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This invention relates to vitreous enamel coated alumi-
nous metal products and is more particularly concerned
with those products which have as the base portion a
heat treatable aluminum magnesium-silicon type of alloy.

Great sirides have been made in developing vitreous
enamel formulations which are adapted to coating alumi-
num and aluminum base alloy articles. These formula-
tions can be satisfactorily fired at temperatures below the
melting point of aluminum and some aluminum base
alloys. While it is necessary to provide an enamel com-
position which is readily fusible below the melting point
of the aluminous metal it is equally important to secure
firm adhesion of the enamel to the metal base. Some of
the enamel coated products in the past have exhibited
areas of poor adhesion with a resultant spalling of the
coating during service which, obviously, is highly ob-
jectionable.

An intensive investigation has been made to find a
heat treatable aluminum base alloy which can be easily
worked, possesses a relatively high melting point and
provides a base for a spall-free vitreous enamel coating.
It has been found that the aluminum-magnesium silicide
type of alloy meets the requirements of high melting
point, ready workability and strength but has presented
problems in maintaining uniform adherence of the enamel
under corrosion conditions. Control of the proportions
of magnesium and silicon, as well as other elements, is
essential, it has been learned. However, such control by
itself has not proved to be entirely effective, especially for
extruded products and hence there has been a demand for
an alloy that will receive and retain an enamel coating
under severe conditions of exposure regardless of the
manner in which the alloy has been worked. I have dis-
covered that the addition of a small amount of nickel to
an aluminum-magnesium silicide type of alloy containing
silicon in excess of that combined with the magnesium is
highly advantageous to improving adherence of a vitreous
enamel coating without detracting from other desirable
properties.

It is an object of my invention to provide an enamel
coated wrought aluminum base alloy article which
possesses a relatively high strength and yet which is sub-
stantially free from spalling of the enamel when given
conventional pre-enameling surface treatment. Another
object is to provide a strong enamel coated solution heat
treatable and precipitation hardenable aluminum  base
alloy article. Still another object is to provide an enamel
coated readily extrudable strong aluminum base alloy
product which is highly resistant to spalling of the enamel.
These and other objects and advantages will be apparent
from the following description and examples of the in-
vention.

My invention is predicated upon the discovery that the
addition of from 0.1 to 0.4% by weight of nickel to an
aluminum-magnesium silicide alloy containing 0.8 to
1.6% by weight of silicon in excess of that required to
form magnesium silicide, Mg,Si, will substantially elimi-
nate the spalling of enamel on an article made of that
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alloy and coated with a vitreous enamel where a conven-
tional pre-enameling surface treatment is employed. The
alloy also is readily workable, especially by extrusion,
and it also responds to solution heat treatment and sub-
sequent precipitation hardening to improve the strength
and hardness. The alloy possesses a satisfactory resist-
ance to corrosion thereby prolonging the useful life of
the enamel coated article when it is exposed to corrosive
conditions. In addition to the foregoing properties and
advantages the alloy has a high enough melting point to
permit firing of commercial enamel formulations with-
out incipient melting of the metal article.

To obtain the desired properties the alloy must, in addi-
tion to nickel, contain magnesium and silicon in propor-
tions sufficient to form from 0.5 to 1.6% by weight of

- the intermetallic compound, Mg,Si, and provide at least

0.8%, but not more than 1.6%, silicon in excess of that
combined with magnesium. Translated into total mag-
nesium and silicon content, including the required amount
of excess silicon, the respective quantities are 0.3 to 1.0%
magnesium and 1.0 to 2.2% silicon. These proportions
must be observed to gain a high strength and to promote
adhesion of the vitreous enamel without melting the alloy
during the enamel firing operation. It has been found
that adhesion of the enamel is imperfect where only those
proportions of magnesium and silicon are used which
correspond to those found in the compound Mg,Si. The
employment of 0.8 to 1.6% by weight of silicon above
that required to form that compound plus the presence of
0.1 to 0.4% of nickel insures substantial freedom from
spailing of the enamel coating in corrosive environments
if the alloy article receives the usual pre-enameling sur-
face treatment.

To improve the strength of the alloy while not detract-
ing from other desirable properties, 0.2 to 0.5% copper
can be added to the composition.

As mentioned above, the presence of nickel, along with
an excess of silicon, is necessary to produce the spall-free
condition of the enamel coating. The two elements with-
in narrow limits exert a strong influence upon the bond
between the enamel coating and the alloy article. With-
out them, some spalling is encountered but if present, the
article is substantially immune to spalling providing a
suitable surface treatment precedes the application of the
enamel. In addition to this effect nickel is also beneficial
to improving the strength of the enamel coated article,
this being an important consideration in many cases. It
is especially significant that the increased strength is ob-
tained without sacrificing any loss in adhesion of the
enamel coating. To achieve these results nickel should
be present in amount of 0.1 to 0.4%. If less than 0.1%
is present no significant improvement in resistance to
spalling is obtained, while if more than 0.4% is present,
there is no further improvement in adherence of the
enamel and the resistance to corrosion is adversely
affected.

In order to gain the benefits arising from the presence
of nickel and the excess silicon, it is necessary to restrict
the impurities in the alloy. The iron content, for ex-
ample; should not exceed 0.25% by weight while the
amount of manganese and chromium should not be over
0.03% each. Titanium can be present up to 0.1% but
zinc should not exceed 0.05%. With respect to im-
purities the alloy may therefore be characterized as be-
ing of the relatively high purity type.
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The alloy can be hot worked by any of the conven-
tional metal working processes and cold worked, if the
latier is required, in the same manner as other alloys of
the aluminum-magnesium silicide type.. In particular the
improved alloy can be as readily extruded as the same
alloy without nickel and is therefore adapted {o the pro-
duction of moldings and similar products of contoured
cross section. It can also be used, of course, for mak-
ing rolled products, such as sheet,

The desired high level of strength is obtained by heat-
ing the alloy article to a temperature above 950° F. but
below the temperature at which any of the alloy con-
stituents melt and rapidly cooling it, as by quenching, to
a much lower temperature, usually room temperature.
Such a treatment causes a solution of soluble elements
within the limits of solubility in solid aluminum at the
treating temperature. The rapid cooling following the
treatment at an elevated temperature preserves to a very
high degree the state of solution existing at the high tem-
perature. Although such a thermal treatment may pre-
cede the enamel coating and firing operations, or it may
follow those cperations if the coating can withstand the
treating temperature without fusion, it is generally more
convenient to combine the enamel firing and solution heat
treatments since the temperatures for these treatments
overlap or coincide. In any case the exposure to the
elevated temperature should be long enough to permit
substantially complete solution of the soluble alloy con-
stituents. If the enamel firing and solution treatments
are combined, then the enamel coated article should be
cooled from the high temperature as quickly as possible
without injuring the coating. If the cross section of the
article is not too great, cooling in air may be adequate,
otherwise an air blast may be required. If the enamel
is to be applied in two steps, such as a ground coat and
a cover coat, then the rapid cooling need onlty be effect-
ed following the second treatment.

To prepare the alloy article for reception of the enamel
coating, the surface should be cleaned and be given any
of the well-known pre-enameling chemical surface treat-
ments, such as with the acid deoxidizer type disclosed in
U.S. Patent 2,719,796 and the chromate-containing solu-
tions disclosed in U.S. Patent No. 2,544,139, with or
without subsequent firing. These treatments are neces-
sary in developing a good bond between the enamel and
the metal base.

The vitreous enamels which can be used to coat the
alloy article are generally of the low melting point lead
borosilicate or lead-free phosphate and silicate types avail-
able on the market which can be fired ai temperatures
between about 850 and 1040° F. These enamels, sup-
plied in dry form, are made into a siurry and applied to
the article in any conventional manner such as by spray-
ing, brushing, dipping or stenciling. The article may be
completely or cnly partially coated, depending upon end
use of the article. It is to be understood, therefore, that
the term coating refers to both conditions. In any case
the enamel formulations used should not have a melting
point above that of the alloy article. ' If a ground coat
is first applied, the atticle is fired, then the cover coat is
applied and the firing repeated.

It will be appreciated that a variety of colors can be
provided by the enamel but coloration can also be pro-
duced by treating the metal surface before the enamel
is applied and employing a transparent type of enamel
coating. )

Upon cooling to room temaperature some natural pre-
cipitation hardening of the alloy will begin and it will
gradually progress over a period of months. However,
to accelerate the precipitation hardening the coated arti-
cles may be heated to a temperature between about 300
and 400° F. for a period of 5.to 24 hours. Hardening
in this manner will develop substantially a maximum
strength.

The adhesion of an enamel coating is commonly de-
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termined by exposure to an accelerated test in a 5%
agqueous ammonium chloride solution in accordance with
the procedure set forth in the Porcelain Enamel Institute
Bulletin Al-1a of June 1956. This test has been cor-
related with service experience and is considered to be a
reliable guide in judging susceptibility to spalling. It is
this test which was used in evaluating the samples referred
to hereinbelow.

In the following tests alloy A represents my invention
while alloy B represents a prior alloy containing no

nickel. The composition of the alloys is given in Table

I below.
TABLE I
Composition of Alloys

Per- | Per- | Per- | Per-| Per- | Per-| Per- | Per-

Alloy cent | eent | cent | cent | cent | cent | cent | cent

Mg} Si Cu | Ni Fe Cr Ti | Zn

AL 0.42 11.3010.28|0.32]0.15]0.02(0.02{ 0.00

12 0.8510.59]0.27 { 0.00 1628 0.18 { 0.07 | 0.00

The alloys were cast and extruded according to con-
ventional practice in the form of a molding. Sections
were cut from the moldings and degreased with a comi-
mercial inhibited alkaline cleaner before being sprayed
with a commercial enamel in the form of a slurry. An
alkaline cleaner was used for this test because it is more
sensitive to variations in alloy composition than the acid
deoxidizer or chromate types referred to above. The
sturry coated sections were fired at 1000° F. for 12 min-
utes and cooled in air to room temperature. The en-
amel coating had a thickness of 3 to 5 mils after it was
fired. One group of sections was stored at room tem-
perature for two weeks before determining the tensile
properties while a second group was precipitation hard-
ened by heating at 320° F. for 18 hours before the tensile
test. The results of the tests are given below in Table IL

TABLE 11
Tensile Properties of Enamel Coated Extrusions

Tensile Yield Percent
Alloy Condition Strength,| Strength,} Elonga-
r.s.i p.sd. tion
Stored two weeks_ ... 31, 500 18,300 17.0
[ A0l 28, 500 18,400 18.0
Hardencd by heating at 41,900 | 36,400 15.5
320° F.

B - do .| 39,300 32,300 1.2

The higher sirength and satisfactory elongation of
alloy A is immediately apparent and demonstrates the
improvement gained from the presence of nickel and a
substantial excess of silicon over that combined with
magnesium. It is also significant that the increase in
strength in alloy A was obtained with about cne-half the
amount of Mg»Si as present in alloy B. )

A portion of the enamel coated sections in the form
of 3" by 4" panels that had been stored at room tem-
perature for two weeks were subjected to the accelerated -
Porcelain Enamel Institute test in a 5% ammonium chlo-
ride solution at room temperature for 96 hours. The
panels were marked off in 152" squares and the number of
spalls noted. Five panels of each alloy were examined
and the results averaged. The percentage of squares
showing no spalling is referred to as the spalling index.

TABLE III

Spalling Test Results on Extrusions

Spalling index
______________________ - 8

The superior resistance to spalling of the extruded alloy
A is evident with respeci to alloy B and illustrates the
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benefit gained from the presence of nickel and an excess
of silicon.

In another series of tests, ingots were cast of alloys hav-
ing the composition shown in Table IV, alloy C represent-
ing my invention and D being an alloy of the prior art.

TAELE IV
Composition of Alloys

Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per-
Alloy cent | cent | cent | cent | cent | cent | cent | cent
Mg | S8 | Ca | Ni | Fe | Or | Ti | Zn
[ & S 0.49 | 1.58 4 0.29 | 0,30 | 0.12-| 0.01 | 0.03 | 0.02
Do e 0.8110.58 | 0.27 | 0.00 | 0.43'| 0,21 | 0.03 | 0.10

The ingots were rolled to sheet form 0.064” in thick-
ness by conventional practice. Sections were cut from
the sheets, degreased in the inhibited alkaline cleaner,
enamel coated and fired by the same procedure as that
followed in preparing the extruded specimens except that
the firing was done in 10 minutes. One group was tested
for tensile properties after standing at room temperature
for two weeks and a second group was heated at 320°
F. for 18 hours before being tested. The results of the
tensile tests are given in Table V.

TABLE V
Tensile Properties of Enamel Coated Sheet

Tensile Yield Percent
Alloy Condition Strength,| Strength,| Elonga-
p.si p.s.d. tion

[ & S — Stored two weeks. ... 39,400 24, 900 21.2
D do 28, 000 13,300 14.5
[ & S Hgggsl%‘ed by heating at 47,200 39,100 12.2
D do._. 36,200 | 28,800 10.0
The higher strength achieved with alloy C is at once

apparent and with a substantially lower Mg,Si content.

The resistance to spalling was determined in the same
manner as described above, 3" by 4” panels being ex-
posed to a 5% ammonium chloride solution for a period
of 96 hours. The spalling index was found by using
the average of five panels. The results are given in
Table VI below.

TABLE VI

Spalling Test Results on Sheet

Alloy: Spalling index
C -- 50
D 31

The greater resistance to spalling of alloy C as com-
pared to that of D is obvious. It must be remembered
that the surface preparation was not one recommended
for commercial use but was one employed for test pur-
poses and hence some spalling was anticipated. - The sur-
face preparation was designed to reveal relative perform-
ance in the accelerated spalling test.

Having thus described my invention and certain em-
bodiments thereof, I claim:

1. A wrought solution heat treated and quenched alu-
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minous metal article having an adherent substantially
spall-free vitreous enamel coating thereon, said aluminous
metal being composed of an alloy consisting essentially of
aluminum, 0.1 to 0.4% by weight of nickel, 0.3 to 1.0%
by weight of magnesium and 1.0 to 2.2% by weight of
silicon, said magnesivm and silicon being present in such
proportions as to form 0.5 to 1.6% of the intermetallic
compound Mg,Si with at least 0.8% silicon in excess of
that required to combine with the magnesium; and a
maximum impurity content of 0.25% iron, 0.03% each
of manganese and chromium, 0.05% zinc and 0.1%
titanium, said article being characterized by a higher
strength and a greater resistance to spalling of the enamel
coating than the same article containing no nickel in the
alloy base and less than 0.8% silicon in excess of that
combined with magnesium. :

2. An article according to claim 1 wherein the alloy
also contains from 0.2 to 0.5% by weight of copper.

3. An article according to claim 1 wherein the alumi-
nous metal portion of the article thereof is in the form
of ‘an extrusion.

4. An article according to claim 1 wherein the alumi-
nous metal portion thereof is in the form of a rolled sheet.

5. A wrought aluminous metal article having an ad-
herent substantially spall-free vitreous enamel coating
thereon, said aluminous metal being composed of an al-
loy consisting essentially of aluminum, 0.1 to 0.4% by
weight of nickel, 0.3 to 1.0% by weight of magnesium
and 1.0 to 2.2% by weight of silicon, said magnesium and
silicon being present in such proportious as to form 0.5
to 1.6% of the intermetallic compound Mg,Si with at
least 0.8% silicon in excess of that required to combine
with the magnesium, and a maximum impurity content of
0.25% iron, 0.03% each of manganese and chromium,
0.05% zinc and 0.1% titanium, said article having an in-
ternal structure resulting from a solution heat treatment
above 950° F. but below the temperature of incipient
fusion, quenching and precipitation hardening, said arti-
cle being characterized by a higher strength and a greater
resistance to spalling of the enamel coating than the
same article in the same condition containing no nickel
and less than 0.8% silicon in excess of that combined
with magnesium.

6. An article according to claim 5 wherein the alloy
also contains from 0.2 to 0.5% copper.

7. An article according to claim 5 wherein the precip-
itation hardening results from heating the quenched arti-
cle to 300 to 400° F. for a period of 5 to 24 hours.

8. An article according to claim 6 wherein the alumi-
nous metal portion thereof is in the form of an extrusion;

9. An article according to claim 6 wherein the alumi-

nous metal portion thereof is in the form of a rolled sheet.
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