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This invention relates to the coating of aluminum and 
alloys which are composed principally of aluminum. 
More particularly, it relates to a process in which the 
aluminum is coated with metals which are below alumi 
num in the electromotive series. 

In accordance with my invention, objects formed of 
aluminum or aluminum alloys are coated either by simple 
immersion in a reactive composition or by such immersion 
followed by dipping into a molten bath of the metal or 
alloy which is to serve as the coating. 
The production of adherent metallic coatings on alu 

minum and alloys of aluminum has been extensively in 
vestigated. Workers in this art have long recognized that 
the problem is complicated by the super?cial oxide ?lm 
that invariably is formed on any freshly exposed alumi~ 
num surface by reaction with the ordinary atmosphere. 
Failure to effect the removal of all of this oxide ?lm 
leads to coatings which ?ake off because of poor adher 
ence to the oxide. Such coatings, therefore, fail to pro 
vide the desired bene?t for which they were applied, for 
instance in soldering or joining the aluminum. I 

It has been generally proposed to remove the super 
?cial oxide ?lm either by mechanical means or by chem 
ical action as a condition precedent to the application of 
any coating metal. One commonly adopted expedient 
has been to ?oat a molten ?ux layer upon a molten bath 
of a coating metal and to dip the aluminum or aluminum 
alloy object into the ?ux and thence, after the surface 
has been chemically cleaned, into the molten metal bath. 

I have now discovered that the above procedure may 
be greatly simpli?ed and that satisfactory, tightly adherent 
coatings may be produced on the aluminum objects with 
out the necessity of a molten metal coating bath. In 
accordance with one procedure, I provide a molten ?uxv 
bath in which one of the essential constituents comprises 
a combination of chlorides which will dissolve the alumi 
num oxide ?lm, and one or more metal chlorides of a 
metal with which the freshly exposed aluminum base 
metal will react, and by simple displacement will decom 
pose the metal chloride and cause the metal to deposit 
thereon as a metallic coating. , 

In another embodiment of my invention I provide ?ux 
consisting of the above ingredients and disposed over a 
molten bath of the metal to be deposited as a coating on 
the aluminum or aluminum alloy surface. In this modi 
?cation of my invention I have found it preferable to 
include in the ?ux the chloride of the metal or metals 
forming the molten bath upon which my reaction ?ux 
?oats. 
One object of my invention is to provide a composition 

which will effectively remove the oxide layer from alumi 
num objects at temperatures below 300° C. and at the 
same time will effectively deposit a-metal on the freshly 
cleaned aluminum or aluminum alloy surface. 

Another object of my invention is to provide‘a simple 
and inexpensive method for coating aluminum with a 
uniform, tightly adherent metallic coating. - A further 
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object of my invention is to provide a composition and 
method which are particularly effective for removing the 

. oxide ?lm from the surface of aluminum or aluminum 

10 

alloy objects and which may be used to advantage in 
conjunction with a molten bath of a low-melting metal 
or metal alloy whereby coatings are produced on the 
aluminum objects at lower temperatures than have here 
tofore been considered practical. 

In accordance with my invention, a composition con 
sisting essentially of one component which melts well 

_ below 300° C. and a second component which comprises 
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the chloride of at least one metal below aluminum in 
the electromotive series is prepared in the following 
manner. 

The ?rst component is prepared by mixing aluminum I 
chloride and one or more alkali metal chlorides of the 
group consisting of lithium chloride, sodium chloride, and 
potassium chloride and heating the mixture gently to a 
temperature below 300° C. at which the constituents form 
a clear melt. The melt may be solidi?ed and comminuted 
and stored for future use or it may have added to it the 
second essential constituent of my. composition. ’ 

Chlorides which have been found suitable as the second 
constituent are the following: 

AgCl HgCl 
AuCl InCla 
AuCl3 MnCl2 
CdClz NiClz 
CoClz v PbClz 

8%‘? fig? ‘1 s 

CuClz SHCIZ 
FeCl2 TlCl 
GaClH ZHCIZ 

When it is desired to coat an aluminum object by the 
?rst procedure, simple immersion in the reaction flux, a 
mixture of the aluminum chloride-alkali metal chloride 
component with the coating metal chloride or chlorides 
is melted in a suitable vessel and stirred to obtain a homo 
geneous mixture. Since many ofrthese mixtures will melt 
at temperatures as low as 200° C., inexpensive glass 
vessels or glass-lined vessels may be employed‘with sub 
stantial economic advantages._ Once the composition has 
been melted and homogenized,it is merely necessary to 
immerse the aluminum or aluminum alloy object into 
the ?ux and to move it gently back and forth therein'in 
order to insure an intimate‘contact vbetween the'?ux and 
all surface portions of the object to be coated. ' 
The relative proportions of aluminum chloride, alkali 

metal chloride and coating metal chloride‘or'chlorides 
are selected so that the homogenized composition will have 
a relatively low melting point preferably below about 
200° C. before it is used as well as after it is used. To 
produce a composition with the desired low melting point, 
I have found that the proportion of aluminum chloride 
in the aluminum chloride-alkali metal chloride compo 
nent of the mixture should be between 52 mol percent 
and 82 mol percent and the proportion of alkali metal 
chloride in the aluminum chloride-alkali metal chloride 
component should be between 48 mol percent and 18 mol 
percent; and the amount of coating metal chloride should 
constitute less than about 50% by weight of the mixture 
and should constitute at least a sufficientamount to de-. 
posit a uniform coating on the object to be coated. _ Pref 
erably, I have found that between 1% by weight and 
25% by weight of the coating metal chloride may be 
added to the aluminum chloride-alkali metal chloride 
constituent without materially impairing the oxide-dis 
solving properties of that constituent and without ad 
versely affecting the melting point of the mixture. . ' 

It has been found that with amounts of aluminum chlo 
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ride in excess of 82 mol percent in the aluminumychlo-r 
ride-‘alkali metal‘ chloride component that the'composi 
tion tends to lose to a signi?cant extent the ability to dis 
solve the aluminum oxide ?lm and thatwith suchamounts 
of aluminum chloride the composition tends to become 
unstable and to lose aluminum‘chloride by volatil-izationr 
Once the oxide ?lm has been‘ removed from the alumi 

num or aluminum alloy object to be coated, the exposed 
‘metal reacts with the coating metal chloride or chlorides 
present in the molten ?ux as follows: i 

where M301, is a metal chloride chosen from the above 
mentioned metal chlorides and x and y are integers. , 
The following examples will further illustrate the pre 

ferred manner of practicing ‘this aspect of my invention: 
Eitample I 

A clear melt was prepared by heating a charge com 
prising ,60 parts by weight of aluminum chloride covered 
by 20,‘ parts by weight of sodium chloride and 20 parts 
by Weight‘ of zinc chloride to a temperature of about 
300° C. A piece of aluminum was immersed in the 
melt ‘for 2 minutes after which it was withdrawn. A 
bright, uniform zinc plate was obtained onthe aluminum, 
free from spots or streaks. ' 

Example II 
A clear melt was prepared by‘ heating a charge com- ‘ 

prising 60 parts by weight of aluminum chloride covered 
by 20 parts by weight of sodium chloride and 20 parts 
by weight of stannous chloride to a temperature of about 
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300° C. A piece of aluminum was immersed in the melt , 
for 2 minutes ‘after which itvwas withdrawn. A bright, 

, uniform tin platewas obtained on thealuminum free from 
spots or streaksr ’ I 

The second aspect of my invention involves the use of 
a molten metal ‘bath disposed beneath a supernatant molten 
?ux layer. The procedure is substantially similar to that 
previously outlined‘ for preparing the ?ux and the fol! 
lowing examples, will serve to‘ illustrate the preferred 
practice of this aspect'of my invention: 

1 Eatample III 

‘A flux composition?was prepared by melting 60 parts 
by‘ weight ‘of aluminum chloride, 20 parts by weight of 
sodium chloride and$20 parts by weight of stannous 
chloride in a glass beaker covered with a watch glass by 
heating‘ toabout 300‘? 6;, at¥whichtemperaturea clear 
melt formed“ -Into this melt there was added about 2000 
grams of metallietin. whichfon continued heating, was 
readily melted and form'e'd‘ga pool beneath the molten 
?ux. A piece of aluminum was immersed in the flux and 
then droppedinto‘the molten‘tin, Upon withdrawal from 
the bathtit was found to be covered completely with a 
uniform, tightly‘adherent layer ‘of tin, free from streaks 
or spots. 1 t ‘ ‘ t > 

‘ Example I V t 

A ?ux composition comprised, of 60 parts by weight of 
aluminum chloride, 20, parts by weight of sodium chloride, 
10 parts byiweight of’c'admium ‘chloride and 1.0 parts by 
weight of zinc'chloride’lw‘as ‘charged into a glass beaker and 
‘melted as in Example, IIIL ', Into. this melt there ‘was added 
about 2500 grams ‘of a cadmium‘zinc; alloy which was 
readily melted‘therein‘. ,A piece‘ of‘ aluminum was im 
mersed ?rst in‘ the ?ux‘and thenin the molten metal and 
when withdrawn was ‘found. to be covered with allayer 
of ‘a cadmium-‘zinc alloys" This combination of baseand 
coating is particularly advantageous since ‘the. cadmium 
zinc does not form an electrolytic couple with the alumie 
num base and henceis particularly“ resistant; tocertain 
types of corrosion. - i i Y ' ' 

discovered amethod ,for‘depositing metallic "coatings, on 
obiws of aluminum‘ or alloys.“ of_;,al.uminu,ni ‘either by 

From‘ the'above examples it will be apparent-that I have, i 
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4 
simple immersion in a reactive ?ux containing one or 
'more chlorides which react with the aluminum and a 
combination of ingredients which dissolve the aluminum 
oxide ?lm from the object to be coated or by immersion 
in such a flux followed by immersion in a molten metal 
or metal alloy bath. 
While there are enumerated a large number of chlo-' 

rides which have been found to be satisfactory for the 
production of coatings, it will be understood that for 
reasons of economy, the chlorides of lead, tin, cadmium 
and zinc, and combinations of these chlorides are pre 
ferred in the practice of my invention. 

Furthermore, although the ?ux compositions described 
will generally be molten at temperatures below about 
300° 0., they may be employed in cooperation with 
molten metal or alloy compositions which melt at appre 
ciably higher temperatures. Thus, the ?ux bath of Ex 
ample 1 has been employed as the supernatant ?ux. on a 
pool of molten zinc (M. P. 420° C.) without excessive 
fuming or breakdown of the flux. 
Another factor which it is necessary to consider in the 

practice of my method is the‘ choice of appropriate reac 
tive chlorides to be added to the aluminum chloride-alkali 
metalchloride basic flux composition. Obviously, chlo 
rides shouldbe chosen which do not react with the underly 
ing pool of molten metal, since this would lead to waste of 
both chloride and molten bath material. For this reason, 

. it has been found particularly, useful to add to the ?ux, 
the chloride of the coating metal over which the ?ux is 
?oated. Of course when the ?ux is employed without any 
molten pool, any of the chlorides above listed may be 
used. ‘ 

By ?lming first a coating of a metal on the aluminum 
substrate by decomposition of a chloride constituent of 
the ?ux‘and then dipping an article into a diiierent metal, 
it is possible to provide coatings of improved adherence 
to the’ base metal, particularly where the intermediate 
metal isrone which bonds more readily to the substratev 
than the outermost metal. 
The term “aluminum” in the following claims is in~ 

tended to cover the metal itself as well as alloys which 
are composed principally of aluminum, particularly alloys 
with upwards of 80% of aluminum. 

I claim: 
1. The method of coating aluminum and aluminum 

base alloys with a coating metal which is more electro- ~ 
negative than aluminum, which comprises establishing a 
molten vbody of the coating metal, forming on at least 
a portion of the surface of said molten body of coating 
metal a fused, homogeneous salt composition comprising 
a major amount of an aluminum chloride-alkali metal 
chloride constituent consisting essentially of between about 
52 mol percent and 82 mol percent of aluminum chloride 
and between about 18 mol percent and 48 mol percent 
of at least one alkali metal chloride from the group con 
sisting of ‘sodium chloride, potassium chloride and lithium 
chloride, and between about 1 percent and 25 percent 
by weight of the aluminum chloride-alkali metal chloride ‘ 
constituent of a chloride of‘at least one metal from the -' 
group consisting of zinc chloride, stannous chloride, lead 
chloride and cadmium chloride, passing the article to be 
coated downwardly through the supernatant fused salt 
composition and into the underlying molten body of coat 
ing metal, whereby the aluminum oxide film on the , 
article is removed and a coating of the metal of the 
metal chloride of said group of metal chlorides is formed 
on the article, as the article passes through the supernatant 
fused salt composition and before it is immersed into the 
molten body of the coating metal, and thereafter with 
drawing the article from the molten body of said coating 
metal with a coating-of the coating metal thereon. 

2. The method of coating ‘aluminum and aluminum 
base alloys with a coating metal which is more electro~~ 
negative than aluminum, which comprises establishing a 
molten body of the coating metal, forming on at least a 
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portion of the surface of said molten body of coating 
metal a fused homogeneous salt composition consisting 
essentially of between about 52 mol percent and 82 mol 
percent of aluminum chloride and between about 18 mol 
percent and 48 mol percent of at least one alkali metal 
chloride from the group consisting of sodium chloride, 
potassium chloride and lithium chloride, and between 
about 1 percent and 25 percent by weight of a chloride 
of at least one metal more electIonegative than alumi 
num, passing the article to be coated downwardly through 
the supernatant fused salt composition and into the un 
derlying molten body of coating metal, whereby the alumi 
num oxide ?lm on the article is removed therefrom and 
a coating of the metal of the metal chloride more electro 
negative than aluminum is formed on the article as the 
article passes through the supernatant fused salt compo 
sition and before it is immersed into the molten body of 
the coating metal, and thereafter withdrawing the article 
from the molten body of the coating metal with a coat 
ing of the coating metal thereon. 

3. The method of coating aluminum and aluminum 
base alloys with a coating metal which is more electro 
negative than aluminum, which comprises establishing a 
molten body of a fused, homogeneous salt composition, 
consisting essentially of a major amount of aluminum 
chloride and a minor amount of at least one alkali metal 

6 
chloride from the group consisting of sodium chloride, 
potassium chloride and lithium chloride and between 
about 1 percent and 25 percent by weight of a chloride of 
said coating metal, immersing the aluminum article in the ' 
fused salt bath, whereby the oxide ?lm on the articleis 

, removed by the molten salt and a coating of the metal of 
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the metal chloride more electronegative than aluminum 
is formed on the article, thereafter further coating the 
freshly coated article by immersing it into the body of 
molten metal, and withdrawing the article ‘from the body 
of molten metal with a ?nal coating thereon. 
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