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This invention relates to clad alloy metal for corrosion 
resistance and more particularly to cladding of copper 
nickel alloy material for inhibiting corrosion of the base 
alloy. 
The prevention of corrosion has always been a major 

problem in the metal fabricating industries. Reasonably 
effective protection has been achieved in the past by ap 
plying surface coatings of such nature as to obtain physical 
protection by reason of the covering of the base metal. 
The measure of protection afforded by such covering 
layers is of course limited since fabricating and usage 
conditions frequently expose the base metal thereby mak 
ing it subject to attack. The most effective protection 
has been found to be that which affords not only the 
physical protection of covering the base metal but also 
protects the base metal by electrolytic action. Such pro 
tection has been achieved by covering the ‘base metal with 
such metals as aluminum, aluminum alloys and zinc. 

Copper-nickel alloys have been used in the past for 
fabrication of metal articles which are subjected to sea 
water exposure in normal usage. It has been found 
that such alloy materials may be e?fectively protected from 
corrosion by applying zinc coatings or by using a zinc 
protective or sacri?cial anode which has electrical con 
nection to the base alloy ‘and is preferentially corroded 
with regard to the base alloy. However, it has been 
known that the protection afforded by such means is un 
satisfactory for the reason that the rate of zinc corrosion 
is extremely rapid. The thickness of the coating or the 
quantity of sacri?cial anode must therefore be extremely 
large in order to meet life-test requirements. These fac 
tors are of extreme importance in the fabrication of sea 
water heat exchangers such as are in common use in water 
vehicles since economy, maintenance and weight factors 
require that the heat exchanger design be such as to re 
sist corrosion over long periods of time in order to mini 
mize operational delays for tear down and maintenance 
while at the same time achieving economy of space and 
weight. 

It is therefore an object of my invention to provide 
corrosion resistant clad copper-nickel alloy which will 
provide corrosion protection over extended periods of 
time; it is a further object of my invention to provide a 
corrosion resistant clad copper-nickel alloy in which the 
cladding material contains substantially the same constit~ 
uents as that of the base alloy. It is a further object 
of my invention to provide a heat exchanger wherein the 
surfaces are protected from corrosion by means of a cop 
per-nickel alloy coating containing substantially the same 
constituents as' those of the base metal. It is a still further 
object of my invention to provide a brazed heat exchanger 
adapted for salt water exposure wherein the copper-nickel 
base alloy is protected from corrosion by means of a cop 
per-nickel alloy coating containing different percentages 
of the constituent materials contained in the base alloy. 

These and other objects of my invention are attained 
by providing the base copper-nickel alloy with a copper 
nickel alloy coating containing different weight percent 
ages of the same constituents contained in the base ma 
terial. 
The nature of my invention will be apparent to those 
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skilled in the art from the following description as read in 
connection with the drawing in which: 
FIGURE 1 discloses a broken out portion of a heat 

exchanger embodying the principles of my invention in 
plan view and in which 
FIGURE 2 shows an enlarged cross-sectional view of a 

typical heat exchanger tube taken on line 2-2 of FIG 
URE 1. 
Having reference now to FIGURE 1 of the drawing, 

there is shown a portion of a heat exchanger embodying 
the principles of my invention in which a plurality of 
tubes '1 extend between and interconnect an inlet header 
3 and an outlet header 5 in order to permit one medium 
of the heat exchange system to flow through the tubes for 
heat exchange contact with another medium ?owing over 
the tubes. 
The heat exchanger shown on the drawing is particu 

larly adapted for applications involving exposure to sea 
water, the base material of the heat exchanger elements 
being formed of a copper-nickel alloy well known in the 
art for such purposes. As is shown more clearly in 
FIGURE 2, the individual tubes 1 are formed by inter 
connecting two half-tube sections 7 and 9 having their side 
edges 11 and 13 formed so as to over-lap one another 
to create a tubular member 1. The half-tube sections 
are interconnected at the overlapping edges 11 and 13 
by means of any suitable method such as brazing or weld 
ing in order to create a fluid-tight seal. The intercon 
nection .15 shown on the drawing is preferably attained 
by brazing with copper foil. A cladding layer 17, more 
particularly described hereinafter, is provided on the 
outer surface of the tubes 1 to inhibit corrosion of the 
base metal. 
The material most commonly used in applications in 

volving sea water exposure are those compositions com 
monly known in the art as 70-30 and 90-10 copper-nickel 
alloy. The chemical composition of each of these alloys 
as hereinafter referred to in the speci?cation and claims 
is shown in Table I below in terms of weight percentage: 

Table I 

70-30 90-10 

Copper (min.) _______________________________ -_ 64. 85.0 
Nickel _______________________________ __ 29.0-32; 0 9 0—11.0, 
Zinc (113m)." . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ 1.0 1.00 

on 0 40-0. 70 1 00—1. 75 
Lead (max.) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ 0.0 0.05 

Manganese (max.)_.______ _______________ __ 1. 00 0.75 
Copper plus sum of named elements (min.)__. 99. 50 99. 50 

The remaining 0.50% may be trace elements such as car 
bon, titanium, silicon, aluminum, tin, sulfur and others. 

I have found the ‘90-10 alloy to be di?’icult to fabri 
cate where such techniques as brazing and welding are 
utilized since the melting point of this composition is 
relatively low and is about 21100" F. The brazing of 
sheets formed therefrom is di?icult to control and results 
in frequent burning through of the material at the brazing 
points. Compositions of the 70-30 type are preferred for 
the base tube material since the melting point is appreci-V 
ably higher, about 2250° F., and brazing techniques may 
be employed with uniformly satisfactory results without 
the necessity for using unusual processing controls. ' 

As'pointed out above, corrosion resistance had been 
obtained in the past when using 70-30 copper-nickel alloys 
for salt water heat exchange material by providing a heavy 
sacri?cial zinc anode which was electrically interconnected 
with the heat exchanger. vIt is obvious that such protec 
tive measures are unsatisfactory by reason of the expense 
and design problems involved and the need for frequent 
maintenance during service. 
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I have discovered that very effective corrosion resistance 
is achieved by providing the 70-30 base material with a 
clad or coating of 90-10 copper-nickel alloy. It has been 
found that this cladding alloy is anodic to the base alloy 
and therefore will protect it through galvanic action. 
That is, if corrosion attack occurs, it will concentrate 
on the relatively thin layer of the cladding material, and 
the basic alloy material will not be attacked as long as the 
cladding material is present. This is, in essence, the well 
known principle of galvanic corrosion, but is controlled 
and applied to achieve the useful purpose described. It 
has been found that the potential of the 70-30 base copper 
nickel alloy is about ——0.25 volt with reference to a sat 
urated Calomel half cell whereas that of the 90-10 copper 
nickel alloy cladding is about —0.27 volt. It is thus ob 
vious that while the cladding alloy is anodic to the base 
alloy, their potentials are so close that the rate of galvanic 
corrosion of the cladding material is extremely slow with 
the result that heat exchangers utilizing extremely thin 
cladding layers may be utilized without fear of corrosion 
of the base alloy over long periods of operation. 

I have found that a heat exchanger using tubes formed 
of my clad sheet material having a total thickness of 
about 0.021” with the thickness of the cladding being 
about one-sixth to one-third of the total thickness or 
0.0035" to 0.007" results in a unit having extremely long 
life cycle characteristics. A further advantage resulting 
from the use of 90-10 copper-nickel alloy as cladding for 
a 70-30 copper-nickel base alloy is that appreciable sav 
ings in the use of nickel, a strategic material, are achieved. 
Also, it has been found that the 90-10 alloy inhibits foul 
ing of the heat exchanger due to the growth of sea water 
animal life on the metal surfaces. 

I have found that a heat exchanger formed of 70-30 
copper-nickel base alloy of about 0.014" thickness of the 
following composition in terms of weight percent: 

copper ___ ____ ___ 69.0 

nickel ____________________________________ __ 29.3 

zinc __ 0.3 

iron ______________ -= _____________________ __ 0.6 

lead _____________________________________ __ 0.03 

manganese ____ ___ __ 0.4 

and having a cladding of 90-10 copper-nickel alloy of 
about 0.0035" thickness of the following composition: 

copper _ _____ 88.7 

nickel _ 9.1 

zinc 0.3 
iron _ _ 1.2 

lead 0.04 
manganese ___- __ 0.3 

resulted in a successful life-test of more than two years 
in duration under sea water exposure conditions. It was 
unnecessary to tear down the exchanger for repair and/ or 
replacement of parts during this entire period. 

It is apparent from the foregoing description that I have 
provided a clad alloy material having high resistance to 
corrosion and being adapted to be formed into sheets for 
the fabrication of such devices as sea water heat ex 
changers. The cladding may be applied to the base ma 
terial in either sheet form or ingot form, the cladding be 
coming alloyed with the base material during the hot 
working and subsequent fabricating operations. The clad 
ding may be applied in other ways well known to the 
art, such as by dipping or spraying, the cladding operation 
forming no part of my invention. 
While I have described my invention with particular 
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4 
reference to salt water heat exchangers, it should be 
recognized that this corrosion inhibiting clad alloy may be 
used in other devices and that the cladding may be ap 
plied to more than a single surface of the base alloy ma 
terial. These and other embodiments of my invention 
will be apparent to those skilled in the art from the fore 
going description and such embodiments are to be con 
sidered as within the intended scope of the claims which 
follow. 

I claim: 
1. A corrosion resistant metal alloy material consisting 

of a base copper-nickel alloy metal having metallurgically 
bonded thereto as cladding a layer of copper-nickel alloy 
metal having substantially the same constituents as the 
base metal but in differing amount by weight so that the 
potential of the cladding is more negative than but close 
to that of the base metal, said base metal being formed 
of 70-30 copper-nickel alloy and said cladding being 
formed of 90-10 copper-nickel alloy. 

2. A corrosion resistant metal alloy material consisting 
of a base copper-nickel alloy metal having metallurgically 
bonded thereto as cladding a layer of copper-nickel alloy 
metal having substantially the same constituents as the 
base metal but in differing amount by weight so that the 
potential of the cladding is more negative than but close 
to that of the base metal, said base metal being formed 
of copper 69%, nickel 29.3%, iron 0.6%, manganese 
0.4%, zinc 0.3% and lead 0.03%, and said cladding being 
formed of copper 88.7%, nickel 9.1%, iron 1.2%, man 
ganese 0.3%, Zinc 0.3% and lead 0.04%. 

3. In a heat exchanger adapted to withstand the cor 
rosive effects of salt water and comprising inlet and outlet 
headers and heat transfer tubes interconnecting said head 
ers, said heat transfer tubes being formed of a corrosion 
resistant metal alloy material consisting of a base 70-30 
copper-nickel alloy metal having metallurgically bonded 
thereto as cladding a layer of 90-10 copper-nickel alloy, 
the potential of the cladding being more negative than 
but close to that of the base metal, the thickness of the 
cladding being at least about one-sixth the total thickness 
of the tube material. 

4. In a heat exchanger adapted to withstand the cor 
rosive effects of salt water and comprising inlet and outlet 
headers and heat transfer tubes interconnecting said 
headers, said heat transfer tubes being formed of a cor 
rosion resistant metal alloy material consisting of a base 
copper-nickel alloy metal having metallurgically bonded 
thereto as cladding a ‘layer of copper-nickel alloy, the po 
tential of the cladding being more negative than but close 
to that of the base metal, the thickness of the cladding 
being at least about one-sixth the thickness of the tube 
material, said base metal being formed of copper 69%, 
nickel 29.3%, iron 0.6%, manganese 0.4%, zinc 0.3%, 
and lead 0.03% and said cladding being formed of copper 
88.7%, nickel 9.1%, iron 1.2%, manganese 0.3%, zinc 
0.3%, and lead 0.04%. 
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