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@ Anodizing process for producing highly reflective aluminum materials.

@ An improved process is provided for the production of anodizing bath containing at least 26 wt.% sulfuric acid and
aluminum reflective material having a high total reflectance the anodizing sheet at a current density of at least 194 A/m?
value. The process comprises controlling the anodizing con- at a temperature of at least 15°C.

ditions of an aluminum alloy by immersing the alloy in a DC
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ANODIZING PROCESS FOR PRODUCING
HIGHLY REFLECTIVE ALUMINUM MATERIALS

This invention relates to anodizing aluminum.
More particularly, this invention relates to improve-
ments in the anodizing to produce highly reflective sur-
faces on aluminum materials.

Highly reflective surfaces may be produced on
an aluminum material by proper selection of the alloy
constituents, bright rolling or mechanical polishing of
the aluminum surface and procéésing of the highly
polished or bright rolled surface in a brightening bath
which may comprise either electrobrighténing or chemical
brightening. The highly Yeflective surface so produced
is then protected by anodizing the aluminum to provide
a thin, transparent, protective layer of aluminum oxide
on the surface as is well known to those skilled in the
art. Various attempts at improving the reflectivity of
the product have been proposed through the years. One
approach is to vary the tYpe of brightener used to treat
the aluminum surface prior to anodizing. Typical of
such an approach is the aluminum phosphate chemical
brightening bath disclosed in U.S. Patent 3,530,048
#hich uses a combination of aluminum phosphate, nitric
icid, phosphoric acid and copper sulfate. The brightened

aluminum surface, according to the patentees, is then

‘anodized in a sulfuric acid bath having a concentration

of from 12 to 20 wt.% at a temperature of 70 to 80°F.
ising a current of about 10 to 15 amperes per square

ioot.

It is also known to vary the alloy constituents
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to improve the reflectivity of the aluminum surface.

U.S. Patent 3,720,508 discloses an aluminum alloy used
in the production of a highly reflective aluminum sur-
face which contains from 0.5 to 3% magnesium, from 0.2
to 0.5% silver, from 0.001 to 0.2% iron and from 0.001

to 0.15% silicon. o

It is also known to provide additives in the
anodizing bath to attempt to improve the bright or
reflective surface of aluminum. For example, U.S. Patent
3,671,333 provides for the addition of a natural or
synthetic hydrophilic colloid to the reflective
aluminum surface during anodizing of the aluminum by add-
ing the colloid to the anodizing bath. Surface coatings
produced during the anodization are alleged to be much
thinner and apparently more compact than previous
anodized aluminum coatings which the patentees allege is
believed to be due to the larger molecule of the colloid
forming as a colloidate on the reflective surface which
apparently compacts the aluminum oxide formed. The ;
thinner coating is then alleged to provide better re-
flectivity while eliminating the disadvantages of a
thin normal anodized coating.

_ Other attempts at varying the anodization pro-
cess include the use of AC anodizing using a sulfuric
acid bath as shown in British Patent 1,439,933. High
current densities of 1 to 10 amperes per sgquare
decimeter (about 10 to 90 amperes per square foot) are
proposed in U.S. Patent 4,252,620 for use with a highly
concentrated sulfuric acid anodizing bath containing
50 to 60% sulfuric acid and oxalic acid or nickel sul-
fate to produce a porcelain-like texture although no
improvement in reflectivity is alleged or apparently
desired by the patentee.

It is, therefore, apparent that little, if
any, attempts have been made to improve the reflectivity
of an aluminum alloy by altering the anodization
parameters to maximize the total reflectivity of the
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anodized aluminum surface of the aluminum material.

It is, therefore, an object of the invention
to provide an improved process for the production of
highly reflective anodized aluminum materials.

It is another object of the invention to
provide an improved process for the production of highly
reflective anodized aluminum materials by optimizing
anodization parameters used to provide the anodized
finish on the reflective aluminum surface.

It is yet another object of the invention to '
provide an improved process for the production of a '
highly reflective anodized aluminum material by prdyid—
ing an improved range of sulfuric acid concentration,
current density and temperature range to be utilized
during the anodization process. 

These and other objects of the invention will
be apparent from the description of the preferred embodi-
ment and the accompanying flowsheet.

In accordance with the invention, an improved
process for the productionof aluminum reflective
material having a higher total reflectance value is
provided which comprises controlling the anodizing con-
ditions of an aluminum alloy'which preferably has been
subjected to bright rolling or othexr mechanical brighten-
ing by immersing the alloy in a DC anodizing bath con-
taining at least 26 wt.% sulfuric acid and anodizing
the sheet at a current density of at least 18 amperes
per square foot at a temperature of at least 60°F.

Figure 1 is a flow sheet illustrating the
process of the invention.™

Figure 2 is a series of contour curves illus-
trating the interrelationship between the anodizing
parameters.

In accordance with the invention, an improved
anodizing process is provided for the production of
highly reflective aluminum material from an aluminum
alloy. The alloy is either bright rolled at the plant
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or else is first mechanically finished or polished to
provide a smooth surface. The material may then be
treated in a brightening bath which may comprise a
chemical brightener or an electro brightener. However,
the use of a brightening bath is not necessary when
the surface is anodized in accordance with the invention.
The bright rolled or pollshed aluminum surface is then
anodized in accordance w1th the invention to provide
the desired highly reflective surface.

Although the process of the invention may be
successfully utilized using any of the conventional
aluminum alloys normally used in the production of
reflectorized aluminum materials, such as aluminum re-
flector sheet or the like, preferably the aluminum alloy
comprises 0 to 2.5% Mg, 0 to 1% Fe, 0 to .2% Cu and
0 to .2% Mn.

The aluminum alloy material used to form the
highly reflective product may comprise as-roclled or
bright rolled sheet or may be subjected to any con-
ventional mechanical polishing techniques as are well
known to those skilled in the art. When the aluminum
material is subjected to a conventional brightening
step, it may, for example, comprise a treatment with a
chemical brightener, such as the Alcoa 5 chemical
brightening treatment. This treatment comprises the
use of a hot mixture of 85% phosphoric acid and 70%
nitric acid which is initially mixed in a 19:1 volumetric
ratio, although this ratio will change during use due
to accumulation of aluminum phosphate in the solution.

The brightened aluminum surface is then
anodized to provide a protective layer of aluminum
oxide over the brightened aluminum surface. In accor-
dance with the invention, a sulfuric acid bath is used
having a concentration of from 26 to 32 wt.% sulfuric
acid, preferably 28 to 32 wt.% sulfuric acid. The
temperature of the bath during anodizing is maintained,
in accordance with the invention, at from about 60 to
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84°F., preferably 67 to 84°F., and most preferably about
73 to 75°F.

The reflective aluminum material is subjected
to DC anodizing, i.e. anodizing using direct current
with the reflective aluminum material serving as the
anode, while maintaining a current density of at least
18 amperes per square foot, preferably from 27 to 72
amperes per square foot, and most preferably, from 30
to 45 amperes per square foot during the time of
anodizing.

After anodizing, the reflector material is
rinsed in deionized water and the anodized coating is
sealed by immersion in hot (95°C.) water or a nickel
acetate solution for 5 minutes and then removed and
dried. Other, more involved, sealing techniques may be
used, but may not be necessary.

The total reflectance of the anodized reflec-
tor may then be measured using an integrating sphere
type total reflectometer such as Dianos TRI Reflecto-
meter which was used to produce the data in the examples
below. Reflective materials, anodized in accordance
with the invention, have total reflectance values-
usually over 80%, and in some instances, over 85%,

The following examples will serve to illus-
trate the invention.

Example 1

A number of sheet samples of 5005 type alloy
were DC anodized in a sulfuric acid bath following
chemical brightening in a hot mixture of 85% phosphoric
acid and 70% nitric acid in a 19:1 ratio. Various
combinations of acid concentrations, current densities
and bath temperatures were used. The results are shown
in Table I.
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Iable I
Total Reflectance
Corrected
As Corrected  Coating(l) Conc.
Sample Rm Coating(l) ‘Thickmess Acid C.D. .
No. (%) Weight (%) (%) (%) (AsF) (°F.)
4 81.8 82.2 82.7 28 36 .74
2 81.3 8l.6 82.3 28 18 - 74
12 81.3 81.7 81.6 - 22 42 84
8 80.8 80.9 81.3 28 36 94
17 80.8 8l.1 81.5 22 27 84
18 80.7 = 81.0 81.7 22 27 84
19 80.7 81.0 8l1.5 22 27 84
1le 80.5 80.7 81.1 22 27 84
20 80.5 80.8 81.5 22 27 84
13 80.4 80.9 80.7 22 27 67
15 80.4 80.7 80.8 22 27 84
7 80.3 80.5 80.8 16 36 94
10 80.1 80.3 80.5 32 27 84
14 79.4 79.4 79.8 22 27 101
1 79.2 79.4 79.8 22 12 84
3 79.2 79.8 80.8 16 36 74
5 79.1 79.1 79.1 16 18 94
9 79.1 79.4 79.4 12 27 84
6 79.0 78.8 79.2 28 18 94
11 78.7 78.7 79.2 22 12 84

(1) Since anodizing parameters produced slight differ-
ences in coating thickness and weight, reflectance
values were corrected to a constant coating thick-
ness or weight.

The above Table I shows the descending order
of total reflectance values of the as-processed samples,
corrected coating weight and corrected coating thickness
values correlated with the processing parameters. Since
variations in anodizing parameters cause differences
in coating weight or thickness that have a known effect
on reflectance, it was necessary to correct the data
to a constant coating weight or thickness to eliminate
this variable.

It will be seen that, in every instance, where
all three parameters were in the range of the invention
a total reflectance (uncorrected) of at least 79% was
obtained. Furthermore, it will be noted that where one
of the parameters is at the low end of the range, this
may be compensated for by adjustment of one or both of
the other parameters. It will.be further noted that
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when all of the parameters fell within the preferred
ranges, the total reflectance was 81.8%.

Example II

To further illustrate the process of the inven-
tion, a number of samples similar to those used in
Example I were brightened as in Example I and then
DC anodized in a 32 wt.% sulfuric acid bath at various
temperatures and current densities. As shown in Table
IT, at this acid concentration, every sample had a
total reflectance of at least 81.3%.

Table IT

Sample C.D. Temperature Total

No. ASF °F. Reflectance
30 12 67 81.3
21 27 67 81.8
24 30 67 81.9
25 36 67 81.8
26 45 67 82.0
27 54 67 82.1
28 63 67 82.0
29 72 67 82.1
32 30 55 81.5
33 30 60 81.5
34 30 67 81.7
37 30 74 81.8
39 30 84 ' 81.8

Based on the data produced in Examples I and II,
a series of contour curves were developed as shown in
Figure 2 to show the relationship between the three
parameters of current density, sulfuric acid concentra-
tion and bath temperature to achieve the desired total
reflectivity.

Thus, the invention provides an improved process
for the production of highly reflective aluminum whereby
control and adjustment of the anodizing parameters can
be made to maximize the total reflectance of thé product.

Example III

To illustrate the process of the invention even
further, various aluminum alloy compositions were buffed,
chemically brightened and anodized using, respectively,

- conventional anodizing practices, i.e., 15% sulfuric
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acid, 70°F., 12 amps per square foot for 10 minutes and
one embodiments of the improved process of the inven-
tion, i.e., 28% sulfuric acid, 74°F,and 42 amps per
square foot for 3 minutes. Alloys with and without
magnesium having various Fe/Si impurity levels were
chosen for the test to illustrate the applicability of
the invention to a wide range of alloy compositions that
might be considered for aluminum reflectors. As shown
in Table IXII, the process of the invention improved the
total 1reflectance on all of the alloy combinations
tested. The table further shows that the amount of im-
provement increases as the purity of the aluminum is

decreased.
Table III
Composition(%) Total Reflectance (%)
Fe .81 Mg Conventional Present Invention
0.45 0.10 0.7 76.4 80.8
0.35 0.10 0.7 78.5 82.0
0.07 .06 0.15 83.2 84.8
0.05 0.04 0.8 84.1 84.9
0.20 0.10 0 83.1 85.0
0.08 0.04 0 84.4 85.5
0.03 0.02 0 84.8 85.8
Example IV

To illustrate another aspect of the invention,
samples of AA3002 and AAS5005 type alloys were treated as
provided in Table IV and percent total reflectance
measured. Samples of AA3002 and AA5005 type alloys,
with and without being subject to a brightening process,
were anodized using conventional and the improved
anodizing. The results in Table IV show that bright
rolled samples not subject to a chemical brightening
process but anodized in accordance with the improved pro-
cess in accordance with the present invention had a high

level of reflectance.
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(Alloy)
Anodizing

Treatment

(AA3002)
None
15% H,SO, ,
12 amps/ft“ 70°F.
30% H,50,
42 amps/ft2 70°F.

(AA5005)
None
15% HZSO4
12 amps/ft2 70°F.
30% HZSO4

42 amps/ft2

70°F.

Table IV

0156521

Total Reflectance (%)

No Bright Dip Bright Dip
Bright Mill Bright Mill
Rolled Finish Rolled Finishr

79.0 73.0 - -

80.8 76.7 84.2 84.2

82.0 78.9 84.9 84.9

80.3 78.7 - -

80.3 76.7 82.8 82.9

82.2 79.4 "83.7 83.8

Thus, the invention provides an improved pro-

cess for the production of highly reflective aluminum

whereby control and adjustment of the anodizing para-

meters can be made to maximize the total reflectance

of the product.
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CLAIMS
1. A process for the production of aluminum reflector

material having a high total reflectance value, characterized
by comprising controlling the anodizing conditions of an
aluminum alloy by immersing the alloy in a DC anodizing

bath containing at least 26 wt.$% sulfuric acid and

anodizing the sheet at a current density of at least 194 A/m2
(at least 18 amperes per square foot) at a temperature of

at least 15°C. (at least 60°F.).

2. The process of claim 1, characterized in that

said sulfuric acid concentration is from 26 to 32 wt.#%.

3. The process of claim 2, characterized in that said
sulfuric acid concentration is from 28 to 32 wt.%.

4, The process of any one of claims 1 to 3, character-
ized in that said current density is from 194 to 775 A/m2
(from 18 to 72 amperes per sguare foot).

5. The process of claim 4, characterized in that said
current density is from 290 to 775 A/m2 (from 27 to 72
amperes per sguare foot).

6. The process of claim 5, characterized in that

said current density is from 323 to 484 A/m®> (from 30 to 45
amperes per square foot).

7. The process of any one of the preceding claims,
characterized in that said temperature is from 15 to 29°C.
(fxrom 60 to 84°F.).

8. The process of claim 7, characterized in that

said temperature is from 19 to 29°C. (from 67 to 84°F,).

U.S. 590323 POWER
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PROVIDING AN ALUMINUM ALLOY
CAPABLE OF PRODUCING A
HIGHLY REFLECTIVE SURFACE

IMMERSING THE
ALUMINUM ALLOY IN A DC

{ ANODIZING BATH CONTAINING FROM
26 TO 32 WT.% SULFURIC ACID

ANODIZING THE ALUMINUM ALLOY
USING A CURRENT DENSITY OF FROM
I8 TO 72 AMPS PER SQUARE FOOT

MAINTAINING THE TEMPERATURE
OF THE ANODIZING BATH AT
FROM 60° TO 85° F.

PRODUCING AN ALUMINUM ARTICLE
HAVING A HIGHLY REFLECTORIZED SURFACE
WITH AN ENHANCED TOTAL REFLECTANCE
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