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This application is a continuation-in-part of the appli 
cation Serial No. 60,166, ?led October 3, 1960. 
The present invention relates to aluminum alloys having 

exceptional galvanic properties. More particularly, it 
relates to aluminum alloys from which high galvanic 
currents can be obtained in combination with high gal 
vanic e?iciency. 
As was pointed out in the earlier application, a prob 

lem which has been recognized for a long time in the 
art of use of metals in galvanic applications is that of 
providing a low cost, commercially available metal in a 
form which has desirable galvanic properties for many 
uses. Numerous metals and alloys have been proposed 
for these purposes and a number of metal compositions 
have been found to have galvanic properties which make 
them suitable for particular applications. The degree of 
utility which is found for a particular metal depends, of 
course, on the combination of galvanic properties re 
quired for a speci?c use and on how well this combina 
tion of properties can be met by lower cost metals and 
alloys. ' _ 

While the earlier application referred to above pro 
vided a highly versatile solution to the problem of devel 
oping a variety of aluminum compositions containing tin 
having unique galvanic properties and the methods of 
preparing and using such compositions, there are distinct 
advantages to be obtained from having the unique gal 
vanic aluminum compositions available at lower cost. 

Alloys containing high percentages of tin in aluminum 
have been known and studied for many years and various 
values have been reported for the solubility of tin in 
aluminum and for the solubility of aluminum in tin. 
However, none of the known alloys of tin and aluminum 
which have been known have been shown to exhibit a 
combination of galvanic properties ‘such as those pro 
duced pursuant to the present methods. 
Aluminum compositions containing large amounts of 

tin have been used, for example, as hearing alloys. Other 
aluminum alloy compositions have been used in which 
small tin additions have been utilized as for example in 
Al-Cu base alloys to modify rates of age hardening. 7 

Accordingly, one object of the present invention is to 
provide an alloy of aluminum which exhibits improved. 
galvanic behavior. . 

Another object is to provide a method of imparting im 
proved galvanic properties to aluminum. 
A further object is to provide a method of controlling 

the galvanic properties of alloys of aluminum and tin. 
Still another object is to provide an alloy having a 

combination of galvanic properties which are variable 
over a wide range not currently attainable in commer 
cially available alloys. 
A further object is to provide an alloy of aluminum 

which has improved galvanic properties and which can 
be prepared from aluminum alloy of commercial purity. 

Other objects will be in part apparent and in part 
pointed out in the description which follows. 

In one of its broader aspects the objects of the inven 
tion are, achieved by providing a galvanic aluminum alloy 
containing between about 0.1 and 0.5 percent tin in a 
condition to render said alloy galvanically active and 
containing no more than about 1 percent of elements 
which tend to mask said galvanic‘properties. 
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In one of its narrower aspects related to the produc 

tion of high galvanic currents at high anodic e?iciency, 
these objects are obtained by providing an aluminum 
base metal composition containing less than 0.05 per 
cent silicon, containing less than O.1 percent iron and 
containing between 0.1 and 0.3 percent tin where the 
composition is in the homogenized condition. 
The practice of these and other aspects of the inven 

tion will be understood ‘more fully from the description 
which follows. In this description reference will be made 
to the accompanying drawings in which: 
FlGURE 1 is a graph illustrating the relationship be 

tween certain galvanic properties of aluminum-tin com 
positions and the silicon contents of the compositions. 
FIGURE 2 is a similar graph showing the same rela 

tionship for aluminum-tin compositions of increasing ‘iron 
content. _ , 

FIGURE 3 is a graph illustrating the relationship be 
tween cell potential of a galvanic cell containing alumi 
num and current. _ 

It has now been discovered that high galvanic currents 
coupled with high anodic ef?ciencies can be obtained at 
greatly reduced cost where this cost is relative to the 
cost of ‘similar currents obtained from galvanic oxidation 
of metal compositions known heretofore. The cost of 
electrical energy produced from such galvanic oxidation is 
so low in fact that auxiliary power sources which depend 
on the galvanic oxidation of aluminum composition of 
the present invention are rendered economically compet 
itive with other power sources, such as internal combus 
tion engines, for certain applications. The achievement 
of such‘ economic production of electrical power pursuant 
to this invention is dependent on two principal factors. 
The ?rst isthat it is possible to retain many of the 

highly desirable galvanic oxidation properties of the com 
positions taught in the ‘parent application Where certain 
ternary alloying elements are present in the higher purity 
aluminum base composition of the parent application, and 
even to enhance certain desirable properties of the com 
positions by such additions. The attainment of high gal 
vanic currents on a sustained basis is due in part to the _ 
capability of the composition to ‘develop surface layers 
on oxidation of any portion thereof, which surface layers 
have an excess of n-type defects in a concentration etlec 
tive to substantially increase the conductivity thereof, i.e., 
to increase the conductivity of such layers by more than 
100 percent. 
The attainment of high galvanic current on a sustained 

basis and at high anodic e?iciency is also due in part to 
the presence within the compositions of secondary cath 
odes in a size, form, ‘distribution, and concentration 
which meets the requirements more fully set out below. 
A second factor on which the attainment of low-cost 

power from the galvanic oxidation of aluminum depends 
is the very striking response of the alloy compositions to 
post-casting thermal treatment with regard to the effect 
of such treatment on control of the galvanic properties 
of the compositions. The post-casting thermal treatment 
may be used to control the concentration of the tin in 
metastable solid solution within the aluminum alloy. A 
principal advantage of the post-casting treatment is in 
maximizing the amount of tin which is in metastable solid 
solution, inasmuch as the higher concentrations of tin in 
solid solution have been found to bepessential to the at 
tainment of higher galvanic currents from the composi 
tion. As will be brought out more fully below the attain 
ment of high galvanic currents in aluminum base com 
positions containing tin, wherein the aluminum is of 
lower purity, depends to a large extent on maximizing 
the concentration of tin in solid solution through the 
homogenization treatment. 

It is also feasible to control certain properties of the 
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compositions by modi?cation of the. casting procedures. 
For example, it is possible to increase the size of certain 
insoluble intimetallic compounds, such as FeAl3, by re 
ducing the rate of cooling of the melt during casting to 
retard} solidi?cation, and toy allow the FeAla particles to 
grow to a desired size. 
Each of these factors will be considered in turn with 

regard to its effect on the provision'of aluminum alloy 
compositions having desired galvanic properties at low 
cost. a 

With regard ?rst to the purity of the aluminum base‘ of 
the galvanic alloy the impurities. found most commonly 
in commercial grades of aluminum tendto mask the re 
markable displayiof high galvanic current now found to 
be possible in aluminum base alloys containing galvanical 
ly activating amounts of tin. In order to provide a low 
cost galvanic aluminum therefore with a high galvanic 
current and a high current e?iciency pursuant to this in 
vention, it is necessary not only to provide tin additive 
in the needed amount and form, but it is necessary also 
to restrict the common impurity level to predetermined 
low values. 
With regard to one of the most common impurities 

normally found in aluminum-base alloys, namely. silicon, 
it has been‘ found that aluminum-tin valloys containing 
from 0.1 to 0.3 percent tin and containingup to 0.05 
percent silicon will yield high galvanic currents if the al 
loy is in the homogenized condition. As illustrated 
graphically in FIGURE 1, where higher concentrations 
of silicon are present, even where tin is present in con 
centrations which otherwise yield high galvanic currents, 
and where this composition is in the homogenized condi 
tion, high galvaniccurrents above 500 coulombs ?owing 
in a reference galvanic cell in 48 hours, are not produced. 

However, useful galvanic currents are produced from 
such compositions containing concentrations of silicon in 
excess of 0.05 percent as is evident from FIGURE 1 and as 
will be explained more fully below. 

Regarding now the concentration of the iron impurity 
commonly found in aluminum, it has been discovered that 
where the iron content of homogenized aluminum-tin com 
positions containing 0.1 to 0.3 percent tin, does not ex 
ceed 0.1 percent, high galvanic currents can be obtained at 
high anodic efficiency, i.e., above about 50 percent e?i 
ciency. As illustrated in FIGURE 2, at values of iron 
concentration substantially in excess of 70.1 percent, the 
values obtained for certain other galvanic properties are 
reduced below the desirable high values attainable at low 
er iron concentrations. J ' ‘ , 

Thus, it is possible to retain many of the desirable gal 
vanic and other properties of compositions containing tin 
in high purity aluminum as described in the copending 
application Serial No. 60,166, although the tin is present in , 
the homogenized form in a low-cost aluminum base con 
taining up to 0.1 percent iron, up to 0.05 percent silicon, 
and concentrations of other impurities inelfective to mask 
these desirable galvanic properties. 

It may be advantageous to raise the tin concentration 
from the preferred range of 0.12 to 0.15 percent for the 
high purity aluminum base to concentrations of 0.2 per 
cent and higher as the concentrations of other constituents 
increases. For example, when the silicon content is'about 
0.05 percent, the tin concentration is preferably raised to 
about 0.2 percent. e 

For purposes of clarity, .and easy reference, a numberof 
terms in the foregoing and following description are. de 
?ned herein; . 

For one such de?nition reference is made to the accom 
.panying drawings in which FIGURE 3 is a graph utilizing 
the data from Table 1, below, illustrating the relationship 
found to exist between the level of galvanic current pro 
duced from a reference galvanic cell' and the potential 
which is found to exist between the electrodes of the cell. 
In FIGURE 3 the number of coulombs ?owing in 48 
hours in a reference galvanic cell is the ordinate and the 
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4 
closed circuit potential, on the hydrogen scale, found to 
be developed in the reference cell is abscissa. In general, 
it will be observed from FIGURE 3 that there is a remark 
able increase in the level of current which is produced for 
a unit increase in the potentialexisting. between the elec~ 
trodes when the potential is more negative than"—0.9 
volts, as compared to the increase of galvanic current 
produced for a unit increase in the voltage where this 
voltage is less negative than —0.9 volts. 

Because-of the very sharp change in the level of ‘gal 
vanic current which is produced with each unit increase 
in voltage at voltages more negative than -0.9 in the 
reference cell, aluminum compositions having the capa 
bility of producing current continuously in the reference 
cell at a potential more negative than —0.9 volts are re 
ferred to herein as galvanic aluminum compositions. 
Heretofore, no aluminum composition has been known 
having the capability of producing current galvanically on 
the continuous basis in the reference cell at a potential 
more negative than ,—0.9 volts on the hydrogen scale. 
As used herein the ‘term “reference cell” refers to a gal 

vanic cell such as that described in the Journal of the 
Electrochemical Society, volume 105, No. 11 (Nov. 1958) 
starting at page 629. Such a reference cell contains a 
solution of 0.1 normal sodium chloride in distilled water 
at 25° C.; and the steel and aluminum electrodes are in 
the form of rods of square cross section having a total ap 
parent surface area .of 10 square centimeters exposed to 
the saline solution. The salt bridge used for measuring 
the potential of the reference couple was located between 
the electrodes in the reference cell rather than on side, as 
shown in the cited article, and was connected to a stand 
ard calomel electrode‘to measure the reference aluminum 
steel couple potential. The calomel electrode is con 
nected at about the mid-point of the aluminum-steel refer 
ence electrode couple. The abscissa of FIGURE 3 is 
the potential on the hydrogen scale which is found to ex 
ist between the aluminum and the mild steel electrode 
when the cell is in continuous operation. The ordinate 
of FIGURE 3 is the number of coulombs found to ?ow 
between the reference aluminum-steel electrode couple in 
48 hours. > 

, Generally, the ternary, elements which are present in 
aluminum-tin compositions may be grouped into two cate 
gories. The ?rst is the group of impurities which ‘are 
found in aluminum compositions because of the method 
used in preparing the composition and because of the 
association of impurity elements with aluminum in ore. 
The second grouplincludes ternary elements which are 
deliberately added to the aluminum-tin composition to 
modify the properties thereof. 
Of the impurity elements, the'two which are the most 

commonly occurring, are silicon and iron discussed imme 
diately above. Generally, other impurity elements which 
tend to mask the galvanic properties imparted by tin 
should be maintained at a concentration below 0.02 per 
cent if high galvanic currents are to be obtained at high 
e?iciency. 
However, it is possible to include percentages of ternary 

elements in excess of 0.02 percent either where no deleteri~ 
ous effect results from such inclusion or where speci?c 
modi?cations of galvanic behavior are sought by such 
additions. ' I 

In general, it has now been observedthat the behavior 
of tenary alloy elements added to aluminum-tin galvanic 
compositions depends on the solubility of the elements in 
aluminum and their effect upon ‘the aluminum lattice. 
More speci?cally, changes in galvanic behavior of alu 
minum-tin compositions responsive to the addition of 
ternary alloy elements to the compositions dependspri 
m'arily on the eifect of the ternary element on the solubili 
ty of tin in aluminum, as it is the tin solute in the aluminum 
lattice which is primarily, responsible for the higher con— 
centration of n-type defects found in aluminum oxide sur 
face layers produced at the surface of the aluminum 
compositions by reaction with environmental elements. 
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Thus, it has now been found that those ternary ad 
dition elements which enter into solid solution and which 
expand the aluminum lattice, stabilize the tin in retained 
solid solution and permit high galvanic currents to be 
drawn from the alloys. Ternary alloying additives which 
display this behavior include magnesium, zirconium, and 
bismuth. The use of bismuth as a ternary alloying ad 
ditive is preferred because it further increases the galvanic 
current over that obtained from the corresponding alu 
minum-tin composition from which this particular ternary 
additive is vabsent. v 

A further group of ternary alloying additives are those 
which are soluble in aluminum and which cause a con 
traction of the aluminum lattice. These additives cause 

a a reduction of the concentration of tin which will remain 
in solid solution in the alloy and thereby tend to negate 
the bene?cial effect of tin on galvanic properties. Ternary 
alloying additives which contract the aluminum lattice in 
clude copper, zinc, manganese, and silicon. 
A third group of ternary alloying additive elements 

are those which have a very small maximum solubility in 
aluminum, less than 0.05 percent, and which exist pri 
marily in an insoluble second-phase state. The eifect 
of ternary alloying additives as second-phase components 
of the composition is primarily in the reduction in the 
anodic e?iciency. Such second-phase material has only, 
a minor effect on galvanic current output of the compo 
sition. ' 

The effect of the addition of certain ternary elements 
of these groups on galvanic properties of aluminum com 
positions is illustrated in Table I below. 

Values of anodic current, anodic e?iciency and couple 
' potential for a reference cell are given in the table for 
aluminum-tin compositions containing small additions 
of the ternary alloying elements. The ?rst value listed 
is of the binary alloy composition aluminum-tin formed 
by the alloying of 0.12 percent tin with high purity 
(99.997%) aluminum. ' 
For all other compositions listed the ternary element 

is alloyed in a composition containing 0.20 percent tin 
‘and the balance high purity aluminum. 

TABLE I 

_ Percent Approximate Anodic Couple 
Alloying element added number of e?iciency, potential 

' coulombs percent 

Aluminum with 0 850 to 950 40 -—1. 08 
0.12% tin_________- I 

Magnesium_ _ 1. 10 800 to 1, 000 54 —1. 09 
B1smuth____ 0.16 1, 200 to 1, 600 38 to 66 —1. 16 
Zirconium. _ 0. 094 800 50 -—1. 09 
Zinc ______ __ 1. 05 30 67 —0. 74 
Manganese..- 0. 84 30 52 —0. 55 
opper_ ‘0. 10 30 59 —0. 64 

Silver... 0. 090 100 49 ——0. 90 
- Do__ 0. 013 1, 000 48 —1. 09 
Niekel__ 0.096 350 55 a —0. 96 
Iron ____ __ 0. 076 825 32 —1. 15 
Arsenic- ____ 0. 012 700 41 -—1. 11 
Antimony. __ _ 0. 045 400 to 600 46 ——1. 03 
Cobalt _____________ __ 0. 021 600 to 900 38 to 65 —1. 07 

The galvanic properties of the ternary compositions as 
given in Table I illustrates the grouping of the ternary 
additive elements into the three groups as given above 
based on their effect on the aluminum lattice and on the 
solubility of tin in aluminum. 

Anodic e?iciency 

Another critical factor in obtaining high galvanic cur 
rents economically from aluminum compositions, in ad 
dition to the voltage factor as discussed above, with ref 
erence to FIGURE 3, is the e?iciency with which current 
is produced by the galvanic oxidation reaction in which 
metallic aluminum is oxidized to form aluminum ions by 
reaction with oxygen, water, chlorine, ?uorine, or other 
oxidizing element or compound. 
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High efficiency galvanic aluminum is an aluminum com 

position from which a given quantity of current can be de 
rived, with a removal from an anode formed of the gal 
vanic aluminum, of less than double the quantity of metal 
theoretically needed to yield the ‘given current. High ef 
?ciency galvanic aluminum is distinct from galvanic alu 
minurn per se in that the term galvanic aluminum desig 
nates aluminum base compositions from which useful 
high values of current can be derived on a sustained basis 
at a voltage on the hydrogen scale more negative than 

I -0.9 volt, without regard to the amount of metal which 
is consumed or removed from an anode in producing 
said current in a reference galvanic cell. ' 

Regarding the anodic efficiency of metal compositions 
containing only tin in solid solution in high purity alu 
minum, or in aluminum base metal containing less than 
0.05 percent silicon and less than 0.1 percent iron, the ~ 
anodic e?iciency of such compositions is high and may be 
in the order of 90% or more for high purity aluminum 
containing 0.02% tin, for example, when electrically 
coupled to'a steel cathode both through an external elec 
trical circuit and through an internal saline electrical cir 
cuit. However, where an alloy composition is used con 
taining about a maximum of dissolvedv tin, although the 
e?iciency is high, this high e?iciency is frequently ac— 
'companied by an undesirable pitting. This pitting is an 
undesirable localized penetration of the metal at a rate 
greater than that which would result in uniform corrosion 
of the entire anode. Pitting may ultimately lead to por 
tions of the electrode becoming detached where the elec 
trode is used for an extended term, and to a lowering of 
the value of ampere hours per pound obtained for the 
metal of the anode. > ' 

It has now been discovered that by addition of second 
phase, conducting. local cathodes, numerous corrosion 
sites can be produced and that through the production of 
numerous corrosion sites, a desirable uniform corrosion 
occurs. It has further been discovered that although the 
addition of the second-phase cathode is accompanied by 
a loss of et?ciency, a sacri?cial anode composition can 
be prepared which has a combination of galvanic proper 
ties which are better than those of other metals. 
As an additional unexpected advantage of the’ addition 

of the’ conductive secondary tin cathode particles, an in 
crease is found in the amound of current produced at 
the anode. Thus, where the e?iciency decreased from 70 
percent to 58 percent, as the per cent tin increased from 
0.10 to 0.125, in high purity aluminum the galvanic cur 
rent increased quite surprisingly by 83 percent. 

Accordingly a second requirement of compositions of 
the present invention, when put to galvanic uses such as 
sacrificial anode uses, over ‘and above the requirement 
for an increased number of n-type defects in the surface 
layer formed by anionic reactions, is the requirement for 
the presence of particulate secondary cathodes in the 
anode. In essence, the second requirement is that the sec 
ondary cathode be of such form, composition and distri 
bution within the anode as to cause signi?cant changes in 
the other factors governing the galvanic properties of the 
‘composition. 

' Thus, it has been found that where a second phase con 
ductive substance, insoluble both in aluminium base alloy 
and in the electrolytes, is added to the aluminum-tin an 
ode as a finely divided dispersed particulate material, the 
second-phase substance acts as a cathode. 
There is a de?nite relationship between the form and 

‘quantity of the second-phase cathode particles and the 
galvanic- properties exhibited by an anode in which they 
'are distributed as will be brought out more fully below. 
However, in general, either too many or too few of the 
cathode particles, or particles which are too big or too 
small, will not give the desired results. 7 

It will be appreciated that the second-phase particles 
become activeas secondary cathodes only as the particles 
become exposed togthe electrolyte environment'at the 
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‘surface of the anode during the electrolytic dissolution of 
the anode metal. '_ 
The term local action corrosion ‘refers herein to the cor 

rosion which takes place in the vicinity'of particulate tin, 
or other second-phase cathode particle, at the surface of 
the sacrificial anode. ' 7 

Because of the intimate contact and close juxaposition 
of the second-phase cathodes with and to the surface of 
a sacrificial anode, the anode efficiency is very sensitive 
to‘the quantity and distribution of the second-phase cath-‘ 
ode particulate material in the sacri?cial anode. 

Although it has been discovered that tin is unique 
among the elecents of Group IV and Group V of the 
periodic table of elements, in creating a large number of 
,n-type defects in aluminum oxide ?lms and thereby mak 
ing possible substantial alterations of the galvanic behav 
ior of the aluminum alloy, materials which can'be distrib 
uted in the alloy as second-phase cathodes to meet the 
above requirements for high e?iciency performance may 
be selected from a wider variety of elements. 

vIn general the material suitable for inclusion as second 
phase cathodes in a composition which exhibits improved 
galvanic properties in accordance with this invention 
should be capable of being included in said composition 
in electrical association with the tin-containing aluminum 
of said composition without appreciably reducing the 
solid solubilityrof tin, should preferably be in the form of ' 
discrete particles at anode‘ operating temperatures, should 
have a high electronic conductivity and a .low hydrogen 
'overpotential, and should be formed of a substance which 
is substantially less reactive with the environment than 
the aluminum of said composition and which does not 
form high resistance surface layers by said reaction. 
As indicated above compositions of the present inven 

tion are unique in that they exhibit sustained galvanic 
activity although prepared with an aluminum metal base. 
The combination of high anodic e?iciency and high gal 
vanic currents is unique particularly when produced from 
an aluminum base alloy of essentially commercial purity. 
Numerous uses can be made of alloys having the com 
positionsand prepared accordingly to the treatment de 
scribed herein. ; 
One large scale use of such compositions is as sacri? 

cial anodes in the protection of'metal structures ‘exposed ‘ 
to marine environments. Compositions of essentially 
commercial purity aluminum base metal having high gal 
vanic ‘outputs and high anodic e?iciencies which are suit 
able for use in aluminum sacri?cial anodes, as ‘well as ' 
for use in anodes for marine power cells, desirably have 
a composition containing 0.1 to 0.3% tin, up to 0.05% 
silicon, up to 0.1% iron and the balance aluminum con 
taining insu?icient amounts of other impurities to mate 
rially interfere with the high galvanic output and high 
anodic e?iciency of said composition. 

Regarding the impurity level in galvanic alloy com- . 
positions, it is evident fromthe discussion of ternary 
alloying elements as given above, that numerous ele 
ments may be present in said compositions inamounts 
ineffectual to reduce the galvanic current producing prop 
erties of‘th‘e metal. The permissible concentration level 
of a particular impurity or tenary additive is dependent 
on the galvanic properties which are to be exhibited by 
the composition. ' 

It has now been discovered that in ‘addition torthe . 
capacity which compositions of the present ‘invention 
have to be changed with regard to their galvanic charac» 
teristics by heat treatment as discussed below, substantial 
changes in the galvanic propertiescan be e?ected with pre 
cision and reliability by compositional changes therein. . 
For uses which requires high anodic et?c'iency with high 

galvanic currents, the presence of additional impurities 
must be avoided where they reduce or offset either the high 
efficiency or high current production. Impurities,- such 
as copper and zinc, which are soluble in aluminum and 
which cause a contraction of the aluminum lattice are 
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particularly to be avoided in preparing alloy composi 
tions for uses which. require high galvanic currents. 

For example an ingot of aluminum containing tin and 
other constituents which would otherwise yield high 
galvanic currents, gave lowered currents because of the 
presence of 0.02% zinc as an impurity. Preferably the 
concentrations of such ‘elements as zinc and copper should 
be kept at levels below 0.02% to avoid substantial reduc 
tions ‘in the maximum solubility of tin in the composition 
and consequent poor galvanic performance. a 

, For the applications of galvanic aluminum requiring 
higher galvanic current coupled with high anodic e?i 
ciency the persence of insolubleelements such as nickel, 
arsenic, antimony, cobalt, and the like, in low concentra 
tions isnot as critical as is the presence of the soluble. 
cons'titutents which constnict the aluminum lattice. How 
ever, when the concentration of such insolubles is in 
creased this leads to an undesirable reduction in anodic 
efficiency as described above with reference to the group 
of insoluble ternary alloy addition elements. . 
Compositions of aluminum and tin are also useful for 

the sustained generation of relatively low currents at 
high ef?ciencies for use in another group of applications 
such as in dry cell anodes. , . 

Numerous other applications can be made of the com 
positions of this invention to make use of their unique 
galvanic current producing properties. For example, in 
dry cell applications it may be-desirable to duplicate the 
electrochemical characteristics of zinc and for such pur 
pose a much lower- current output will be desired than 
the optimum high current obtainable from galvanic alu 
minum. Pursuant to this invention, such a lower current 
is achieved by use of a lower tin content. In this regard, 
galvanic current rises sharply in high purity aluminum 
compositions containing t-in Where the tin content is in 
creased in the range between 0.04 and 0.08% Sn. By 
application of thermal treatments, fairly constant current 
‘output over a wide compositional '(Sn) range -up to. about 
0.1% tin, may be obtained. In order tosimultaneously 
produce uniform corrosion of the metal specimen, ternary 
elements may be‘added to form secondary cathode inclu 
sions as described above. An alloy composition suitable 
for producing lower currents at high e?iciency for dry 
cell utilization may be produced inthis way. Ternary 
additives, such as Cd. Bi, or Pb may be used for this pur 
pose in that they are metallic conductors, are essentially 
insoluble in aluminum andexhibit a relatively low hydro 
gen, over-potential. .Ternary additiveswhich are tofserve 
as a source of secondary cathode. particlesrare considered 
esxintially insoluble for this purpose where their solubility 
does not exceed 0.02%. Alternatively additive elements 
capable of forming a stable compound withjaluininum 
such as Fe as (FeAl3), Cr as (CrAl7), and Mn as 
(MnAls), may be used for this purpose. These additive 
elements must be essentially in accordance with the for 
mula for secondary cathode particulate additives as given 
above and are ‘found ‘to promote the uniform corrosion 
attributable to the secondary cathode particles. 
As a further alternative it has now been discovered that 

alloy compositions suitable for use in dry cells may be 
prepared by the addition of a’ controlled quantity of 
even slightly soluble elements where these dissolved ele 
ments contract the crystal lattice of aluminum and thus 
serve as moderators of the aluminum-tin compositions 
containing up to 0.5 percent tin. Such soluble ternary 
additives serve as moderators in that they change the 
galvanic behavior of an, alloy composition having a 
high galvanic out-put and high anodic ef?cienc'y, to one 
which has a combination of good anodic e?iciency and 
lowered but stable current outputs. _ Ternary alloying 
additive‘ elements ‘which are particularly bene?cial as 
‘current modi?ers are zinc and copper, although any other 
ternary element which,‘ when added to- galvanic alu 
minum, results in a contraction of the aluminum lattice 
and a reduction in tin solubility also permits similar con 
trolled reduction of the current outputs. For example, the 
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use of aluminum-tin compositions, containing 1.0 percent 
zinc or 0.1 percent copper as moderators, is contemplated 
for dry cell application as well as those containing 0.1 
to 0.3% silicon. 
The degree of effectiveness of the addition of a given 

quantity of a particular ternary additive in changing the 
galvanic current output which will be obtained from a 
galvanic aluminum composition is readily determinable 
by measuring the closed circuit potential of a reference 
galvanic cell containing the aluminum test specimen as 
anode. Measurement of this closed circuit potential pro 
vides a rapid assessment of the degree of galvanic current 
output obtainable. 
High current outputs suitable for such applications as 

sacri?cial anodes or marine power cell anodes are obtained 
when the potential between the aluminum and the steel 
electrode of the reference galvanic cell is more active 
than —0.9 volt on the hydrogen scale. In general, anode 
compositions which when thus tested as a couple are 
found to have more active, or correspondingly less noble, 
potential, are also more active galvanically and yield 
higher galvanic currents as illustrated in FIGURE 3. 
On the other hand, if the measured potential of a par 
ticular test couple in the reference galvanic cell is more 
noble than —0.9 volt on the hydrogen scale, then the 
galvanic activity of the alloy composition used in form 
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ing the test galvanic couple is generally too limited for ' 
optimum performance in sacri?cial anodes and marine 
power cells. , 

However, many of the alloy compositions having refer 
ence cell galvanic test couple potentials more noble than 
'——l.0, are suitable for numerous other uses requiring 
lower open circuit potential between anode and cathode, 
such as sacri?cial claddingsand dry cell uses. In fact 
numerous valuable uses can be made of aluminum base 
compositions containing galvanically activating amounts 1 
of tin where the reference cell galvanic test couple po 
tential is more noble than —0.9 volt when these com 
positions have uniformly distributed therein the unreac 
tive conductive particles to adapt such compositions to the 
high eil'iciency current production attainable in accord 
ance with this invention by provision of secondary cathode 
particles substantially in accordance with the above 
equation. 
As pointed out in the earlier applications S.N. 60,166, 

the desirable galvanic properties of such compositions are 
due in part to the presence of tin therein in a form which 
yields n-type defects in surface coatings formed as reac 
tion products of said composition with environmental re 
actants such as atmospheric oxygen or sea water, or with 
other reactants which yield aluminum oxide in the 
surface coating. For maximum galvanic currents at max 
imum of tin must be present as supersaturated solid 
solute. Generally, maximum solute tin concentration and 
maximum galvanic currents are achieved reproducibly and 
reliably by a homogenization treatment. 
The term “homogenization treatment” is intended to 

mean thermal treatment of an aluminum tin alloy which 
will maximize the uniform distribution of tin in the alloy 
and will provide specimens having the maximum amount 
of retained tin in a metastable solid solution, i.e., about 
0.1 percent. Such a treatment can be accomplished by a 
soaking of the composition containing aluminum and tin 
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for 16 hours at 620° C. Unless otherwise speci?ed, com- ‘ 
positions described herein as homogenized have received 
this treatment. In general usage the homogenization 
term is used to indicate a treatment to maximize the por 
tion of an alloying element which is in metastable solid 
solution in an aluminum composition. 
One of the unique features of the present invention is 

the capacity which these compositions have to be changed 
with regard to their galvanic characteristics by heat treat-' 
ment. Thus, whatever may be the characteristics of the 
as-cast material, these characteristics may be changed in 
large degree ‘by thermal treatment of the composition. 
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Generally, there is less tendency for aluminum-tin com 
positions of lower purity to exhibit optimum galvanic 
properties in the asecast condition. For such composi 
tions the use of homogenization ‘treatment to solubilize 
the tin is effectively essential. ’ 

In addition to the homogenization treatment referred‘ to 
‘above, the purpose'of which is to put a maximum of tin . 
into solid solution, where it is desired to partially precipi 
tate the dissolved tin, a heterogenizing treatment is ‘em 
ployed. The term “heterogenizing,” “heterogenized al 
loy,” and the like refers to a treatment of aluminum-tin 
composition in which tin is in metastable solution at a 
given concentration level, to lower the concentration level 
and to transform at least a portion of the tin solute into a 
second phase state.~ A reference heterogenization treat 
ment involved 24 hours heating at 400° C. followed by 
a water quench. ~ 

Although heterogenizing may be carried out at other 
temperatures, for example 300 or 500° C., and although 
longer and shorter times of heating may be employed . 
(generally in inverse relation to the temperature of heat- 7. 
ing), the above combination of temperature and time is 
effective in removing much tin from solid solution and is 
the procedure referred to by the term heterogenizing as 
used hereinafter unless some indication. is given to the 
contrary. There is nodetectible loss of tin from use of 
this heterogenizing treatment. 

This heterogenizing treatment is e?ective in eliminating 
the bene?cial effects of tin on galvanic corrosion charac 
teristics only up to 0.08%. At a tin of 0.12%, galvanic 
currents are slightly reduced by this treatment and at a 
content of 0.20%, no signi?cant e?ect is produced. These 
results furth evidence the great stability of the galvanic 
corrosion characteristics in the range of 0.1- to 0.2% tin 
and that the decomposition of the metastable solid solu 
tion on long term aging at room temperature will not 
occur. 

One of the advantages of the aluminum~tin prepared 
in accordance with this invention by use of the homoge 
nizing step is the high degree of stability exhibited on 
aging during periods of up to one year at room tempera 
ture. No loss of the superior galvanic activity of such 
compositions is apparent after such long aging. 
From the foregoing it is evident that a unique group of 

aluminum alloy compositions and articles are taught 
which are adapted to providing a variety of galvanic prop 
erties based on control of the tin and ternary element 
concentration therein and of the thermal treatment thereof. 
Several compositions have now beenv discovered, the gal 
vanic properties of which are also dependent on the pres 
ence of n-type defects in the reaction-product surface lay 
ers and of secondary cathodes of speci?c requirements, 
which are similarlyresponsive to thermal treatment and 
which are capable of producing galvanic current at a high 
rate and high potential at low cost. 

In particular compositions and articles which can sup 
ply useful high galvanic currents at a higher rate and at a 
lower cost per unit of electrical energy produced than 
possible with any galvanically active alloy known hereto- ‘ 
fore are formed in accordance with this invention. The ' 
low cost of these galvanic aluminum alloys is attributed 
to their being formed with an aluminum base of essen 
tially commercial purity aluminum, and to the reliability 
and reproducibility of the galvanic properties of the alloys 
produced due to their responsiveness to thermal treatment, 
and compositional modi?cations. 

Since many examples of the foregoing compositions and 
articles may be carried out and made, and since many 
modifications can be made in the articles ‘and compositions 7' 
described without departing from the scope of the subject 
invention, the foregoing is to bev interpreted as illustrative 
only, and not as de?ning orlimiting the scope of the 
invention. ' 

What is claimed is the following: 
1. An aluminum base alloy consisting essentially of 

from 0.04 to 0.5 percent tin, with said tin being present 
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in solid solution to the maximum degree at room tempera— 
ture, said maximum degree being 0.1 percent, said alloy 
also containing silicon in an amount less than 0.05 percent 
and iron in an amount less than 0.1 percent and the re 
mainder aluminum. in 

2. An valloy according to claim 1 wherein said tin is 
present in an amount of from 0.1 to 0.5 percent. 

3. ~A composition according to claim 1 wherein said tin 
is present in an amount of from 0.1 to 0.3 percent. 

4. ‘An aluminum base alloy consisting essentially of 
from 0.04 to 0.5 percent tin, with said tin being present in 
solid solution to the maximum degree at room tempera 
ture, said maximum degree being 0.1 percent, an effective 
amount of an element which enters into solid solution in 
said aluminum and Whichexpands the aluminum lattice, 
and also containing silicon in the amount less than 0.05 
percent and iron in an amount less than 0.1 percent and 
the remainder aluminum. 

5. A composition according to claim 4 wherein said‘ 
element which enters into solid solution is selected from 
the group consisting of magnesium, zirconium, and 
bismuth. 

6. An ‘alloy according to claim 4 wherein said element 
which enters into solid solution is magnesium present in 
an amount of about 1.1 percent. 

7. An alloy according to claim 4 wherein said element 
which enters into solid solution is bismuth present in the 
amount of about 0.16 percent. a 

8. An alloy according to claim 4 wherein‘ said element 
which enters into solid solution is zirconium present in 
an amount of about 0.094 percent. 

9. An aluminum ‘base alloy consisting essentially of 
from 0.04 to 0.5 percent tin, with the tin being present in 
solid solution to a maximum degree at room temperature, 
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12. 
‘said maximum degree being 0.1 percent, said alloy also 
containing silicon in an amount less than 0.05 percent, 
iron in an amount less’t-han 0.1 percent, zinc in an amount 
less-than 0.02 percent, and copper in an amount less than 
0.02 percent and the remainder aluminum. - 

10. An aluminum base alloy consisting essentially of 
from 0.04 .to 0.5 percent tin, with the tin being present in 
solid solution to the maximum degree at room tempera 
ture, said maximum degree being 0.1 percent, said alloy 
also containing silicon in an amount less than 0.05 percent, 
iron in an amount less than 0.1 percent and a small 
amount of at least one compound having a maximum 
solubility in aluminum of less than 0.02 percent and the 
remainder aluminum. ‘ 

11. An alloy according to claim 10 wherein said com 
pound having a solubility less than 0.02 percent is selected 
from the group consisting of nickel, arsenic, antimony, 
and cobalt. 
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