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This invention relates to the treatment of aluminum 
surfaces which are to be contacted with hydrogen per 
oxide. More particularly, it relates to containers or equip 
ment for storing or handling hydrogen peroxide and to 
the treatment of aluminum surfaces thereof to improve 
the resistance of such surfaces to attack by hydrogen 
peroxide. 
Aluminum and aluminum alloy containers and equip 

ment are used extensively for storing, shipping and han 
dling hydrogen peroxide. However, hydrogen peroxide 
solutions tend to corrode or pit aluminum, particularly 
when the hydrogen peroxide solution contains Small or 
even trace concentrations of chlorides or heavy metal 
compounds. Heavy metal impurities in the aluminum 
surface also enhance attack by the Solution. Moreover, 
solution of the aluminum as a result of such attack and 
impurities introduced from the aluminum surfaces de 
crease the stability of the peroxide solution. 
Aluminum and aluminum alloys can be made more 

resistant to attack by hydrogen peroxide solutions by pre 
treating the surfaces thereof with nitric acid, as hereto 
fore proposed. Such a pretreatment has a passivating 
effect on the aluminum and leaves on the surfaces a pro 
tective aluminum oxide coating. Other acids such as 
phosphoric, sulfuric and hydrochloric acids have also 
been proposed for pretreatment of aluminum containers 
for hydrogen peroxide. In all such methods, the alu 
minum surfaces to be treated should be thoroughly clean 
and, when necessary, it is common practice to degrease 
the aluminum with a solvent such as trichloro-ethylene, 
and/or to wash the aluminum with a solution of an alkali 
before treating the aluminum with the acid. 
While previously proposed nitric acid treatments are 

beneficial, the oxide coatings formed thereby are not as 
resistant to attack by hydrogen peroxide as is desired. 
Moreover, such oxide coatings are quite porous and ad 
sorptive, which is objectionable since they tend to adsorb 
and retain impurities including those which catalyze 
peroxide decomposition. 

It is an object of the invention to provide aluminum. 
and aluminum alloy surfaces having improved protective 
oxide coatings thereon which increase the resistance of 
such surfaces to attack by hydrogen peroxide Solutions. 
A further object is to provide a method for producing 
such protective oxide coatings on aluminum and alu 
minum alloys. Another object is to provide an improved 
method of packaging hydrogen peroxide, and also in 
proved hydrogen peroxide packages. Still other objects 
will be apparent from the following description. 
The objects of the invention are accomplished by treat 

ing the surfaces of aluminum or aluminum alloys which 
are to be contacted with hydrogen peroxide with nitric 
acid to form an aluminum oxide coating on such surfaces, 
and then subjecting the oxide coating on such surface 
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to the action of hot water or steam whereby the oxide 
coating is rendered non-porous and non-adsorptive. Pref 
erably, the resulting coating is then passivated by cont 
tacting it with an aqueous hydrogen peroxide solution of 
20% or greater strength for about 0.5 hr. or longer. In 
a preferred embodiment, the above method is applied to 
a vessel having an interior aluminum surface to provide 
a non-porous non-adsorptive protective oxide coating on 
said surface having improved resistance to attack by hy 
drogen peroxide. - 
The invention and its advantages are illustrated by the 

following examples in which all percentages are by Weight. 
EXAMPLE 1. 

Test strips 2 in. wide and 3 in long of aluminum (2S 
grade containing 99.6% aluminum) were cleaned with a 
2% NaOH solution for 2 minutes at room temperature, 
washed, immersed in 50% nitric acid solution at 20 to 
30° C. for 20 minutes, thoroughly washed with Water, 
then divided into Groups A and B. At this point, the 
strips of both groups had a uniform oxide coating resulting 
from the nitric acid treatment. 
The test strips of group A were then subjected to an 

accelerated corrosion test which involved immersing them 
at room temperature in a water solution containing 5% 
NaCl and 0.4% H2O. Within 10 to 15 minutes, nu 
merous gas bubbles had formed on the strips, the strips 
had darkened considerably, and a flocculent precipitate 
of aluminum hydroxide had formed in the solution. 
These results show that the strips were attacked by the 
solution, 
The strips of group B were submerged in boiling water 

for 10 minutes, after which they were cooled and sub 
jected to the above accelerated corrosion test under the 
same conditions. There was no visible evidence of at 
tack after 4 hours in the solution. 

EXAMPLE 2. 
A number of aluminum test strips were cleaned, treated 

with nitric acid and washed as described in Example 1, 
then divided into groups A, B, C and D. 
The strips of group A were immersed in a 1% solu 

tion of an anthraquinone sky blue dye at 25 to 30° C. for 
24 hours. The strips adsorbed dye and the adsorbed dye 
was not removed by washing, and only with difficulty by 
scrubbing with pumice. 
The strips of group B were submerged in boiling water 

for 15 to 60 minutes, removed, cooled, and then treated 
with a dye solution as described for the strips of group A. 
The strips of group B did not adsorb dye from the solu 
tion. 
The strips of group C were immersed for several hours 

in a 1% Solution of ferric ammonium sulfate, then thor 
oughly Washed. Application of a 1% solution of potas 
sium ferrocyanide to surfaces of the treated strips de 
Veloped numerous blue areas. Similar application of a 
1% solution of ammonium thiocyanate developed red 
areas. These results show that the oxide coating formed 
by the nitric acid treatment readily adsorbed iron come 
pounds from the ferric ammonium sulfate solution. 
The strips of group D were submerged in boiling water 

for 15 to 60 minutes and then subjected to the tests de 
scribed for the strips of group C. Results showed that 
the strips of group D did not adsorb iron compounds. 
The results of the above example show that the boiling 

water treatment converts the oxide coating resulting from 
the nitric acid treatment to a non-adsorptive coating. 
Such a coating is highly desirable for the interior of 
aluminum containers such as drums in which hydrogen 
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peroxide is stored and shipped. Between fillings with 
hydrogen peroxide the interior surfaces of such con 
tainers are frequently subjected to contact with solutions 
containing impurities. These are readily adsorbed by 
oxide coatings which have not been rendered non 
adsorptive by the hot-water treatment. 

EXAMPLE 3 
A number of aluminum strips were cleaned, treated. 

with nitric acid, washed and divided into groups. As and 
B as described in Example 1. Those of group A were 
then submerged in boiling water for , 15 to 30 minutes. 
The weights of the oxide coatings on the strips of both. 
groups were then determined by weighing the washed. 
and dried strips, both before and after removing the 
oxide coating by treatment with an aqueous solution 
containing 5.3% HPO, and 10% . CrOs. The results 
showed that the coating on the strips of group A was 
about 50% heavier per unit area: than the coating on 
the strips of group B. Thus, a substantially heavier 
coating resulted when the nitric acid treatment was sup 
plemented by a Subsequent boiling water treatment. 

EXAMPLE 4. 
- Strips of aluminum were treated with nitric acid and 
boiling water as described in Example 1. Portions of 
the surfaces of the strips - were then covered with 35% 
aqueous hydrogen peroxide containing about 130 mg. 
per liter each of sodium stannate and sodium pyrophos 
phate. Examination of the covered areas at 10 to 50 
diameters magnification showed that bubbles formed on 
the surface due to decomposition of the peroxide. After 
Several applications of such a peroxide solution to the 
same areas, no further decomposition of the peroxide 
was indicated. The same results were obtained in simi 
lar tests using hydrogen peroxide solutions of 50% and 
70% strength. In each instance, gasing at the area cov. 
ered by the solution decreased with each additional appli 
cation of the solution until after about 2-5 applications. 
Substantially no gasing occurred. 
The interior surfaces of aluminum, drums which had 

been treated with nitric acid and then with hot water. 
showed a similar behavior. Thus, the stability of per 
oxide solutions stored in such treated drums improves 
sharply after first being passivated by contact with per 
oxide solution. 

EXAMPLE.5 
A set of drums (A) fabricated of 2S. grade (99.6%) 

aluminum were cleaned then filled with 50% nitric acid 
and let stand at room temperature 3 to 5 hrs. After 
Washing thoroughly, the drums were filled with live steam 
for 0.5 hr. 
A second set of drums (B) fabricated of a 52S grade 

of aluminum (aluminum containing 2.5% magnesium 
and 0.25% chromium) was treated in the same way as 
set A. Still a third set of drums. (C) fabricated of the 
same grade of aluminum as set. A was treated the same 
Way except that the steaming treatment was omitted. 

All three sets of drums were then filled with aqueous 
hydrogen peroxide solution. The pH and HO content 
of the solution in each drums were: determined at the 
beginning of the test and again after an 8 week storage 
period. Accelerated decomposition, or stability tests 
Were also determined for the solution in each drum 
initially and after 8 weeks. These tests involved heat 
ing. Samples of the solutions at 100° C. for 15 hrs., and 
determining at the beginning and at the end of the test 
period the amount of hydrogen peroxide-present. The 
difference, representing hydrogen peroxide lost by decom 
position, Was: calculated as percent hydrogen peroxide 
lost, based upon the amount present at the beginning of 
the test. The results below show that the Steaming treat 
ment following the treatment with nitric acid decreases 
substantially the amount peroxide lost during storage and 
increases: Substantially the stability of the peroxide. 

4. . . . . . . . 

Average solution tests results 

At After Change 
Beginning 8 Weeks 

5 -|--|--|-- 
Orum. Set A: 
pH of Solution.---------------- 3.6 3.5 0. 
H2O. Cone, Percent.------. 35.04 34.9 0.13 
Stability Test (100° C.), Per 

cent------------------------ 0.50 0.57 O. O. 
Drum Set, B: 

O pH of Solution---------------- 3.6 3.5 0. 
F2O2. Conc., Percent---------- 34.98 34.86 0.2 
Stability Test (100° C.), Per 
cent------------------------ 0.32 0.38 0.06 

Drum Set C: - 
pH of Solution.--------------- 3. 3.6 0,1 

Og Conc., Percent. 35.00 34.7 0.23 
Stability. Test (100° C.) - 

5 cent. -------as a r a saw a was - a - 0.57. 0.82 0,25 

Nitric acid of 40 to about 55% strength is preferred 
for use in forming the initial oxide coating, although 
solutions of strength ranging from about 25 to 75% are 

20 generally useful. The treating time should be at least 
about 10 minutes but may be several hours if desired. 
If the aluminum surface is badly contaminated, two or 
more successive treatments with nitric acid may be desir 
able. In addition to forming an oxide coating, the acid 
treatment also serves to dissolve and remove from the 
aluminum surface, occlusions of heavy metals (usually 
chiefly iron) and other impurities adventitiously pres 
ent. Generally, it is desirable to repeat the nitric acid 
treatments until tests show the effluent acid to be sub 
stantially free of iron, 

Following the treatment with nitric acid, the resulting 
surface is thoroughly washed with water. It is impor 
tant that water of good purity be used for this purpose 
since the oxide coating at this stage is porous and adsorp 
tive. Distilled water or water deionized by ion-exchange 
methods is generally satisfactory. 
The initial porous, adsorptive oxide coating is rendered 

non-porous and non-adsorptive by subjecting it to the 
action of water, either as liquid or vapor, at a tempera 
ture of at least 80° C. A treatment time of about 10 
minutes or more generally is required but much longer 
times may be used. The aluminum surface with its 
oxide coating, can in some cases be simply immersed 
in boiling water for about 10 minutes or longer. When 

45 the interior surfaces of vessels such as drums are being 
treated, the vessel can be filled with water kept at about 
the boiling point for the desired time. When the inte 
rior surfaces of drums, pipe lines, etc. are being treated, 
it often will be most convenient to subject such sur 

50 faces to the action of live steam, e.g. at temperatures 
up to about 150° C. Any water or steam used for such 
purpose should be of good purity. 

In treating the interior surface of a vessel for shipping 
and storing peroxide, it is generally preferred that the 

55 nitric and the hot water treatments be followed by a pas 
sivating treatment with a hydrogen peroxide solution of 
at least 20%, preferably 35 to 70% strength. A single 
treatment for a few minutes, e.g. 5 to 10 minutes, is bene 
ficial, but a contact time of 30 minutes or longer is 

60 preferred. It is also preferred that the passivating solu 
tion be of good stability and to insure this, it is most 
preferred that it contain a small amount of a peroxide 
stabilizer, such as sodium stannate or a combination 
thereof with sodium pyrophosphate. Other commonly 

65 used peroxide stabilizers may also be used. 
Should it be necessary or desirable to degrease, clean 

or polish the original aluminum surfaces to remove 
grease, dirt, occlusions or roughness, such degreasing, 
cleaning or polishing treatments should precede the acid 

70 treatment in which the oxide coating is formed. 
The method of the invention has been found to increase 

Substantially the resistance of aluminum and aluminum 
alloys (containing a predominant amount of aluminum 
but not more than about 0.5% of heavy metal com 

75 ponents which catalyze the decomposition of peroxide) 
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to attack by hydrogen peroxide, particularly non-alkaline 
hydrogen peroxide solutions. Such solutions when stored 
in aluminum vessels treated in accordance with the inven 
tion are significantly more stable than when stored in 
similar aluminum vessels which have not been so treated 
and little or no attack of the aluminum by the peroxide 
OCCS. 

I claim: 
1. In a method for treating an aluminum surface which 

is to be contacted with hydrogen peroxide, which method 
includes the treatment of such surface with nitric acid to 
form an oxide coating thereon, the improvement com 
prising subjecting said oxide coating on said aluminum 
surface to the action of water at a temperature of at least 
80 C. whereby said oxide coating is rendered non-porous, 
non-adsorptive and more resistant to attack by hydro 
gen peroxide. 

2. In a method of preparing a container for storing and 
handling hydrogen peroxide, which container has an in 
terior surface of aluminum, in which method said interior 
surface is treated with nitric acid to provide an oxide 
coating on said interior surface, the improvement com 
prising subjecting the oxide coating on said interior sur 
face to the action of water at a temperature of at least 
80 C. for a time of at least 10 minutes. 

3. In a method of preparing a container for storing and 
handling hydrogen peroxide, which container has an in 
terior surface of aluminum, in which method the interior 
surface is treated with nitric acid of 25 to 75% strength 
to provide an oxide coating on said interior surface, the 
improvement comprising subjecting said oxide coating on 
said interior surface to the action of water at a tempera 
ture of at least 80° C. for at least 10 minutes. 4. The method of packaging hydrogen peroxide com 
prising subjecting the interior aluminum surface of a ves 
sel to the action of a nitric acid solution of a strength in 
the range 25 to 75% whereby to form an oxide coating 
on said interior surface, subjecting said oxide coating on 
said interior surface to the action of water at a tempera 
ture of at least 80 C., and thereafter placing hydrogen 
peroxide in said vessel. 

5. The method of packaging hydrogen peroxide com 
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6 
prising subjecting the interior aluminum surface of a ves 
sel to the action of a nitric acid solution of a strength 
ranging from 25 to 75% whereby to form an oxide coat 
ing on said surface, subjecting said oxide coating on said 
surface to the action of water at a temperature of at least 
80° C. for at least 10 minutes, passivating the resulting 
coating on said surface by contacting it with aqueous 
hydrogen peroxide of at least 20% strength for at least 
30 minutes, and thereafter placing hydrogen peroxide in 
said vessel. 

6. A package comprising a container having an interior 
aluminum surface coated with a non-porous, non-adsorp 
tive oxide coating, and containing a hydrogen peroxide 
solution in contact with said coating, said oxide coating 
having been formed upon said aluminum surface by the 
treatment of said aluminum surface with nitric acid, and 
having been rendered non-porous and non-adsorptive by 
a subsequent treatment with water at a temperature of at 
least 80 C. 

7. A package comprising a container having an interior 
aluminum surface coated with a non-porous, non-adsorp 
tive oxide coating and containing an aqueous hydrogen 
peroxide solution in contact with said oxide coating, said 
oxide coating having been formed upon said aluminum 
surface by the action of a nitric acid solution of a 
strength in the range 25 to 75%, and having been ren 
dered non-porous and non-absorptive by a subsequent 
treatment thereof with water at a temperature of at 
least 80 C. 
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