (per- (per- (per- stress stress strength per- Izod impact permea 
ample cent) cent) cent) cent) cent) (a) (b) (c) Condition Tisq. in Tlso in Tisq. in cent value ft.lbs Weld test bility 

As cast............ 8.8 9.6 24.4 60 70, 66,63..... - 
2........ 10, 8 1.37 0.42 9.70 Nil 15.66 15, 18 l'Assoc. 3. 8: i8 : } Satisfactory............... 

- Scast.... 10, 3. 8 
22........ 14.4 1.18 23 16.0 Nil 19, 12 20.72 2.54 { 10.3 10.8 23.8 57 
23. . . . . . . . 14.25 1.63 .17 16.0 Nil 20.77 22.52 1.96 { 3. 23 : 
24........ 9.85 2.04 4.61 7.3 0.58 1804 15.46 0.71 {2 issoc: ; ; ; ; 
25........ 9.5 1.2 4.7 11.2 .61 14.5 16.0 1.87 { Sassoc. 1: 13; is 

8.7 100 489 7.1 04 12.7 iii 1.42(isse: ; ; ; ; 
27........ 8.7 1.01 4.70 8.7 .04 12.74 12.74 1:72 { assoe. 2: 3: ; ; 
28........ 9. 1.9 4.01 9.0 ,60. 6.7 16.6 0.95 {2,3350e. E8 3 ;: ; 39: 

9.6 3.5 446 - 7.0 58 23.6 21.0 .40 { Riggoe: ; ; ; ; ;:::::: 
9. .9 As cast............ 1275 (4.8 275 is 4.85653. 85 2.98 4.53 7.0 .38 21.77 18.9 47 { Riggoe: 'it': ; ; ; 3:3:... do. .004 
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TABLE 

0. 0.5 
percent percent Mag 

M A. Fe Ni Cr Formula proof proof Tensile Elong. netic 
Ex- (per- (per- (per- (per- (per- - stress stress strength per- zod impact permea 
ample cert) cent) cent) cent) cent) (a) (b) (c) Condition Tisq. in Tisq. in Tisq. in cent value ft.lbs Weld test bility 

1 - . . . . . . . . 9.7 2.81 4, 10.7 0.53 20.9 21.9 0.76 {2,3350e. 28 33 iii.) Satisfactory. 
As cast............ 5.7 8.5 31.8 48 30,28, 3. 11.75 2.16 4.6! 11.6 6. 20.4 20.24 1.07 isso. 5: ; ;& ; 8.6 
As cast............ 6.2 9.2 32.6 46 28, 32,33. 11.6 2.59 4.51 11.6 .59 21.97 2197 0.90 (Essoe. 6 33: 7; S is: 
As cast............ 7.0 20.2 32.5 50 35,32, 30. 10.5 2.63 2.28 11.8 .66 21.0 22.3 .90 (Esso-c. 3, 5, & 55 ; 2.53. 

- As cast.... 6.6 20.0 33.0 44 43,44. 
2.8 2.3 4.46 2.8 68 220 22.0 {4655 ... 20.4 28. 436 17 17, 17......... 

As cast............ 23.0 26.5 - 35.0 20 25, 24, 23..... 9.7 1.92 4.9 17.8 .51 17.4 25.5 1.85 (assoc. 5: 583 is is 5,355...... do........... O)4 

ABE W 

(), ().5 
percent percent Mag 

M Al Fe Ni Cr Formula proof proof Tensile Etong. netic 
Ex- (per- (per- (per- (per- (per- - stress stress strength per Izod impact permea 
ample cent) cent) cent) cent) cent) (a) (b) (c) Condition Tisq. in TIsq. in Tisq. in cent value ft. lbs Weld test bility 

1 . . . . . . . . . . 7.05 1.88 4.7 8.8 0.68 13.58 16.32 0.94 Essoe. 58 393.} Cracked.................... 
2 . . . . . . . . . . 7.3 1.92 4.46 12.3 61 14.97 1998 128 { Rigsoc. 33 3: 35% 3:3:33.0}..... do....................... 

As cast............ 6.0 18.4 30.6 35 37,37, 40..... 8.2 2.4 3.0 . 67 (6.74 1964 1.04 (566. S. ii. 3 is 33.36:33.}..... do................. 
4. . . . . . . . . . 9.15 4.8 47 10.9 .56 28.35 30.1 0.45 { so. S. 8 ' '...}...... do................... 
5. . . . . . . . . . 11.2 2.47 4.37 19.9 .5221,0829.78 1.62{ Essoe... ; ; ; 3.}... do........... 005 
6 . . . . . . . . . . 13.0 3.3 4.1 13.5 61 26.2 26.7 0.82 { Essoe. i & S S ::iii.)..... do........... 1004 
7.... . . . . . . 17.3 2.1 4.3 : 1.5 50 25.7 19.9 1.09{Assoc. 3: . . . s.S.)..... do....................... 

We claim : b. 4 x Al%-Ni% = 17%-25% 
1. A high quality, high strength, highly ductile, cast, c. Ni%/5Al% = Greater than 1 

weldable and corrosion resistant copper alloy consist- said alloy characterized by the following properties in 
ing of the following elements in the following propor- as cast condition: 
tions by weight: 35 1. fulfills the requirements of the weld test set out in 
Nickel 9% - 18% ASTM B369-61. T 
Aluminium 1% - 3.5% 2. possesses a 0.5 percent Proof Stress of at least 17.5 
Manganese 8.5% - 13% tons per square inch 
Iron 2.5% - 6.5% 3. possesses an Ultimate Tensile Strength of at least 
Chromium 0% - 1% 30 tons per square inch 
Copper the balance 4. has an Izod Impact value of at least 26 ft. lbs. 

with the Aluminium, Manganese and Nickel contents 5. has a low magnetic permeability not exceeding 
being so controlled that they satisfy the following for- 1.05. 
mulae: 

: X 
a 4X Al%-- Min% = 14%-20% 45 

50 
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