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This invention relates to aluminum-base alloys and to 
composite aluminum-base metals having improved resist 
ance to corrosion. These materials are especially suited 
for uses involving exposure to supply waters, as for do 
mestic and industrial water heaters and associated Water 
handling equipment. 
Home hot water heater tanks of cast-iron or galvanized 

steel construction are generally unsatisfactory because of 
susceptibility to corrosion which necessitates frequent re 
placement. The product of corrosion contaminates the 
water and is the source of another main objection to 
use of tanks of this type construction. Tanks of gal 
vanized steel construction are limited to a maximum water 
temperature of about 140 F., furthermore, since at higher 
temperatures the zinc no longer protects the steel body of 
the tank and rapid corrosion ensues. This temperature 
limitation is a considerable disadvantage because hotter 
water is often required, as for efficient operation of home 
dishwashing equipment. These problems can be avoided 
through use of premium quality home hot water heater 
tanks which are commercially available and which are 
frequently installed as replacements for galvanized or cast 
iron home hot water heater tanks after their failure. 
One type of premium tank which is sold with a guar 
anteed service life of fifteen years is constructed from 
glass-lined steel. Tanks of glass-lined steel construction, 
although generally satisfactory, are more expensive than 
the galvanized steel tanks, are heavier and consequently 
more difficult to handle without specialized equipment 
during installation, and normally require the use of sac 
rificial anodes. In addition, it is extremely difficult to 
manufacture a closed vessel having a glass lining which 
is free of flaws and imperfections. A glass lining is 
fragile and is susceptible to chipping, cracking and 
spalling, due to normal knocks and bumps incidental to 
shipment, storage, and installation. Once the integrity 
of the glass lining is destroyed, through any cause, cor 
rosion of the steel shell follows rapidly and proceeds to 
the point where the shell is pierced. The tank must be 
replaced when the shell is pierced as repair in the field 
is generally not practical. To assure an adequate service 
life, sacrificial anodes may be employed which corrode 
preferentially and protect the metallic shell in the event 
that the glass surface is not intact. When anodes such 
as magnesium are used, the hydrogen which forms in the 
tank during the corrosion of the magnesium presents a 
potential explosion hazard unless proper venting is pro 
vided. An additional disadvantage of the glass-lined steel 
construction is poor heat transfer characteristics. When 
using a direct fired burner for heating a glass lined hot 
water heater tank, it is necessary to operate the burner 
at a higher temperature than for a galvanized steel tank 
in order to obtain the same internal tank surface tempera 
ture. Because the tank internal surface temperature de 
termines the rate of heating of the contents and, ulti 
mately, the maximum temperature of the contents, it is 
obvious that the glass-lined steel tank is at an additional 
disadvantage in this respect. More fuel must be con 
sumed, furthermore, since a hotter flame means more heat 
lost up the flue in heating the glass-lined steel tank at 
comparable rates and to the same final hot water tem 
perature. Copper construction tanks and Monel metal 
construction tanks have both been offered, but the pro 
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hibitively high cost of these metals precludes their ex 
tensive use. 
Aluminum tanks possess the advantages of lightness 

of weight, which reduces the labor and cost of installation, 
heat transfer properties which are even superior to those 
of galvanized steel and cast-iron, and generally good re 
sistance to corrosion. Moreover, any corrosion products 
which do form are colorless and non-toxic. Aluminum 
hot water heater tanks operate satisfactorily, furthermore, 
at water temperatures of 180° F. Home hot water heater 
tanks of aluminum are conventionally fabricated from 
clad alloys composed of two or more tenaciously adhering 
layers each contatining aluminum as the major constituent. 
A typical composite for use in hot water heater tanks 

has a high strength aluminum alloy core for structural 
strength and an aluminum-plus-zinc alloy cladding to pro 
tect the core from corrosion. One such clad composite 
has a 6061 aluminum alloy core and a 7072 aluminum 
alloy cladding. 6061 aluminum alloy is the Aluminum 
Association designation for a heat-treatable wrought alu 
minum-magnesium-silicon alloy having a nominal compo 
sition of 1.0% magnesium, 0.6% silicon, 0.25% copper 
and 0.25% chromium; and 7072 aluminum alloy has a 
nominal 1% zinc in a commercial purity aluminum base. 
However, home hot water heater tanks fabricated from 
this cladding-core combination do not give satisfactory 
service in many sections of the country. 

It is a particular object of this invention, therefore, to 
provide novel aluminum alloys and aluminum-base met 
als having improved resistance to corrosion in supply 
waters. A further object is to provide a novel composite 
aluminum product in which solution potential between 
the core composition and the cladding is sufficient to pro 
vide sacrificial protection of the core over a broad pH 
range. 

It has been found that greatly improved corrosion re 
sistance is exhibited by cladding-core combinations in 
which the cladding contains about 1% zinc and no more 
than 0.01% copper. Such a composition is conveniently 
'obtained by alloying about 0.8-1.3% zinc with aluminum 
of at least 99.8% purity. In addition, the result is further 
enhanced by employing a core alloy of aluminum which 
contains from about 0.6% to about 1.2% copper. Such 
a system makes possible the attainment of sufficient po 
tential difference between the cladding and the core that 
satisfactory protective current is developed over a wide 
pH range. This assures that the cladding will remain 
anodic to the core when the composite is exposed to any 
of a variety of supply waters encountered in the use of 
domestic and industrial water handling equipment. 
A simple utilization of the invention may be illustrated 

by appropriate modification of the standard 6061-7072 
composite. The following composition limits are then 
applicable: 

Core Cladding 

ision:::::::::::::::::::::::::::: 94-0 8 0.7 Si-Fe 
Copper------ 0.6-1.2 0.01 
Manganese-- 0.15 0.0 
Mangesium 0.8-1.2 0.10 
Chromium- 0.15-0.35 ------------- 
Zinc--------- 0.25 0.8-i.3 
Titanium------------------------- ---- 0.15 -------------- 
Others, each---------------------- ---- 0.05 0.05 
Others, total.--------------------- ---- 0.15 0.5 
Aluminum-------------------------------- Blaance Balance 

NOTE.-Composition is percent Maximum, unless shown as 
a range. 

The potential difference between such cladding and 
core compositions is in the order of 0.15 to 0.20 volt, 
compared to typically less than 0.10 volt for the standard 
6061-7072 coupling. (These values are based upon the 
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recognized practice of measuring solution potential in a 
one normal sodium chloride solution containing 0.3% 
hydrogen peroxide, against a one-tenth normal calomel 
electrode.) Correspondingly, the environmental protec 

. 

manganese (ordinarily in amounts less than 1%) may 
also be present, particularly in the wrought alloys. 

Accordingly, the invention contemplates improved clad 
composites wherein the core alloy is one of numerous 

tive current furnished by the cladding to the core is in- 5 aluminum alloys which are readily clad with aluminum 
creased. The relative magnitude of improvement which 
can be achieved with the invention is shown by the follow 
ing comparative data for conventional and improved 
cladding on 6061-type alloy cores having various copper 
contents: 

PROTECTIVE CURRENT DEVELOPED (MICRO 
AMPS) 

Core------------------------------------- Percent Copper 

Conven 
tional 0.6 0.8 1.13 
(0.3) 

(a) Conventional (7072).-------------- 830 A40 470 550 
(b) Special (<0.01% Cu.)------------ 440 540 600 700 

These results are quite conservative since the 7072 alloy 
employed actually analyzed at 0.04% copper, well within 
the published limit of 0.10% maximum. 
The criticality of copper relative to other impurities in 

troduced into the cladding by way of the aluminum is fur 
ther emphasized by other findings. For example, it has 
been found that the probability of pitting (in a cladding 
composition composed of aluminum and a nominal 1% 
zinc) is reduced to a level corresponding to maximums 
of 0.10% each of silicon and iron only by limiting the 
copper content to below 0.01%, whereas a copper content 
in the range 0.01-0.10% increases the pitting probability 
to a level about ten times as great as the probability cor 
responding to similar amounts of iron or silicon. 
The concept of limiting impurities in the cladding (es 

pecially the copper content), and particularly together 
with enploying a carefully controlled copper addition to 
the core, has been found to be applicable to a wide range 
of clad products. In general, the core alloy may be based 
upon the wrought aluminum alloys of the 3XXX, 5XXX, 
6XXX and 7XXX series (having a nominal composition 
which includes at least one element selected from the 
group consisting of magnesium, silicon, zinc and manga 
nese), as well as the aluminum-silicon casting alloys. 
Thus, the core may be composed of an aluminum alloy 
having its major alloying constituent selected from the 
group consisting of magnesium, silicon, zinc and manga 
nese, provided the electrode potential thereof is in the 
range of about -0.8 to -0.9 volt. Included are: (a) 
commercial alloys such as 3003, 3004, 5050, 5155, 6061, 
7075 and 7178; (b) the wrought aluminum-magnesium 
silicon alloys generally (including 6053, 6062, and 6063); 
and (c) various casting alloys such as 214, 355, 356 and 
360. Where such an alloy normally contains less copper 
than about 0.6%, it is advantageous in the practice of the 
invention to modify the base alloy by addition of copper 
to achieve the preferred range, even if the resulting po 
tential is somewhat more cathodic than -0.8 volt. 
When the development of optimum physical properties 

is a consideration, a heat-treatable alloy is ordinarily re 
quired for the core. (The term "heat-treatable' is used 
in the accepted sense for alloys which are hardenable by 
thermal treatment.) For that purpose, the preferred 
wrought alloys are those of the aluminum-magnesium-sili 
con and the aluminum-zinc type (i.e., the 6XXX and 
7XXX series alloys). Of the casting alloys, the most 
practical choices are the aluminum-silicon-magnesium 
type (such as 355 and 356). Consequently, the preferred 
heat-treatable core alloys contain up to about 1.5% mag 
nesium (e.g., 0.40-1.2%) and have a silicon content up 
to about 1.8% (e.g., 0.45-1.4%) for wrought alloys and 
in the range of about 5-12% (e.g., 5-9.5%) for casting 
alloys. Other alloying elements such as chromium and 
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alloyed with about 1% zinc, the beneficial result stemming 
largely from control of copper in the cladding. Particu 
larly in the case of wrought heat-treatable aluminum 
magnesium-silicon alloys, furthermore, additional im 
provement results from controlled additions of copper 
to the core alloy. 

For a better understanding of the invention and its 
various objects, advantages and details, present preferred 
embodiments thereof will be described with reference to 
the accompanying drawing. 

In the drawing: 
F.G. 1 is a fragmentary semi-schematic view in cross 

Section of a clad aluminum composite in accordance with 
the invention, illustrating protection of the core by the 
cladding. 

FiG. 2 is a similar view illustrating penetration of a 
core layer by corrosion pitting. 

Referring to FIG. 1, cladding layer 2 is shown bonded 
to core layer 4 along the line 6 representing the face 
of Said core layer. A corrosion pit 8 is shown pene 
trating the cladding layer to exposed surface 10 of the 
core layer. By reason of preferential corrosion of the 
cladding layer, the cathodic core layer is accordingly 
protected. Thus, the exposed face of core layer 10 (at 
the bottom of the corrosion pit which is on the plane of 
bonding depicted by line A-A) is not penetrated. 

In FIG. 2, there is represented the undesirable situa 
tion in which the cladding 2 is cathodic and the core 4 
is anodic, with preferential corrosion of the core. As 
a result, corrosion of the core layer occurs, with an ir 
regular crater 2 being formed at the bottom of the 
corrosion pit 8. When 7072 aluminum alloy cladding 
is used in combination with a 6061 aluminum alloy core 
material, corrosion usually takes the form illustrated in 
FIGURE 2. In accordance with the invention, how 
ever, the pitting normally takes the form illustrated in 
FIGURE 1, even in supply waters that cause the form 
of pitting illustrated in FIGURE 2 to occur in the 7072 
6061 cladding-core composite of the prior art. 
The following examples serve to illustrate the pres 

ent invention: 
Example 1 

A series of tests were performed, using city water 
which was alkaline and included about an equal propor 
tion of carbonate and noncarbonate hardness. After one 
year of exposure, during which water temperatures aver 
aged about 180° F., eight sections of two different water 
tanks were submitted to metaliographic examination to 
determine the depth of pitting in each of the sections. 
Four samples were from a tank made from commer 
cial 7072 alloy (containing 0.04% copper) clad on com 
mercial 6061 alloy (copper 0.15-0.40%), while four 
samples were from a tank made from modified 7072 
alloy (less than 0.01% copper) clad on an alloy similar 
to 6061 but containing 0.8% copper. Pit depths ranged 
from 0.0129 inch to 0.0181 inch in the higher copper 
content core tanks, as compared with depths of 0.0440 
inch to 0.0570 inch in the case of tanks made from stand 
ard alloy. 

Example 2 
Further tests were carried out to evaluate the long 

term corrosion effects for certain core-cladding combi 
nations, using supply waters of 22 cities in the United 
States. Each of these tests was performed in a tank in 
which the water was frequently changed. The tanks 
were located in the respective cities and were furnished 
with the local supply water. Triplicate specimens were 
exposed for a one-year period, and then examined for 
penetration of pitting into the core alloy below the clad 
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ding-core bond. All specimens having the composition 
indicated below showed the desired behavior (typified in 
FIGURE 1): 

Cladding Core 

07 0.62 
0.11 0.42 
008 0.76 

<.01 .05 
K.01 0.98 
.01 0.24 

<.01 < 01 
1.13 05 

-3.0i .04 

In the case of a conventional 6061-7072 combination, 
taken at random from commercial production, the results 
from 18 of the 22 cities showed pitting into the core 
(FIG. 2). 

Example 3 
The following table shows the effect of copper in the 

cladding alloy on the solution potential, the effect of 
copper in the core and the resultant solution potential 
difference. The solution potentials were measured in 
a one normal sodium chloride solution containing 0.3% 
hydrogen peroxide against a one-tenih normal calonel 
electrode: 

Cladding Percent Sol. Core Pergent Sol, Pot, 
Cu Pot., v. Cu Pot., v. Diff., v. 

.003 -0.99 -0, 80 0.19 

.005 -0,96 -0.9 0.17 
, 0. -0.97 -0.78 0.9 
.03 -0.92 -0.82 0.0 
.05 -0.89 -0.82 0.07 

Alloys A-E contained, in addition to copper, 0.8-1.3% 
zinc, and no more than 0.10% iron, 0.10% silicon, 
0.02% others (each), 0.05% others (total), balance 
aluminum. The solution potential differences in alloys 
pairs D:K and E:K is indicative of the result obtained 
with conventional 6061-7072 composites. 

Alloys G, H, and J contained, in addition to copper, 
0.8-1.2% magnesium, 0.40-0.8% silicon, 0.15-0.35% 
chromium, and no more than 0.7% iron, 0.25% zinc, 
0.15% manganese, 0.15% titanium, 0.05% others (each), 
0.15% others (total), balance aluminum. 

While present preferred embodiments and practices 
of the invention have been described, it will be under 
stood that the invention is not limited thereto but may 
be variously embodied and practiced within the scope of 
the following claims. 
What is claimed is: 
1. A composite aluminum-base metal exhibiting su 

perior corrosion resistance, comprising an aluminum alloy 
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core and a cladding on at least one face of the core, the 
core being composed of an aluminum-magnesium-silicon 
alloy consisting essentially of about 0.6-1.2% copper, 
up to about 1.5% magnesium and up to about 1.8% sili 
con, balance substantially aluminum, said core alloy being 
further characterized by having a solution potential of 
about -0.8 volt, and the cladding consisting essentially 
of aluminum alloyed with about 1% zinc, the difference 
in solution potential between the cladding and the core 
being sufficient that the cladding remains anodic to the 
core during prolonged exposure of the composite to Sup 
ply water, said cladding thereby providing sacrificial pro 
tection of the core. 

2. A composite aluminum-base metal exhibiting Su 
perior corrosion resistance, comprising an aluminum alloy 
core and a cladding on at least one face of the core, the 
core being composed of an aluminum-magnesium-silicon 
alloy consisting essentially of about 0.6-1.2% copper, 
0.8-1.2% magnesium, 0.40-0.8% silicon and 0.15-0.35% 
chromium, balance substantially aluminum, said core alloy 
being further characterized by having a solution potential 
of about -0.8 volt, and the cladding consisting essentially 
of aluminum alloy with about 1% zinc, the difference in 
solution potential between the cladding and the core being 
sufficient that the cladding remains anodic to the core 
during prolonged exposure of the composite to supply 
water, said cladding thereby providing sacrificial pro 
tection of the core. 

3. A composite aluminum-base metal exhibiting su 
perior corrosion resistance, comprising an aluminum alloy 
core and a cladding on at least one face of the core, said 
cladding consisting essentially of an aluminum-zinc alloy 
having about 0.8-1.3% zinc and no more than 0.01% 
copper, the balance being aluminum of at least 99.8% 
purity, the core being composed of an alloy which is pre 
dominantly aluminum, and has a solution potential of 
about -0.8 volt, said alloy consisting essentially of about 
0.6-1.2% copper and an intentional addition of at least 
one alloying constituent selected from the group con 
sisting of magnesium, silicon, zinc and manganese, bal 
ance substantially aluminum, the difference in solution 
potential between the cladding and core being sufficient 
that the cladding remains anodic to the core during pro 
longed exposure of the composite to supply water, said 
cladding thereby providing sacrificial protection of the 
COC. 
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