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ABSTRACT OF THE DISCLOSURE 

Wrought copper-nickel alloys containing special 
amounts of chromium exhibit improved resistance to the 
impingement erosion e?'ects of high velocity seawater. 
Small amount of iron also improve “parting” corrosion 
characteristics of alloys of lower nickel content. 

The subject invention is directed to various wrought, 
non age-hardenable copper-nickel alloys and articles fabri 
cated therefrom capable of affording improved resistance 
to corrosive media, including chlorides, notably seawater. 
Though the origin of copper-nickel alloys, commonly 

termed “cupronickels,” can be traced at least to the time 
when the Greeks (-B.C.) used an alloy containing approxi 
mately 77.5% copper and 20% nickel as a coinage ma 
terial, it was not until just before the turn of the present 
century that such an alloy (85% copper-15% nickel) was 
utilized for its corrosion resistant qualities as tubing, the 
product form in which a most substantial percentage of 
the cupronickels has been and continues to be used. In 
retrospect, however, even this pioneer venture appears to 
have been of limited scope since various writings in treat 
ing the historical development of the copper-nickel alloys 
reflect that it was not until the advent of the 70/30 alloy 
(circa the early 1920’s) that the cupronickels really came 
into prominence as materials uniquely capable of resisting 
the aggressiveness of salt water environments. 

Conventional commercially used cupronickels in terms 
of their virtue to resist seawater attack have been, as is 
generally known, particularly effective in quiescent and 
low velocity seawater. In contrast, above, say, a velocity 
of 10 to 15 feet per second (f.p.s.) such alloys inherently 
suffer from the considerably less attractive characteristic 
of manifesting a much greater susceptibility to undergo 
impingement erosion. Conducive to understanding the sig 
ni?cance of this drawback, reference might be made to 
the manner in which such alloys are thought to thwart 
seawater attack. In common with any number of other 
corrosion resistant materials such as the stainless steels, 
the cupronickels are generally considered to owe their 
corrosion resistant nature to the formation of a surface 
protective ?lm, a ?lm which, at least in part, contains 
oxide(s) and which performs the role of a barrier to 
penetration by corrodents. 
Now, under the usual conditions prevailing in connec 

tion with stagnant or low velocity seawater, situations in 
which localized corrosion (e.g., crevice and pitting), is of 
particular concern, it seems that the protective ?lm is par 
ticularly difficult to penetrate or rupture. In any case, it 
adheres to the metal surface with such tenacity as to offer 
appreciable resistance to removal by normal external 
forces. Moreover, if the ?lm is pierced, the environmental 
conditions are such that the ruptured area ostensibly 
undergoes self-healing, as it were, meaning the ?lm is re 
stored, there apparently being su?icient oxygen available 
to assist in reforming or repairing the oxide ?lm. Also in 
stagnant and low velocity seawater should a pit form the 
corrosion rate at that point is often quite slow and has 
been known, with time, to even cease. 

However, with rapidly moving seawater, the above is 
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not the case. High velocity seawater apparently greatly 
inhibits or interferes with the formation of the protective 
?lm. That is to say, the force of a high velocity salt water 
stream may pro se induce ?lm rupture (at least in large 
measure it contributes) or should penetration otherwise 
occur, the very force of the velocity tends to erode the 
?lm as it is being self-restored through oxygen replenish 
rnent at the rupture site. Put another way—there is a con 
tinuous but competitive process of ?lm formation and 
disruption simultaneously occurring. 

Translating the above to actual commercial operation 
and using tubing (condenser, heat exchanger, etc.) for 
purposes of illustration, as seawater passes through tubing 
it commonly encounters obstructions, restrictions and the 
like as well as bends. These regions naturally tend to inter 
rupt or alter the normal seawater ?ow pattern and, as a 
consequence, create a condition of turbulence. This in turn 
can and too often does result in high velocities at localized 
areas-the very environment conducive to impingement 
erosion. This condition while it can be minimized by 
proper equipment design cannot be eliminated in all sys 
tems. Accordingly, under normal commercial operations 
the same system can encounter and thus must contend 
with the peculiarities of both low and high velocity sea 
water. 
Though there undoubtedly have been efforts to obviate 

the disadvantage above discussed, the literature reflects, 
however, insofar as we are aware, that there apparently 
have been but two signi?cant improvements in respect of 
the corrosion resistance of the conventional wrought, non 
age-hardenable cupronickels in the past 40-45 years. 
Brie?y, one involved the incorporation of approximately 
0.4% to 1% iron to the 70/ 30 composition, the other the 
addition of approximately 1.2% iron to the 90/10 type 
(the latter not being of concern herein). In neither in 
stance is the long standing susceptibility to high velocity 
seawater appreciably lessened. And indispensible in mini 
mizing resistance to impingement erosion-it must be 
emphasized that it can not be accomplished at the expense 
of crevice or pitting corrosion in quiet or low velocity sea 
water. For it matters not to tubing (or other articles) 
by which form of corrosion (crevice, pitting, impinge 
ment, etc.), it is perforated. 

It has now been discovered that the capability of 
wrought, non age-hardenable cupronickels of the 70/30, 
75/25, 80/20 and 85/15 types to resist high velocity sea 
water, e.g., above 10 feet per second and up to as high as 
50 feet per second or possibly higher, can be appreciably 
enhanced through the incorporation of a small but ef 
fective amount of chromium particularly in combination 
with controlled amounts of iron. Moreover, it has been 
further found that such alloys do not deleteriously detract 
from the usual behavior of conventional cupronickels in 
quiet and low velocity seawater in respect of localized 
crevice and pitting attack. 

It is an object of the present invention to improve the 
corrosion resistance of wrought cupronickels in seawater. 

Another object is to particularly provide copper-nickel 
alloys capable of delivering a greater degree of resistance 
than conventional cupronickels to high velocity seawater. 

Other objects and advantages will become apparent 
from the following description taken in conjunction with 
:FIG. 1 in which there is depicted a graphical correlation 
between nickel and iron contents in relation to “parting” 
corrosion as herein discussed. 

Generally speaking, the present invention contemplates 
providing novel wrought, non age-hardenable articles of 
manufacture, including condenser and heat exchange tub 
ing, evaporator tubes, pump components, valves, propel 
lers including propeller shafts, shaft sleeves, water boxes, 
etc., fabricated from copper-nickel alloys containing from 
not less than 13% to about 37% nickel, from about 
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0.15%, and most bene?cially from 0.25% or 0.3%, to 
not more than about 1.25% chromium, up to 1.5% iron, 
up to 3% manganese, and the balance essentially copper. 

In referring to copper as constituting the “balance” or 
“essentially the balance” of the alloys it is to be under 
stood that other constituents can be present, including 
incidental elements, e.g., deoxidizing elements and impuri 
ties ordinarily associated therewith in small amounts 
which do not adversely affect the basic characteristics of 
the alloys. Sulfur, oxygen, nitrogen, hydrogen should be 
kept to levels consistent with good commercial processing 
practice. Auxiliary elements can. be present such as up to 
0.12%, e.g., up to 0.03%, carbon; up to 0.3%, e.g., up to 
0.1% titanium; up to 0.3%, e.g., up to 0.1%, aluminum; 
up to 0.3%, e.g., up to 0.1%, silicon; up to less than 
0.5%, e.g., up to less than 0.15%, zirconium; up to 0.5 %, 
e.g., up to 0.1%, columbium; up to 0.15%, e.g., up to 
0.05%, beryllium; up to 3%, e.g., up to 0.5%, cobalt; up 
to less than 0.1%, e.g., less than 0.05%, cerium, and up 
to less than 0.1%, e.g., less than 0.05%, magnesium. 

:In carrying the invention into practice, the nickel 
should not fall below 13%, and advantageously is at least 
15%; otherwise, impingement erosion suffers. On the 
other hand, exceeding a level of 37% is not warranted in 
terms of additional cost versus the magnitude of what 
might be derived by way of other bene?ts. While alloys 
in accordance herewith are useful in corrosive environ 
ments other than salt water, seawater and the like, in the 
case of the latter when the nickel content is from 13% 
to, say, about 25% or 28% a small but elfcctive percent 
age of iron should be present since it has been deter 
mined that the alloys otherwise tend to undesirably ex 
hibit the phenomenon known as “parting” corrosion, 
sometimes referred to as “selective” or “preferential” cor 
rosion. Usually, this takes the form of a porous copper 
mass on the surface and is generally observable to the 
naked eye. It is decidedly bene?cial, therefore, for sea 
water corrosion (and for brackish and polluted waters as 
well) that the percentages of nickel and iron be cor 
related as to be represented by a point within the shaded 
area of FIG. 1. 

However, at nickel levels of about 28% or more, "part 
ing” corrosion is not of particular concern using conven 
tional heat treatments. But iron, the constituent which 
e?ectively counteracts this phenomenon has been found 
to reverse its bene?cial role by contributing to localized 
attack (crevice and pitting) in quiet and low velocity, 
say, below about 10 f.p.s., when present to the excess. 
Accordingly, in seeking optimum results in inhibiting sea 
water attack, iron should not exceed 0.65% and prefera 
bly is below 0.6%, e.g., 0.5%, when the nickel is ap 
proximately 28% and above. In environments of high 
velocity only, i.e., above 10 or 15 f.p.s., the iron content 
can be extended above 1% and up to 1.5 % at such nickel 
levels. 
Chromium is the constituent responsible for the en— 

hanced resistance to high velocity impingement erosion. 
With percentages much below 0.15%, this elfectiveness 
is impaired. If high velocity conditions (up to 50 f.p.s.) 
were all that would be envisaged in a given application, 
the chromium level can be as high as 1.25%; however, 
it has been found that such percentages display a marked 
propensity to promote crevice and pitting attack in stag 
nant, quiet and slowly moving seawater. Thus, the chro 
mium should not exceed about 1% for overall crevice, 
pitting and impingement resistance, and a range of from 
0.3% to 0.7% or 0.75% has been determined as o?ering 
particularly outstanding characteristics since even as the 
1% chromium level is approached the capability to re 
duce impingement erosion is lessened. 
With regard to other constituents, it is virtually impos 

sible to avoid the presence of carbon (it is introduced 
through scrap, crucibles, carbon stirring rods, fuels, etc.), 
and though it can be present up to 0.12% it, nonetheless, 
should be held to 0.04% or less, a range of 0.001% to 
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0.03% being quite satisfactory. A small amount of titani 
um, 0.05% to 0.25%, and/ or aluminum, 0.05% to 0.25 %, 
is quite useful for deoxidation purposes and in contribut 
ing to good hot working characteristics. Elements such as 
vanadium can be tolerated but can deleteriously affect cor 
rosion resistance and is not recommended, apart from be 
ing not essential. 

While the alloys can be prepared and treated using 
conventional techniques, it is much preferred, as will be 
demonstrated herein, that annealing treatments be con 
ducted at temperatures well below 1850" F., a tempera 
ture range of 1100“ F. to 1650° F., particularly from 
1200° F. to about 1500° F. being especially satisfactory. 

In order to give those skilled in the art a better ape 
preciation of the invention, the following illustrative data 
are given. 
A series of alloys were prepared generally using ma 

terials of high purity including the electrolytic forms of 
copper, nickel and chromium. The copper and nickel were 
?rst melted down and the chromium thereafter added fol 
lowed by deoxidants, etc. ingots formed, were hot worked 
and subsequently cold rolled to %" strip. Intermediate 
anneals were used as is customary, the ?nal annealing 
treatment being between about 1200“ F. to 1350“ F. 
which was followed by air cooling. Using the well-known 
BNFMRA test, specimens (duplicate for the most part) 
were exposed for 56 days to seawater attack at a velocity 
of 25 f.p.s. at the world famous marine corrosion labora 
tory in North Carolina. Compositions both within (identi 
?ed by numerals) and without (designated by letters) the. 
invention were tested and are reported together with the 
impingement erosion results in Table I. The panel speci 
mens were 31/2" x 1/2" x 14;" and the seawater tempera 
ture was about 23-26‘7 C., except in a few instances in 
which it was approximately l4—16° C. 

TABLE I 

Max 
Percent W 1 imp 

— t. oss, de th 
Alloy Ni Cr Fe Mn Cu lug/0111.2 iinlé 

70/30 Cupronlckel 

A _________ _- 30.7 N.a. 0.01 0.45 an... 1g 1g 

N.a. 0.48 0.54 130.1... 1% 
N.a. N.a. N.a. Bal--- 03.4 18 
N.a. 0.69 Na. Bal--. 10.9 20 
N.a. 0.05 N01. Bal.-- 22.5 9 
0.15 0.05 0.51 Bel-. g 
0.27 0.00 0.52 Bel-- 

0.27 0.10 0.52 B21.--{ <} 
0.32 0.20 0.55 Bal_._{ g-g } 
0.32 0.48 0.53 Bal-.- 2'? i 
0.57 0.05 ...... __ Bel-- 1 

7 ......... "30.5 0.50 0.10 0.53 Bal__.{ <1 
33.0 0.75 0.10 ...... .- Bal--. 0.2 1 

0 ......... “30.7 0.55 0.05 0.40 Bal-.- 5-: i 
10-_-___-._-a0.5 0.75 0.05 0.27 Bel..- 4.4 <1 

<1 
11 ........ _- 30.9 v 0.39 0.01 0.17 Bel--. 2.s{ <1 

1-2 
12 ........ .-a1.2 0.24 0.77 <0.1 B21... 41 <1 

' <1 

12.2 2-5 
is ........ -_ 30.4 1.15 0.05 0.40 Bal--- 12.3 1 

......... __ 2 

75/26 and 80/20 Cupronickel . 

1.35 0.15 Na. Bel-.- 41.3 1 
1.35 0.20 N.a. Bel.-- 41.2 12 
2.10 0.24 N.a. Bel--. 47.2 0 
Ne. 0.001 Nil Be]... 40.2 10 

0.35 0.05 0.40 B211... 5:‘; __ 1 

N51. <0.05 0.07 Bal..- 33:3 Na. 1.2 0.10 Bal.-. 3% i 

15____.___- 22.2 0.40 <01 0 2s Bal_-_. <1 

See footnotes at end of table. 
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TABLE I—Continued 

Max. 
Percent imp. 

Wt. loss, depth , 
Alloy Ni Cr Fe Mn Cu mg_/gm_2 mils 

85/15 Cuproniekel 

M ........ .. 15.0 0.11 0.04 0.50 Bal... 

1e ........ -. 15.7 0.25 0.04 0.52 Bal-.. g 

17 ________ .. 15.7 0.37 0.04 ...... .- B111___{ 3:: g 

18 ________ __ 15.9 0.50 0.28 0.40 Ba1__.{ 1%) g 

19 --------- -- 15-6 0-44 0-38 048 B9,]____{ g 

20 ........ -- 15.7 0.73 0.24 0.49 Ba1__-{ 3:2 3 

21 ........ -- 15.7 0.30 0.23 0.38 Bal.._{ % 

l Alloy D contained 0.55% vanadium. 
1 Alloy E contained 0.56% vanadium. 
NOTE.—A11oys A and B were commercially produced. Alloys 0 and 8 

were vacuum melted, air melting being otherwise used. 

H O 

Again, it will be noted that the results of the alloys 
(Alloys 10, 11 and 22-24) containing chromium were 
signi?cantly superior to the chromium-free alloys. 
As indicated above, whatever improvement is attained 

in minimizing high velocity impingement corrosion in sea— 
water and the like it would be to little avail for a vast 
number of commercial applications if localized corrosion 
was detrimentally affected in quiet or low velocity sea 
water. In this regard, specimens were also subjected to 
tests in both quiet seawater and seawater ?owing at a 
rate of 2. f.p.s., the results of which are set forth in Table 
III. In this instance, the corrosion rate in mils per year 
(m.p.y.) as well as crevice corrosion data, taken at the 
location at which the specimens were secured in their 
holders, the holders, in effect, forming a crevice and also 
pitting elsewhere on the panel specimens were determined. 
Tests were conducted for a period of 6 months in all 
instances. 

TABLE III 

Seawater corrosion behavior 

Quiet 2 feet /s eccd 
Percent 

Rate Else- Rate Else 
Alloy Ti Cr Fe Mn (m.p.y.) Crev. where (m.p.y.) Crev. where 

70/30 Cupronickel 

31.0.. 0.30 <0.1 0.433 <1 <1 0.7 1 <1 
30.7 0. 69 0.8 19 9 1.4 3 2 
31.2 .- 0.03 0.42 0.33 <1 1 .45 <1 <1 
30.8 5 0. 05 0.51 0.5 1 <1 1 <1 <1 
30.3 0.27 0.06 0.52 0.4 <1 <1 0.8 <1 <1 
30.0 0.32 0.29 0.55 0.3 <1 <1 0.2 2 <1 
30.3 0.32 0.48 0.58 0.3 1 <1 0.7 3 <1 
30.1 0.54 0.47 0.48 0.3 1 <1 0.7 1 1 
30.5 0.75 0.05 0.27 1.2 5 <1 2.0 7 3 
31.2 0.24 0.77 <0.1 0.9 4 <1 2.0 10 7 
30.4 1.15 0.05 0.48 0.5 1 2 1.2 2 3 
31.4 1.35 0.29 N.a. 1 7 4 2.6 5 8 

75/25 and 80/20 Cupronickel 11 

0.45 0.01 ...... -- 0.6 3 2 0.7 1 
0.35 0.05 0.40 0.5 <1 <1 0.4 1 <1 
0.40 <0.1 0.28 0.5 <1 <1 0.5 1 <1 

85/15 Cupronlekel 

0.25 0.04 0.52 0.8 <1 <1 1.2 <1 <1 
0.28 0.40 0.51 0.5 <1 <1 0.8 <1 <1 
0.50 0.28 0.46 0.5 <1 <1 1.1 <1 <1 
0.73 0.24 0.49 0.6 <1 <1 0.9 <1 <1 

From a perusal of the data set forth in Table I it will It will be observed the data re?ect that the chromium 
be noted that amounts of chromium contemplated here- containing alloys within the invention compared quite 
with consistently improved impingement erosion over the favorably to cupronickels of the conventional type‘. It 
full range of alloys tested. 60 is Worthy of mention to point out that Alloys 10 and‘ 12 
While the data in Table I concern a jet test conducted relatively high in iron content did exhibit a susceptibil 

at 25 f.p.s., representative results are given in Table II ity to attack. As indicated previously herein, for alloys 
in which the BNFMRA tests were conducted at '10 and 15 containing above about 25% nickel the iron content 
f.p.s., respectively for a 70/30 cupronickel. should not exceed 0.6% or 0.65% in applications where 

65 the alloys will be exposed to quiescent or low velocity 
TABLE II seawater use. 

weightless, Maxim“ The purpose of the data set forth in Table IV is to 
Percent mg. 0111.1 depth, mils a?Ford an indication of what might be expected in terms 

Alloy Ni Cr Fe Mn 101.113. 15 fps. 10 1.11.5. 15 i.p.s. 0f “Parting” Corrosion in both quiet and low Velocity 
N 31 12 70 seawater (2 f.p.s.) when the proper correlation between 
22"“ 3 nickel and iron is not observed. While the test is based 

% upon visual inspection, it is nonetheless considered that 
8 alloys in which a moderate amount of “parting” corro 
% sion occurred would be unsuitable for long term seawater 

75 systems. However, by maintaining the nickel-iron relation 
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such that it is represented by a point within the shaded 
area of FIG. 1, this adverse effect is greatly minimized. 

and brackish, polluted and fresh waters. In addition to 
marine environments, including marine atmospheres, 

TABLE IV 

Percent Parting corrosion 

Cr Fe Mn Cu Quiet 2 f.p.s. 25 !.p.s. 

. 15 .05 .51 

.32 . 29 .55 

. 52 . 05 .40 Bal 

.35 .05 .40 Bal--- Slight“--- Nil- ____ -. 

.40 <0. 1 .28 Bal ____ -_d0-.. Slight".- 

. 37 0. 04 . . Moderate 

. 45 . 04 

. 87 .09 

. 73 .24 

. 50 . 28 

. 28 . 46 

. 44 . 47 

As has been previously indicated above herein, ?nal 
annealing treatments of 1850° F. and upwards are con 
siderably less advantageous than those conducted at lower 
temperatures, e.g., 1250“ F.-l350° F. This is illustrated 
by the data in Table V, the data generally indicating a 
superior resistance to impingement erosion with the lower 
temperatures. In this connection, the grain size of the 
alloys in accordance herewith should preferably not ex 
ceed about 0.05 millimeter. 

) 

oceanography, desalination equipment, the instant alloys 
and components fabricated therefrom can be gainfully 
used in ammoniacal and sulfur bearing environments: 

Although the present invention has been described in 
conjunction with preferred embodiments, it is to be un 
derstood that modi?cations and variations can 'be resorted 
to without departing from the spirit and scope of the‘ in 
vention as those skilled in the art will readily understand. 
Such modi?cations and variations are considered to’be 

TABLE V 

Corrosion 
Percent rate (m.p.y.) Maximum 

implngment 
Cr Fe Mn Heat treatment Quiet 2 i.p.s. depth, mils 

0. 27 0. 06 0. 52 1,250° F./A.C..-- 0- 4 0. 8 1 
0. 27 0. 06 0. 52 1,850° F./W.Q,_ __ 0. 9 1. 4 3 
0'- 27 0. 16 0- 52 1, 250° F./A.C - .... 0- 3 0- 4 1 
O. 27 O. 16 0. 52 1,850° F./W.Q,-_. 0. 4 O- 4 1. 5 
0. 32 0. 29 0. 55 1,250“ F./A.C-___ 0. 3 0. 2 l 
0. 32 0. 29 0- 55 1,550° F./W.Q_ __ 0. 8 1. 8 6 
0. 32 0. 48 0. 58 l,250° F./A.C_-__ 0. 3 0. 7 1 
0. 32 0. 4B 0. 58 1,850° F./W.Q_ _. 0. 3 l. 1 3 
0. 50 0. 16 0. 53 1,2500 F./.A.O_-__ 0. 3 0- 6 l 
0. 50 0. l6 0. 53 1,950° F.IW.Q- _- l. 2 1. 2 3 
0. 52 0. 05 0. 40 l,950° F./W.%’. -_ 0. 9 2. 0 6 
0. 52 0. 05 0. 40 1,950° F./W. --- 0. 9 2. 0 5 
0. 54 0. 47 0. 48 1,250° F. A.C-_-_ 0. 3 0. 7 1 
0. 54 0. 47 0. 48 1,950° F.[W.Q,_ .- 0. 4 3. 3 3 
0. 55 0. 29 0. 50 l,250° F./A.C._-. 0. 4 0. 5 1 
0- 55 0. 29 0. 50 l,950° F. .Q- .. 0. 6 1. 1 4 

NorE.-A.C.=Air cooled. W.Q.=Water quenched. 

Since the subject alloys are primarily intended for sea 
water and salt water applications and also brackish, 
polluted and fresh water, especially for tubing and piping, 
a particular attribute of the alloys is that impingement 
erosion attack being reduced thinner wall sections can 
be utilized than otherwise might be the case. This is a 
decided economic advantage. 

In addition to the alloys above described the following 
are particularly advantageous: from 14% to 17% nickel, 
up to 0.6% or 0.5 % iron the nickel and iron being related 
to fall within the shaded area of FIG. 1, from 0.25% 
to 0.75% chromium, up to 1% or 2% manganese, the 
balance essentially copper. The same chromium, man~ 
ganese and iron percentages afford outstanding results 
with nickel ranges of 18% to 22%, 23% to 27% and 
from 28% to 33%. In elfect, such constituents and ranges 
run the full nickel complement of 15% to 37%. It should 
be added that the chromium content should be “elfective 
chromium,” i.e., chromium in virtually uncombined form; 
otherwise, its effectiveness can be impaired. For this 
reason, carbon should preferably be held to not more 
than 0.03%. 

In addition condenser and heat exchanger tubing, pip— 
ing and other articles mentioned before herein, other 
fabricated products can be manufactured from the alloys 
in accordance herewith, including ?anges, wrought valves, 
valve stems, exhaust lines, capillary tubing, oil coolers, 
shaped tubing for desalination processes, screens and ?l 
ters for seawater, wire for moorings, etc. Such articles can 
be and are collectively referred to as wrought, fabricated, 
structural components. The term seawater for purposes 
herein and in the claims is intended to include salt water 
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within the purview and scope of the invention and ap 
pended claims. 
We claim: 
1. As a new article of manufacture, a wrought, fab 

ricated structural component formed from a corrosion re 
sistant copper-nickel alloy consisting of more than 15% 
and up to 25 % nickel, iron present in an amount up to 
1.5% with the proviso that the nickel and iron are cor 
related so as to represent a point within the shaded area of 
the accompanying drawing whereby resistance to parting 
corrosion is enhanced, a small 'but eifective amount of 
chromium su?icient to improve the resistance of the com 
ponent to high velocity seawater impingement erosion, 
the chromium content being not greater than about 
0.75%, up to 3% manganese, up to 0.12% carbon, up to 
0.3% titanium, up to 0.3% aluminum, up to 0.3% silicon, 
up to 0.5% columbium, up to 0.15% beryllium, up to 
3% cobalt, up to 0.1% cerium, up to 0.5% zirconium, 
up to 1% magnesium, and the balance essentially copper. 

2. A component in accordance with claim 1 in which 
the chromium content is about 0.25% to about 0.75%. 

3. A component in accordance with claim 1 in which 
the nickel is about 18% to about 22%. 

4. A copper-nickel alloy characterized by improved re 
sistance to high velocity seawater impingement erosion 
and consisting of more than 15% and up to about 25% 
nickel, iron present in an amount up to 1.5%, with the 
proviso that the nickel and iron are correlated so as to 
represent a point within the shaded area of the accom 
panying drawing whereby reistance to parting corrosion 
is enhanced, a small but effective amount of chromium 
slt?iQieut to improve the resistance of the alloy to high 
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velocity seawater impingement erosion, the chromium 
content being not greater than about 0.75%, up to 3% 
manganese, up to 0.12% carbon, up to 0.3% titanium, up 
to 0.4% aluminum, up to 0.3% silicon, up to 0.5% colum 
bium, up to 0.15% beryllium, up to 3% cobalt, up to 
0.1% cerium, up to 0.5 % zirconium, up to 1% magnesi 
um, and the balance essentially copper. 

5. An alloy in accordance with claim 4 in which the 
chromium is about 0.25% to about 0.75%. 

6. An alloy in accordance with claim 5 containing 
about 18% to about 22% nickel. 

7. An alloy in accordance with claim 4 in which the 
carbon content does not exceed 0.03%. 
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