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This invention relates to a composition and to a proc-
ess for treating aluminum and aluminum alloys prepara-
tory to spot welding. Aluminum and aluminum alloys
possess a surface coating of aluminum oxide. As
marketed they are also usually coated with an oil. Be-
fore spot welding it is first necessary to remove the oil
coating, for example with a caustic wash, and then to
etch the surface of the metal to remove the aluminum
oxide coating.

There have been a number of different commercial
processes devised for etching aluminum but these have
all been unsatisfactory in one or more respects. The ef-
fectiveness of a process of etching aluminum is in the
art measured by the resistance of the etched sheet in
certain standard testing apparatus. For good resulis

the resistance should be below 100 micro-ohms and in o

some cases aircraft work requires aluminum etched to a
resistance of below 50 micro-ohms. One process em-
ployed in the prior art comprises a treatment with a
solution containing sulfuric acid, chromic acid and hydro-
fluoric acid. This process has both operational and toxic
hazards. The solution may generate hydrofluoric acid
gas vapors which are not only toxic but corrosive. More-
over, the etching time with such a solution for satisfactory
rvesults is very critical. A deviation of 10 seconds from
the optimum period may produce unsatisfactory results.
It is very difficult to operate a production line operation
of spot welding aluminum and aluminum alloy parts with
a process in which the etching is so critical as to time.
As aluminum or aluminum alloys from such a process
undergo very rapid reoxidization for satisfactory work they
should be welded within a time period of the order of 30
minutes after the etching process.

A second process employed in the art is one carried
out at a temperature of from 180° to 212° using acid
salt solution, such as sodium bisulfate.
not as sensitive as to the time of treatment but is not as
effective in etching the aluminum as on tests etched sheets
of 90 micro-chms resistance is about the limit of this
process.

A third process is used. comprising a treatment with -

phosphoric acid and formic acid. This process is not as

critical in time of treatment but the process is subject

to widely different results depending on the nature of the

aluminum alloy process so that the time of treatment
- varies with different alloys and with some alloys the
-process is not effective in etching the aluminum to obtain

an etched sheet with a micro-ohm resistance as low as
» 100,

It is a general object of the present invention to pro-
vide a process for etching aluminum which process is
relatively free of operational hazards, free of toxic
hazards, and which process is effective for producing sat-
isfactory results on aluminum and aluminum alloys of
different types.

By means of the present invention we have provided
a composition and process for etching aluminum and
aluminum alloys prior to spot welding which process

This process is .

i benzene, toluene and xylene sulfonic acids.
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is relatively unaffected by the time or temperature of
treatment and which process is capable of providing an
etched sheet having a very low resistance, such as in the.
order of 3 to 5 micro-ohms.. : ' v

Essentially this new composition and process embodies
the discovery that a superior process of etching aluminum.
and aluminum alloys may be achieved by utilizing a com-
position in which the etching agent is a mixture of phos-
phoric acid and aryl sulfonic acid provided the com-
position also includes an effective .sequestering agent
for any aluminum compounds produced, which sequester-
ing agent is preferably also an organic reducing agent.
The aryl sulfonic acids employed are those containing
less than 7 alkyl carbon atoms and include, for example,
These aryl
sulfonic acids, in combination with phosphoric acid, are
found to be very effective in etching or. removing the
oxide coating from aluminum or aluminum alloy sheets.
Their effectiveness in the composition is found to reside
in the fact that they hydrolize in part to liberate free
active sulfuric acid. o

This mixture of phosphoric acid and aryl sulfonic acid
does not provide as effective: an. etching agent in the
absence of the sequestering agent.

In the process aluminum compounds or complexes are
formed which interfere with the effectiveness of the
etching process. . By the addition of the sequestering
agent, which preferably is also an organic reducing agent,
the formation of aluminum compound is to some extent.
inhibited and moreover such compounds as are formed
are maintained in solution so as to permit the acids to
remain effective in accomplishing the desired etching.
The sequestering agent employed may be any water solu-
ble aliphatic hydroxy carboxylic acid or a sodium or

; ammonium salt thereof. Example of suitabls sequester-

ing agents are gluconic acid, glucono delta lactone, tar-
taric acid, citric acid and the ammonium and sodium salts
thereof.

The etching of aluminum and aluminum alloys with
such an admixture of phosphoric acid, aryl sulfenic acid

::. and sequestering agent is found very effective while at
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the same time the operation is free of toxic hazards, and
relatively insensitive to either time or temperature of
treatment or nature of the alloys toc be etched.

By the process etched aluminum or aluminum alloy
products are produced having as low as 2 to 3 micro-
ohms resistance and satisfactory etching is obtained at
a temperature range which may vary from 25° to 45° C.

The composition and process of the present invention
for etching aluminum and aluminum alloy and further
objects and advantages of the present invention will be
fully understood from the following description of a pre-
ferred example of the present invention.

In the following description the preferred example of
the cleaning composition is given in the form it is deliv-
ered to the user where it is normally diluted with an equal
weight of water. Therefore, the composition in the etch-
ing operation contains in the order of about one-half the
percentages of the ingredients given in the following
example.

The preferred composition comprises:

7.9% citric acid

7.1% 28° Baumé ammonia
10% xylene sulfonic acid
37%2% phosphoric acid
37%2% water

In the above composition the sequestering agent, which
is also an organic reducing agent, is a citric acid or citric
acid combined with ammonia. This composition diluted

.- with an equal weight of water was used for etching an

aluminum alloy known as Aluminum 61 ST 0.04”, one of
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the more difficult aluminum alloys to etch. The follow-
ing results were- obtained:

Using only two minutes of treatment at a temperature
of 25° C. the etched aluminum alloy sheets tested a
micro-ohm resistance of 55. Maintaining the same time
of treatment and increasing the temperature the etching
becomes progressively more effective until at a tempera-
ture of 35° C. the etched sheets exhibited a micro-ohm
resistance of about 3.2. Further raising the temperature
of treatment to about 45° C. maintaining the same two
minutes of treating time the effectiveness of the treatment
decreased slightly but only to about a micro-ohm re-
sistance of 3.7 at the temperature of 45° C. By increas-
ing the time of treatment from two minutes it is found

that the effectiveness of the treatment is iraproved at the 1.

lower temperatures and becomes more consisient or inde-
pendent of the temperature of treatment. Thus, for ex-
ample, using the treating time of eight minutes at a
temperature of 25° C. the etched sheets tested 7 micro-
ohms resistance.
C. the etched sheats tested 7 micro-chms resistance and at
45° C. and eight minutes of treatment the etched sheets
tested 3 micro-ohms resistance. Increasing the treating
time to fifteen minutes the micro-ohms resistance of the
etched sheet was 4.5 at 25° C., 4.3 at 35° C,, and 3.9 at
45° C.

It is to be noted that throughout the entire range of
time of treatment of from two to fifteen minutes and
throughout the entire temperature range of from 25° to
45° C. satisfactory etching was obtained and that at the
longer period of treatment, fifteen minutes, the etching is
much superior to that obtained with prior processes and
at the same time substantially independent of time.

It is further found that the aluminum and aluminum
alloy sheets etched by the process of the present invention
have a property of remaining free of aluminum oxide for
a longer vericd of time than those etched by other proc-
esses, Satisfactory welding may be carried out on sheets
etched by the process of the present invention as late as
forty-eight hours after the etching process.

In the foregoing preferred example of the present in-
vention it is understood that citric acid is to be considered

Using eight minutes treatment at 35° :
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but one example of a water soluble aliphatic hydroxy

carboxylic acid which may be employed as a sequestering
agent.

The use of ammonia in the composition is beneficial
but not essential. Ammonia, in combination with the
citric acid or other water soluble aliphatic hydroxy car-
boxylic acid, has a property of improving the sequester-
ing of any zluminum cocmpounds produced in the etching
operation. Likewise, xylene sulfenic acid is but one ex-
ample of an aryl sulfonic acid containing less than 7 alkyl
carbon atoms including, for example, benzene, toluene, as
well as xylene sulfonic acids.

While in the preferred composition it is shown that
the sequestering agent present as 7.9% of the composition
may vary from 1% to 20% with satisfactory results, in
the final diluted bath in which the aluminum and alumi-
num allovs are etched it may vary from % % to 10%.

The proferred composition coatains ammonia in the
order of 2.4% but where ammonia is employed it may
vary from %% to 5% in the concentrated material or
4% to 2% % in the bath in which etching is performed.
The aryl sulfonic acid, which in this example is also an
alkyl aryl sulfonic acid, may vary from 5% to 25% in
concentrated solution, or from 2v2% to 12%2% in the
etching bath. Phosphoric acid may vary from 2212%: to
5214% in the concentrated solution or from 11%4 % to
2614 % in the etching bath, the balance of the composi-
tion in most cases being water, although the composition
may isclude higher percentages or other non-essential
ingredients.

Thus the process of the present invention consists
essentially of the treatment of aluminum or aluminum
alloys preparatory to spot welding at a temperature pref-
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erably from 25° to 45° C. inclusive, and at a time of
treatment preferably from within 2 to 20 minutes using
a composition which includes essentially a sequestering
agent, an aryl sulfonic acid and phosphoric acid within
the ranges specified.

By this process we obtain etched aluminum and alu-
minum alloys having lower micro-ohm resistance than
those generally produced by prior processes, the process
is relatively noncritical with respect to time or tempera-
ture of treatment, is free of toxic hazard, and the etched
sheets have the property of retaining themselves free of
aluminum oxide coating for longer periods of time,

While the particular examples of the composition
herein described are well adapted to carry out the objects
of the invention, this invention is of the scope set forth in
the appended claims.

We claim:

1. A composition for etching aluminum and aluminum
alloys preparatory to spot welding, said composition
comprising, phosphoric acid, a sequestering agent, and
an ary! sulfonic acid having less than 7 alkyl carbon
atomis.

2. A composition as in claim 1 in which the sequester-
ing agent is a water soluble aliphatic hydroxy carboxylic
acid.

3. A composition as in claim 1 in which the sequester-
ing agent is a water soluble aliphatic hydroxy carboxylic
acid selected from the group comprising citric acid,
tartaric acid, glucono delta lactone and the ammonium
and sodium salts thereof.

4. A composition as in claim 1 in which the sequester-
ing agent is a water soluble aliphatic hydroxy carboxylic
acid in proportions of 2% to 20%, the aryl sulfonic
acid in proportions of 22 % to 25%, and the phos-
phoric acid in proportions of 11%4% to 52%4 %, the
balance being essentially water.

5. A composition as in claim 1 in which the sequester-
ing agent is a water soluble aliphatic hydroxy carboxylic
acid in proportions of 2% to 20%, the aryl sulfonic
acid in proportions of 22 % to 25%, and the phosphoric
acid in proportions of 114 % to 52% %, the composi-
tion also including ammonia from 4% to 5%, the
balance being essentially water.

6. A process of etching aluminum and aluminum al-
loys preparatory to spot welding, which process com-
prises, subjecting the same to etching with a composition
comprising essentially a sequestering agent, an aryl sul-
fonic acid containing less than 7 alkyl carbon atoms,
phosphoric acid, and water.

7. A process of etching aluminum and aluminum
alloys preparatory to spot welding, which process com-
prises, subjecting the same to etching with a composition
comprising essentially a sequestering agent, an aryl sul-
foric acid containing less than 7 alkyl carbon atoms,
phosphoric acid, and water, the sequestering agent being
a water soluble aliphatic hydroxy carboxylic acid.

8. A process of etching aluminum and aluminum
alloys preparatory to spot welding, which process com-
prises. subjecting the same to etching with a composi-
tion comprising essentially a sequestering agent, an aryl
sulfonic acid containing less than 7 alkyl carbon atoms,
phosphoric acid, and water, the time of treatment being
rom 2 to 20 minutes and the temperature of treatment
being from 25° to 45° C.

9. A process of etching aluminum and aluminum
alloys preparatory to spot welding, which process com-
prises, subjecting the same to etching with a composi-
tion comprising essentially a sequestering agent, an aryl
sulfonic acid containing less than 7 alkyl carbon atoms,
phospheric acid, and water, the sequestering agent being
in proportion of %% to 10%, the aryl sulfonic acid
being in the proportion of 2%42% to 1212%, and the
phosphoric acid being in the proportion of 114% to

78 26Y4%.
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10. A process of etching aluminum and aluminum
alloys preparatory to spot welding, which process com-
prises, subjecting the same to etching with a composition
comprising essentially a sequestering agent, an aryl sul-
fonic acid containing less than 7 alkyl carbon atoms,
phosphoric acid, and water, the sequestering agent being
in proportion of %% to 10%, the aryl sulfonic acid
being in the proportion of 212 % to 125 %, the phos-
phoric acid being in the proportion of 11¥4% to 26%4 %,
the composition also including from ¥4 % to 2¥4 % am-
monia.
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