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ABSTRACT OF THE DISCLOSURE 
Aluminum and aluminum alloy surfaces are prepared 

for metal finishing operations such as anodizing, paint 
ing, bright dipping etc., by immersing them for about 1 
to about 10 minutes at a temperature of about 60° to 
about 170 F. in an acidic solution of a peroxydiphos 
phate compound, such as potassium peroxydiphosphate. 
Optionally, the solution may also contain a fluoride salt. 

This invention relates to the surface preparation of 
aluminum and aluminum alloys for subsequent metal 
finishing operations such as painting, anodizing, plating 
bright dipping, welding, chromating, etc. More particu 
larly, this invention relates to novel acidic compositions 
containing ammonium peroxydiphosphate or peroxydi 
phosphates of the alkali metals and the alkaline earth 
metals and to a process for deoxidizing and desmutting 
aluminum surfaces subsequent to the final metal finish 
ing operation. 

It is an important procedure in the aluminum finishing 
industry, prior to the finishing operations mentioned 
above, to remove the ever-present oxide film which forms 
on the surface of aluminum alloys on atmospheric expo 
sure. A typical method employed in the past by which 
this is achieved is to immerse the previously degreased 
aluminum object in a suitable deoxidizing solution, which 
usually contains oxidizing agents such as chromic acid, 
chromates or dichromates, nitric acid or a mixture of 
these materials in well defined proportions. Their func 
tion is to replace this tenacious oxide film on the alumi 
num alloy by another film more suitable for subsequent 
treatments. 
The use of chromic acid or any other chrome base 

deoxidizing solution in the finishing industry creates waste 
disposal difficulties since these formulations must be 
treated chemically before they can be disposed of safely. 
Also the use of chromic acid in certain finishing shops 
may cause contamination of rinsing waters, bright dips, 
anodizing and plating solutions. Furthermore, the use of 
nitric acid is always accompanied by obnoxious fumes 
which makes for uncomfortable and health hazardous 
conditions as well as corrosive action in many plating 
installations. 
Another procedure frequently used heretofore in the 

aluminum finishing industry as a preparatory step, prior 
to the finishing treatments, consists of etching the alumi 
num alloy in a suitable alkaline solution, thereby remov 
ing substantial amounts of surface metal. During this 
etching process, certain alloying elements of the alumi 
num, which are insoluble in the etching solution, will 
cover the surface in the form of a loose coating form 
ing an unsatisfactory basis for further treatment, and care 
must therefore be taken to see that this loose coating is 
completely removed. This phenomenon is known in the 
industry as Smut formation, and removal of the smut is 
also covered by the term “deoxidizing” as it is used in 
practice and in the present specification and appended 
claims. 
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It is therefore a primary object of this invention to 

provide a novel deoxidizing solution which is free of 
Waste treatment difficulties and wherein the ingredients 
are readily controllable at the room operating tempera 
ture of the solution; also to provide a solution compatible 
with bright dip and anodizing solutions. It is a further 
object of the invention to eliminate adherent films on the 
articles undergoing treatment and the production of 
offensive fumes and insoluble residues in the bath, which 
disadvantages have inherently characterized prior alumi 
num deoxidizing and desmutting operations. Among other 
advantages of the treatment herein disclosed is the fact 
that the bath components used are physiologically safe, 
which makes them well suited for treating aluminum 
objects to be used in the food industry. It is found that 
the deoxidizing action of the novel bath composition here 
disclosed is considerably faster than other existing pro 
prietary deoxidizers. Other features and advantages of 
the invention will be discussed as the description proceeds. 
As previously pointed out, the novel deoxidizing and 

desmutting compositions of this invention contain at least 
One peroxydiphosphate compound which by itself in 
aqueous solution regardless of the concentration will not 
perform as a deoxidizer or deoxidizer-desmutter of alumi 
num or aluminum alloys. Surprisingly, the novel deoxi 
dizing and desmutting solutions of this invention which 
comprise aqueous solutions of a peroxydiphosphate com 
pound Selected from the group consisting of ammonium 
peroxydiphosphate, an alkali metal peroxydiphosphate 
and an alkaline earth metal, and certain acids or acid 
Salts thereof in sufficient amount to provide a solution 
pH of not over 3.0, are excellent deoxidizing and desmut 
ting compositions. The concentration of the peroxydi 
phosphate compound which can be varied over a wide 
range generally will be from about 18 grams per liter 
up to Saturation. Such solutions provide excellent de 
Oxidizing and desmutting action on aluminum and all 
aluminum alloys with the exception of those alloys hav 
ing a high silicon content. These novel aqueous solutions 
are especially useful in deoxidizing and desmutting 
Wrought aluminum and wrought aluminum alloys. Fur 
ther, it has been found that casting alloys with silicon 
content not in excess of 1%, can be handled with these 
Same solutions provided a fluoride anion is included as 
one of the ingredients. 

In the deoxidizing-desmutting process of this invention, 
the peroxydiphosphates react with the aluminum or its 
alloying elements and are reduced to the orthophos 
phates. Thus, the bath after being exhausted, can be con 
Veniently disposed of after neutralization as in the case 
of any other spent acid solution. 

Furthermore, introduction of a suitable wetting agent 
such as any of the well-known surface tension depressing 
ionic or nonionic materials, is found to be of great assist 
ance in removing oxide films from aluminum strip proc 
essed in continuous operation, wherein the aluminum strip 
is moved at high Speed through a trough containing the 
deoxidizing solution and then through a rinsing trough. 
Large quantities of aluminum strip can be processed dur 
ing short periods of time in Such manner. Such treatments 
are impossible with chrome type deoxidizers which require 
very abundant rinsing that cannot be provided in a con 
tinuous operation. 

Another advantage of this formulation is that it will 
not dimensionally alter or affect aluminum objects that 
are immersed, even for very prolonged periods of time. 

Alkali metal peroxydiphosphates which can be em 
ployed in formulating the novel solutions of this invention 
include sodium, potassium and lithium peroxydiphos 
phates while the useful alkaline earth metal peroxydi 
phosphates include calcium and magnesium. 
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As previously pointed out it is sometimes advantageous 
O add a fluoride anion to the novel solutions of this in 
ention and this is especially true with regard to alumi 
hum alloys which contain a considerable amount of silicon 
such as Type 6061, 6063, etc. A wide variety of soluble 
luoride compounds can be employed although it is pre 
erred to utilize a fluoride compound selected from the 
group consisting of NaF, NaHF NHHF, NaSiF, HF, 
HBF4, KF, KHF NaHF, NH4F, KSiF6, FeF and mix 
lures thereof. Generally, sufficient soluble fluoride com 
pound is added to provide a fluoride ion concentration in 
he aqueous Solution of from 0 to about 6 grams per liter. 

5 

O 

Acids useful in preparing the novel compositions of 
his invention include sulfuric, phosphoric, sulfamic, and 
mixtures thereof; acid salts of these same acids, such as 
iodium bisulfate, potassium bisulfate and mixtures there 
of. Preferably, the acid used in preparing the novel de 
oxidizing solutions is sulfuric acid. Sufficient acid, acid 
alt, or a mixture of these two materials is added to the 
lovel bath composition to provide a pH of not more than 
3.0. 
A complete deoxidizing process for aluminum and alu 

ninum alloys utilizing the novel acidic aqueous peroxy 
tiphosphate solutions of this invention together with the 
usual cleaning and etching steps is as follows: 

PROCESS 

1) 3. to 5-minute immersion in a non-etch aluminum 
soak cleaner at a concentration of 8 to 10 oz./gal. and 
at 160° to 180° F., 

2) 30-second cold water rinse, 
3) 1 to 3-minute immersion in an alkaline etchant at a 
concentration of 8 to 10 oz./gal, temperature 160 to 
180° F., 

4) 30-second cold water rinse, 
5) 1 to 10-minute immersion in an acidic aqueous potas 
sium peroxydiphosphate solution at a temperature about 
60° to about 170 F. to desmut and deoxidize the alu 
minum, 

6) 30-second cold water rinse, and 
7) subsequent finishing operations such as: anodizing, 
chromating, etc. 
A similar process in which the etching step is not em 

loyed comprises the following Steps: 

PROCESS II 

1) 3 to 5-minutes immersion in an alkaline non-etch 
aluminum soak cleaner at a concentration of 8 to 10 
oz./gal. and at a temperature of about 160 to 180° F., 

2) 30-second cold water rinse, 
3) 1 to 5-minute immersion in an acidic aqueous potas 
sium peroxydiphosphate solution at a temperature of 
about 60° to about 170 F., to deoxidize the aluminum, 

4) 30-second cold water rinse, and 5) subsequent finishing operations such as: anodizing, 
chromating, etc. 
Generally, the metal surface is immersed in the acidic 
queous peroxydiphosphate bath for about 1 to about 
0 minutes or more and preferably for about 1 to about 
minutes. A useful deoxidizer-desmutter Solution not 

inly must remove Smut and deoxidize the aluminum but 
must also not have a detrimental effect on the metal Sur 
ace with extended immersion times. These requqirements 
re met in the novel acidic peroxydiphosphate Solutions 
f this invention. 
In another aspect, this invention relates to dry com 

ositions which can be dissolved with mixing in Water 
o form deoxidizing and desmutting solutions of the type 
reviously described. The dry compositions of this in 
ention comprise (1) a water soluble peroxydiphosphate 
alt selected from the group consisting of ammonium per 
xydiphosphate, an alkali metal peroxydiphosphate and 
in alkaline earth metal peroxydiphosphate, (2) an acid 
alt of sulfuric acid and, optionally, a soluble fluoride 

5 

20 

30 

35 

40 

4. 
salt. Generally, the novel dry compositions of this inven 
tion will contain the following ingredients in approxi 
mate percentages indicated below: 
Ingredients: Percent by weight 

Peroxydiphosphate Salt ------------------ 5-20 
Acid Salt of Sulfuric acid ---------------- 77-95 
Fluoride Salt -------------------------- 0-3 

Any of the peroxydiphosphate salts, acid salts of sulfuric 
acid, and fluoride salts, previously described in connec 
tion with the description of the novel deoxidizing and 
desmutting Solutions of this invention can be employed 
in preparing the novel dry compositions. 
The pH of the aqueous solution prepared from the 

dry compositions must be less than 3.0 if the resulting 
solution is to operate effectively as a deoxidizing and 
desmutting composition. However, if adjustment of the 
pH is required, it can be conveniently carried out through 
the addition of Sulfuric acid in any needed amount. 

Dry powder compositions offer a number of advantages 
over the liquid compositions especially with regard to 
easier handling and lower shipping weights. Further, the 
use of such dry compositions offers the additional advan 
tage of elimination of the majority of the weighing out 
or measuring operations thus further reducing the possi 
bility of faulty make-up. 
The following examples illustrate various embodiments 

of this invention and are to be considered not limitative. 

Example 
An aqueous solution containing the following ingredi 

ents in the amounts indicated, in addition to water, was 
prepared: 

Potassium peroxydiphosphate (KPO)-120 g/l. 
Sulfuric acid (66° Bé.)-40 m./I. 
pH-3.0 

Aluminum objects prepared from Type 7075 alumi 
num alloy (Analysis: 1.6% . Cu, 2.5% Mg., 5.6% Zn, 
0.2% Cr-balance AI plus impurities) were immersed 
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in a non-etch aluminum soak cleaner having a concentra 
tion of 8 oz./gal. at 170 F., rinsed in cold water, im 
mersed in an alkaline etchant at a concentration of 10 
oz./gal. at 160°F. for 3 minutes during which time a 
heavy dark Smut developed on the surface of the alu 
minum objects, again rinsed in cold water, immersed in 
the above-described solution of potassium peroxydiphos 
phate at a temperature of 70 F. for 3 minutes; and then 
rinsed for 30 seconds in cold water. The thus-treated alu 
minum objects exhibited light and smut-free surfaces 
which provide an excellent base for Subsequent finishing 
operations such as painting, dyeing, chromating, etc. 

Example II 
In this example an aqueous solution having the fol 

lowing composition is employed in treating the Surfaces 
of aluminum objects: 
Lithium peroxydiphosphate (LiP2O3)-105 g./l. 
Sulfuric acid (66 Bé.)-60 ml/l. 
pH-3.0 

Utilizing the same procedure and cleaning and etch 
ing solutions utilized in Example I, aluminum objects of 
Type 2024 alloy (Analysis: 4.5% Cu.., 0.6% Mn, 1.5% 
Mg-balance Al plus impurities) are desmutted and 
deoxidized in the above-described lithium peroxydiphos 
phate solution. The resulting aluminum alloy objects pos 
sess light surfaces completely free of Smut which are highly 
satisfactory for further finishing. 

Example III 

In this example articles made of an aluminum alloy 
having a substantial silicon content are deoxidized and 
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desmutted using an aqueous solution of the following com 
position: 
Ammonium peroxydiphosphate ((NH4)PO)-140 g/l. 
Phosphoric acid (85% strength)-30 ml/l. 
Sulfuric acid (66 Bé.)-60 mi./l. 
pH-3.0 
Aluminum, articles manufactured from Type 6061 alloy 

(Analysis: 0.25% Cu, 0.6% Si, 1.0% Mg and 0.25% 
Cr-balance AI plus impurities) are first cleaned by im 
mersion for 5 minutes at 160 F. in an alkaline non 
etch aluminum soak cleaner at a concentration of 8.5 
oZ./gal., rinsed in cold water for 30 seconds, immersed 
in the peroxydiphosphate solution previously prepared in 
this example for 25 minutes at 80° F. and rinsed again for 
about 30 seconds in cold water. The thus-treated articles 
exhibit aluminum surfaces which are of excellent appear 
ance and well-suited for further finishing operations such 
as phosphating, bright dipping, etc. 

Examples IV-XII 
In these examples articles prepared from Type 6061 

and 6063 aluminum alloys which contain substantial 
quantities of silicon were cleaned, etched and then treated 
at a temperature of 72 F. in an acidic aqueous peroxy 
diphosphate solution in the same manner as described in 
Example I. Pertinent data relating to the acidic peroxy 
diphosphate compositions utilized in these examples is 
shown in Table 1 which follows: 

TABLE 1. 

Example Number----------------------- IV W W VII 

Deoxidizing solution composition: 
Potassium peroxydiphosphate (g-f 
l)--------------------------------- 18, 6 8.6 18.6 8.6 

Sulfuric acid 66 B -- 0, 0 0.0 40... O 40, 0 
NaF (g-il.)------ 2. ------------------------ 
NaHF (gll.). 
NHEF(gl). 
Na2SiFs (g.fl.)-- 
HF (70%) (ml/l). pH of deoxidizing solut 

1 Ingredients shown are in addition to water. 

In each instance the surfaces of the resulting aluminum 
articles, which were smut-free and of light appearance, 
provided a highly satisfactory base for further finishing 
operations. 

Example XIII 
A dry mixture is prepared by admixing 100 g. of finely 

divided sodium bisulfate and 19 g. of finely-divided so 
dium bisulfate and 18 g. of finely-divided potassium 
peroxydiphosphate. This composition, when thoroughly 
mixed, can be stored for long periods of time in appropri 
ate shipping containers without hazard and without de 
terioration. 
An aqueous solution is prepared containing 118 g. 

of the above-described dry mix per liter (pH about 1.6). 
This solution is employed in desmutting and deoxidizing 
articles prepared from Type 7075 aluminum alloy in the 
same manner as set forth in Example I. The thus-treated 
articles possess a light and smut-free surface highly suit 
able for further operations including anodizing, dyeing, 
painting, etc. 

Example XIV 
An acidic aqueous composition containing, in addition 

to water, 120 g./l. of potassium peroxydiphosphate and 
40 mls. of sulfuric acid (66 Bé.) is prepared. 
Aluminum articles constructed of Type 2024 and 7075 

aluminum alloys are first alkaline cleaned, rinsed and 
then immersed in the peroxydiphosphate solution of this 
example for 4 minutes at a temperature of 90° F. to give 
smut-free articles. 
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What is claimed is: 
1. A composition for desmutting and deoxidizing alu 

minum and aluminum alloys consisting essentially of a 
dry admixture of from about 5 to 20 weight percent of 
a compound selected from the group consisting of an 
alkali metal peroxydiphosphate, an alkaline earth metal 
peroxydiphosphate, and ammonium peroxydiphosphate; 
from about 77 to 95 weight percent of an acid salt of 
Sulfuric acid and from 0 to about 3.0 weight percent of 
water-soluble fluoride salt. 

2. The composition of claim 1 wherein the said com 
pound is potassium peroxydiphosphate. 

3. The composition of claim 1 wherein the said acid 
salt of sulfuric acid is sodium bisulfate. 

4. The composition of claim 1 wherein the said fluoride 
salt is sodium fluoride. 

5. A composition according to claim 1 consisting es 
sentially of about 15.3 weight percent of potassium peroxy 
diphosphate with the balance being sodium bisulfate. 

6. A deoxidizing and desmutting solution for aluminum 
and aluminum alloys consisting essentially, in addition to 
water: (1) a soluble peroxydiphosphate compound se 
lected from the group consisting of ammonium peroxy 
diphosphate, an alkali metal peroxydiphosphate and an 
alkaline earth metal peroxydiphosphate in amount of 
about 18 g/l. up to saturation; (2) a soluble fluoride salt 
in amount Sufficient to provide a fluoride ion concentra 
tion in the solution of from 0 to about 6 g/l. and (3) an 
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8.4 ------------------------------ 

acid material selected from the group consisting of sul 
furic, phosphoric and sulfamic acid, the acid salts thereof, 
and mixtures of the said acids and acid salts, in amount 
sufficient to provide a solution pH of not more than 3.0. 

7. The solution of claim 6 wherein the said peroxy 
diphosphate compound is potassium peroxydiphosphate. 

8. The solution of claim 6 wherein the said acid is sul 
furic acid. 

9. The solution of claim 6 wherein said fluoride salt 
is sodium fluoride. 

10. A solution according to claim 6 consisting essen 
tially, in addition to water, potassium peroxydiphosphate 
and sulfuric acid. 

11. A process for deoxidizing and desmutting aluminum 
and aluminum alloy articles which comprises treating said 
articles by immersing them for a period of about 1 to 
about 10 minutes at a temperature of about 60 F. to 
about 170 F. in a solution consisting essentially, in 
addition to water: (1) a soluble peroxydiphosphate com 
pound selected from the group consisting of ammonium 
peroxydiphosphate, an alkali metal peroxydiphosphate, 
and an alkaline earth metal peroxydiphosphate, in amount 
of about 18 g/l. up to saturation; (2) a soluble fluoride 
salt in amount sufficient to provide a fluoride ion con 
centration in the solution of from 0 to about 6 g/l. and 
(3) an acid material selected from the group consisting 
of sulfuric, phosphoric and sulfamic acid, and the acid 
salts thereof and mixtures of the said acid and acid salts, 
in amount sufficient to provide a solution pH of not more 
than 3.0, 

  



3,634,262 
7 

12. The process of claim 10 wherein the said solution 
he peroxydiphosphate compound is potassium peroxy 
liphosphate. 
13. The process of claim 10 wherein the said solution, 

he said acid material is sulfuric acid. 
14. The process of claim 10 wherein the said solution, 

he said fluoride salt is sodium fluoride. 
15. The process of claim 10 wherein the said solution 

onsisting essentially, in addition to water, potassium 
eroxydiphosphate and sulfuric acid. 

8 
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