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This invention relates to the enameling of
aluminum-rich alloys, i. e., alloys containing at
least 80% by weight of aluminum. More particu-
larly, this invention relates to the chemical and
heat treatment of aluminum-rich alloy structures
followed by the application and firing of a vitre-
ous enamel on the treated surface of the struc-
tures.

In the copending application of Alden J.
Deyrup, Serial No. 635,765, filed December 18,
1945, now Patent No. 2,467,114 issued April 12,
1949, there are pointed out the difficulties en-
tailed in the enameling of aluminum and alumi-
num-rich alloy structures with a vitreous enamel.
The above-said copending application relates to
a new enamel composition which is particularly
suitable for the enameling of aluminum and alu-
minum-rich alloy structures.

Although these new enamels have been highly
successful in the enameling of aluminum-con-
taining structures, in the presence of water or
moisture-laden atmospheres the vitreous enamels
do not adhere so tenaciously to so-called “com-
mercial aluminum-rich alloys” as to commercial
aluminum, i. e., substantially pure aluminum.
Commercial aluminum contains 99% plus alumi-
num, whereas commereial aluminum-rich alloys
contain from slightly greater than 1% to 20% of
particular alloying ingredients, for example,
manganese, magnesium, copper, chromium, zinc
and silicon. The somewhat less tenacious ad-
herence of vitreous enamel to aluminum-rich al-
loys has sometimes proven to be troublesome, par-
ticularly where the enameled aluminum is ex-
posed for long periods of time to weathering or

_highly moisture-laden atmospheres. This re-
sults, not always but sporadically, in a phenome-
non referred to as “water~spalling,” which is evi-~
denced by a flaking-off of the enamel in tiny
flakes exposing bare metal. Water-spalling starts
at exposed metal-enamel interfaces, for example,
at the edges of structures or at pinholes or other,
normally immaterial, sligsht flaws in the enamel

- coating. Water-spalling may progress to minor

failure or even to complete failure if subjected to
long periods of exposure. Water-spalling may be
a slow process and sometimes occurs only after
weeks or months of exposuie to tap water or
weathering.

Tt is an object of this invention to provide vitre-
ous enamel coated aluminum-rich alloys having
an improved resistance to water-spalling.

It is another object of this invention to pro-
duce a vitreous enamel coated, aluminum-rich al-
16y which is free from water-spalling. .

It is still another obejct of this invention to
provide a process for the chemical treatment of

- alurhinum-rich. alloy structures and subsequently
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enameling the same with a vitreous enamel
whereby to produce a product which is much less
subject to, or free from, water-spalling.

Other objects of the invention will appear here-
inafter. _

The objects of this invention may be accom-
plished, in general, by pre-treating the surface to
be enameled of an aluminum-rich alloy structure
with an augeous alkaline solution of a chromate
followed by a heat-treatment at a temperature
between 350° C. and the temperature at which
the aluminum alloy structure is deleteriously af-
fected by heat, usually about 600° C., and then
enameling the so-treated surface with a vitreous
enamel.

The aqueous alkaline chromate solution may
have substantially any degree of alkalinity be-
tween pH 8.0 and pH 14. The desired degree of
alkalinity may be imparted to the solution in any

20 desired manner, for example, by the addition of
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alkali metal hydroxides or by the addition of
salts, such as alkali metal carbonates or bicar-
bonates, which upon hydrolysis produce alkaline
conditions.

Any chromate, including dichromates, which is
soluble in water may be used for the above-said
pre-treatment since it apoears that the chromate
ions in the solution with which the alloy is treated
impart the improved adherence of the enamel to
the treated surface. Alkali metal chromates are
preferred. Dichromates, when added to the al-
kaline solution, will be converted to chromates.

‘The chromate content may vary from 0.25% to

25%, expressed as potassium chromate, 1. e., the
chomate should be present in the solution in a

“concentration equivalent in ion content to a con-

centration of 0.259% to 25% potassium chromate.

The aluminum alloy structures need not gener-
ally be given a particular cleaning treatment be-
fore treatment with the chromate solution; how-
ever, if the surface of the alloy is very greasy it
may be cleaned with grease solvents such as tri-
chlorethylene, or the like.

The chromate solution may be applied to the
surface of the alloy to be enameled in any de-
sired manner; however, it is preferred to immerse
the alloy structure in a bath of said chromate
solution. The chromate sclution may vary in
temperature from room temperature (about 20°
C.). up to the boiling temperature of the solution
(about 100° C.). For convenience of operation,
temperatures below room temperature are usual-
1y not employed. The time of treatment may
vary from one to thirty minutes. After the treat-
ment with chromate solution, it is preferred to
rinse the alloy structure with water to remove
any adhering chromate solution therefrom.

The above-said chromate solution treatment.of
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aluminum-rich alloys improves the adherence to
aluminum of any vitreous enamel having a melt-
ing point below about 580° C. Best results have,
however, been obtained by the use of enamels
of the type disclosed in copending application Se-
rial No. 635,765, above-mentioned. Such enamels
contain:

10 to 18 mole percent PhO

38 to 65 mole per cent SiO2

5 to 12 mole per cent Li:O

0 to 22 moles per cent Na20

0 to 20 mole per cent K20, and
0 to 11 mole per cent TiO:

the total alkali metal oxide content
(Li20++Na:04-K20)

‘of the enamel being between 25 and 36 mole per
cent, and the ratio of the sum of said silica con-
tent and twice the said titanium oxide content
of the enamel to the total alkali metal oxide
content of the enamel being between 1.8 and 3.0,
all of said oxides being melted into the enamel
composition.

In order to obtain best results in adhesion of
the enamel to the chromate-treated surfaces, the
enamel should be fired at a temperature between
480° C. and 580° C., and in some cases preferably
between 480° C. and 510° C. for a period of be-
tween two and thirty minutes. This applies to
both ground and cover coats in case two enamel
coats are applied. ;

It is essential that the alloy, after the chromate
solution treatment and before enameling, be giv-

en 2 heat-treatment at a temperature between :

350° C. and the heat tolerance limit of the alloy.
Preferably, this heat treatment is carried out at
a temperature of between 400° C. and 550° C.
Such heat treatment is necessary to obtain ade-
quate adherence of enamel to the alloy. The pe-
riod of heat-treatment may vary from two to ten
minutes. The heat-treatment may be carried out
in an oven at atmospheric conditions.

The optimum conditions of chromate content
in the alkaline chromate solution, time and tem-
perature of treatment in the chromate solution,
and firing time and temperature of the enamel
will vary, dependent upon the composition of the
alloy being treated. For example, in the case of
the pre-enameling chromate treatment of alu-
minum alloy 61, containing about 0.25% copper,
0.6% silicon, 1.0% magnesium, and 0.25% chro-
mium, with a bath containing four parts by
weight sodium hydroxide, 20 parts by weight po-

tassium chromate and the remainder water, it &

is preferred to treat the same for five minutes
with the temperature of the bath at 50° C. In
treating aluminum alloy 43, containing about 5%
silicon with the same chromate bath composi-
tion, it is preferred to treat it for five minutes
with the bath heated at 40° C. When treating
aluminum alloy 3, containing about 1.2% man-
ganese, with the same bath, it is preferred to
treat it for fifteen minutes at a temperature of
40° C. Any of the above three aluminum alloys
“treated in accordance with the above-said pre-
ferred conditions may be enameled with a firing
temperature of between 480° C. and 560° C.; how-
ever, in the case of aluminum alloy 52, contain-
ing about 2.5% magnesium and 0.25% chromium,
it is preferred, in order to obtain optimum enamel
adherence, to fire the enamel at a temperature
between 480° C. and 510° C. In all of the above
examples the chromate-treated alloy must be sub-
jected to heat-treatment for two to ten minutes
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at a temperature of between 350° C. and the heat
tolerance limit of the alloy before enameling,

In the case of any particular aluminum alloy,
it can readily be determined whether or not suf-
ficient enamel adherence to insure against water-
spalling is obtained by any prescribed course of
treatment. This can be determined by means of
the following accelerated test which correlates
with water exposure results which may take weeks
or months. This accelerated test consists in
chromate-treating and enameling pieces of the
particular alloy to be tested, and then exposing
the enamel-metal interface by gouging, filing, or
scratching the same, and immersing the test sam-
ple in 5% aqueous ammonium chloride solution
for 96 hours at room temperature. If no failure
occurs back one-eighth inch from the edge of the
exposed interface, excellent performance in water
exposure will result from the chromate treatment
and enameling conditions used. The particular
optimum treatment and enameling conditions for
a specific alloy can thereby be established. Once
optimum treatment conditions for a given alloy
have been established and a chromate bath is
used for continued treatment of the alloy struc-
tures or articles, it will, of course, be desirable to
periodically analyze the treating bath and keep
the chromate content and alkalinity of the bath
within a few per cent of their initial value.

The following examples are given to illustrate
certain preferred embodiments of the present
invention, it being understood that the details
set forth in these examples are not to be con-
sidered as limitative. . :

Example I

Aluminum alloy sheet stock composed of
aluminum alloy 61 (containing, by weight, 0.25%,
copper, 0.6% silicon, 1.0% magnesium and 0.259%
chromium) is dipped into a bath consisting of

Parts by weight

Sodium hydroxide ... ___________________ 4
Potassium chromate __________._____________ 20
Water e e 76

and having a temperature of 50° C. After five
minutes, the sheet is removed, rinsed in tap
water, dried, and heat treated at a temperature
of about 500° C. for five minutes. The heat-
treated sheet, after cooling, is then dipped into
a water slurry of an enamel consisting of 38.1%
PbO, 25.3% SiO2, 2.2% Li0, 10.2% Na20, 8.3%
Ke0, 8.1% TiOz, 29% Sb20;, and 4.3% B:20s.
To the water slurry is also added 3% of boric
acid and 0.5% of potassium chromate, based on
the weight of the water in the slurry for the
burpose of obtaining better enameling. The
liquid and solid contents of the slurry are mixed
in such proportions that the sheet, after dip-
ping in the slurry and draining, will contain
between 15 and 30 grams (based on dry weight
of enamel) per square foot for each coating;
several enamel coatings, which may contain pig-

"ments or opacifying agents, with separate fir-

ings being applied if desired. The enamel is
fired at a temperature between 480° C. and
515° C.

After firing and cooling, the enamel-coated
structure is gouged through the enamel coating
and is then placed for 96 hours in a 5% agqueous
solution of ammonium chloride. The coated
structure showed no perceptible water-spalling,

Example IT
Aluminum alloy castings compound of alumi-
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num alloy 43 (containing 5% by weight of sili-
con) is treated with the chromate solution of
Example I having a temperature of 40° C. for
five minutes. The chromate-treated castings
are further processed and enameled in the man-
ner disclosed in Example I. Upon treating with
an ammonium chloride solution as described in
Ezample I no water-spalling was apparent.

Other examples of baths used to advantage to
greatly reduce, or completely prevent, water-
spalling contain:

No. 1 No. 2
Purts by | Parts by
weight weight
89.0 90.0
Potassium chromate. . 2.0 0.5
Sodium bicarbonate. 2.0 2.5
Sodium carbonate. ... ... _.__.__ 7.0 7.0

The temperature of the bath and the treat-
ment period are adjusted for any specific alloy
treated within the above-mentioned temperature
ranges and treatment periods to obtain optimum
results.

Successiul enameling with subsequent high
resistance to failure of bond under prolonged
water exposure may be readily obtained by ad-
hering generally to the following principles:

In variation of time of treatment, treatments

of too short duration cause incomplete protec- -

tion against water-spalling. This may be rec-
ognized by enameling test pieces and subjecting
to the accelerated water-spalling test above.
Treatments of too long duration result in con-
siderable etching. This may result in a loosely
adherent deposit which prevents the enamel
from adhering, so that it comes off locally or
generally during or shortly after cooling. It is
practical to determine times of treatment, if

preferred conditions are departed from, at which ¢

these two defects begin to occur, and then select
a time midway between for practical use.

In variation of temperature of treatment, it
is found that higher temperatures 7require
shorter times. Speedier operation may thus be
secured by appropriate temperature increase, if
desired.

In variation of alkalinity, it is found that more
alkaline baths cause more rapid treatment. It
is desirable to avoid too rapid treatment so that
time of treatment may be practically controlled
at its optimal duration.

In variation of chromate content, increase of
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chromate content generally gives more flexibility -

in time duration of treatment with favorable re- ;

sults, but decreases the speed of action.

Aqueous alkaline chromate solutions have been
used heretofore for treatment of aluminum to
produce desired surface appearance and to im-
prove corrosion resistance. Furthermore, the ad-
dition of even very large amounts of water-
soluble chromates to enamel slurries and slips is
without effect in preventing water-spalling. The
reason why treatment with chromates and heat-
treatment prior to enameling in accordance with
this invention will prevent subsequent water-
spalling of the enamel coating is unknown. It
has, however, been definitely established that the
final enameled alloy contains a chromium com-
pound between the alloy and the enamel.

Reference in the specification and claims to
parts, proportions and percentages, unless other-
wise specified, refers to parts, proportions and
percentages by weight.

.Since it is obvious that many changes and
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modifications can be made in the above-described
details without departing from the nature and
spirit of the invention, it is to ke understood that
the invention is not to ke iimited to said details
except as set forth in the appended claims.

‘What is claimed is:

1. The process of producing vitreous enamel
coated aluminum-rich alloys having an improved
enarel bond which comprises placing the alloy
surface to be enameled in contact with an agqueous
alkaline solution containing between 0.25% and
25% of a water-soluble chromate for a period of
between 1 and 30 minutes, heat-treating the
chromate-treated alloy at a temperature between
350° C. and the heat tolerance limit of the alloy
for a period of 2 to 10 minutes, and then enamel-
ing the so-treated surface with a vitreous enamel
having a melting point below about 580° C. by
applying said enamel to said heat-treated sur-
face and firing the same above the fusing point
of the enamel at a temperature between 480° C.
and 580° C. .

2. The process of producing vitreous enamel
coated aluminum-rich alloys having an improved
enamel bond which comprises placing the alloy
surface to be enameled in contact with an aque-
ous alkaline solution containing between 0.25%
and 25% of a water-soluble chromate and hav-
ing a temperature between 30° C. and the boiling
temperature thereof for a period of between 1
and 30 minutes, heat-treating the chromate-
treated alloy at a temperature between 350° C.
and the heat tolerance limit of the alloy for a
period of 2 to 10 minutes, and then enameling
the so-treated surface with a vitreous enamel
having a melting point below about 580° C. by
applying said enamel to said heat-treated sur-
face and fusing the same above the fusing point
of the enamel at a temperature between 480° C.
and 580° C.

3. The process of producing vitreous enamel
coated aluminum-rich alloys having an improved
enamel bond which comprises placing the alloy
surface to be enameled in contact with an aqueous
alkaline solution containing between 0.25% and
20% of a water-soluble chromate and having a
temperature between 20° C. and the boiling tem-
perature thereof for a period of one to thirty
minutes, heat-treating the chromate-treated al-
loy at a temperature of 400° C. to 550° C. for a
period of 2 to 10 minutes, and then enameling
the so-treated surface with a vitreous enamel
having a melting point below 510° C., the enamel
being fired at a temperature hetween 480° C. and
5i0° C.

4. The process as defined in claim 2 in which
the water-soluble chromate is an alkali metal
chromate.

: ALDEN J. DEYRUP.
JAMES H. PETERSON.
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