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This invention relates to the degassing of aluminum and
aluminum base alloys. More particularly, the invention
concerns a novel method for the fluxing and degassing of
aluminum with mixtures of chlorine gas and carbon mon-
oxide gas, or with mixtures of chlorine gas, carbon
monoxide gas, and a diluent gas.

This is a continuation-in-part application relative to co-
pending application Serial No. 747,368, filed July 9,
1958, now abandoned.

It has been common practice in the aluminum and
aluminum alloys industry to pass chlorine through molten
metal in order to remove dissolved gases, chiefly hydro-
gen, and further to free the metal from porosity and
oxide inclusions, and other solid impurities. This process,
also known as fluxing or degassing, generally employing
chlorine gas in full strength or 100% concentration, is
expensive in that it consumes large quantities of chlorine
and also results in loss of aluminum as volatile aluminum
chloride. It also causes unsatisfactory working condi-
tions by reason of the corrosive and toxic gaseous effluents.
In the prior art, proposals have been made at various
times to save chlorine by carrying out the degassing with
combinations of chlorine and a diluent, such as dry air
or nitrogen (Nj), or by conducting the treatment in an
atmosphere of dry air. It has also been proposed to
utilize nitrogen gas for degasification of aluminum. In
U.S. Patent 2,380,863, the use of either carbon dioxide
or carbon monoxide is suggested for treatment of molten
magnesium-base alloys prior to casting. However, in
connection with aluminum, it has been generally thought
that the use of carboa dioxide or carbon monoxide would
be deleterious in that these gases in contact with molten
aluminum would be reduced to free carbon, which in
turn would react with the aluminum to form undesirable
aluminum carbide, Al;C;. Hence in U.S. Patent 2,369,-
213, the use of a treating mixture of chlorine and boron
trichloride is proposed in order to bring about decarburi-
zation of the molten metal bath and the avoidance or
destruction of undesirable metal carbides. Hence it was
both surprising and unexpected to discover, in accordance
with the present invention, that a marked improvement
was brought about in the fluxing and degassing of alumi-
num and aluminum alloys by the use of a fluxing gas con-
taining both chlorine and carbon monoxide.

The use of a fluxing mixture of chlorine gas and car-
bon monoxide gas, in accordance with this invention,
accomplishes degasification of aluminum or aluminum
base alloys to a far greater extent than is attainable by
the use of either of these gases separately. -Thus, as
measured by the rise in the density of the metal in a
standard vacuum gas test, the degasification of the alumi-
num or aluminum base alloy is completed in half the time
required for degasification using 100% chlorine gas.
Even those alloys known to be most recalcitrant to de-
gasification yield to the new treatment in greatly short-
ened periods of time.

The carbon monoxide enhances the effect of the chlorine
gas by its presence and hence is not acting merely as a
diluent for the chlorine gas. In contrast thereto, a mix-
ture of chlorine and a true diluent gas, such as nitrogen,
shows fluxing characteristics approximately the same as
those exhibited by 100% chlorine, even where the amount
of nitrogen present is as high as 95%.

In accordance with this invention, molten aluminum or
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aluminum base alloys are treated by bubbling through the
molten metal either (a) a gaseous mixture of chlorine and
carbon monoxide, or (b) a gaseous mixture of chlorine,
carbon monoxide, and a diluent gas. The use of a diluent
gas is a matter of choice or convenience and does not
materially influence the results. v

In accordance with another aspect of this invention,
molten aluminum or aluminum base alloys are treated by
means of chlorine gas, or of chlorine gas in admixture
with a dilient gas, in the presence of a material capable
of liberating carbon monoxide under the conditions of
treatment. Thus, there may be used in combination with
the chlorine gas, solid fluxes which are capable of releas-
ing carbon monoxide in contact with the hot molten
aluminum bath. Preferably, however, the carbon mon-.
oxide in this aspect of the invention is supplied by a
material which is capable of generating or liberating it
under the fluxing conditions. Thus, if carbon dioxide and
chlorine, or a mixture of carbon dioxide, chlorine and. a
diluent gas or gases, is supplied to the molten aluminum
through a carbon (graphite) tube at the high temperature
in question, the carbon dioxide is at least partially reduced
to carbon monoxide, under contact with the hot carbon
of the tube. )

When using pure carbon dioxide gas in combination
with chlorine, or with chlorine and a diluent gas, a slight -
excess percentage by volume is supplied in order to pro-
vide the desired concentration of carbon monoxide to be
obtained by carbon reduction in the graphite tube.

It might be supposed that under these conditions there
would be a tendency toward formation of toxic carbonyl
chloride or phosgene gas, but at the elevated temperatures
which prevail, this product is either not formed, or if
temporarily formed, is immediately decomposed, since
tests at the tube exit have failed to indicate its presence
in the effluent gases.

When it is desired to utilize a readily available source of
carbon dioxide (and some monoxide), it has also been
found, in accordance with another embodiment of the in-
vention, that the chlorine may be supplied to the molten
aluminum admixed with a suitable volume of an exother-
mic gas such as produced by General Electric Company’s
“Exogas” generator. Said gas is used to furnish a pro-
tective atmosphere for heat treating in the steel and alu-
minum industries, and is made by burning natural gas or
hydrocarbons such as methane, propane, butane, liquefied
petroleum gas, and the like with air in presence of a nickel
catalyst. “Exogas” has the approximate composition
11.8% CO,, 1.8% CO, 0.2% Oy, traces of hydrogen and
methane, balance nitrogen, and a dewpoint of approxi-
mately -}-65° F., thus providing a source of both carbon
dioxide (and carbon monoxide) and nitrogen. In ac-
cordance with this invention, it has been found that favor-
able fluxing results are obtainable with a mixture of ap-
proximately 10% chlorine and 90% of “Exogas” by vol-
ume, introduced through a hot graphite tube. .

In accordance with one aspect of this invention, molten
aluminum or aluminum base alloys are treated by passing
through the molten material a gaseous mixture consisting
essentially of chlorine and carbon monoxide. The ratio
of the two gases is subject to a wide degree of variation,
and good results can be obtained with mixtures contain-
ing as little as 5% of chlorine and 95% of carbon monox-
ide, by volume. Conversely, there can be used a mixture
containing, for example, 95% chlorine and 5% of carbon
monoxide. Preferably, however, the ratio of chlorine to
carbon monoxide will range from about 2:1 to about 1:4,
i.e. from a mixture containing about 67% chlorine and
about 33% carbon monoxide, to a mixture containing
about 20% chlorine and about 80% carbon monoxide.
The treatment temperature of the metal is between its
melting and vaporization points, and ordinarily lies in the
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range of about 1300° F. to about 1500° F. but this tem-
perature is not critical. The treating mixture may be
supplied to the molten metal through a carbon (graphite)
or an iron fluxingz tube. However, where a carbon flux-
ing tube is used, the appropriate mixture may be produced
. in situ by passing chlorine and carbon dioxide through
the tube, the carbon dioxide being at least partially re-
duced to carbon monoxide in contact with the carbon of
the tube. Alternatively, such a mixture of chlorine and
carbon dioxide may itself also contain some carbon
monoxide, the content of the latter being augmented by
 the carbon monoxide resulting from reduction of the
carbon dioxide present,

In accordance with a second aspect of the invention,
molten aluminum or aluminum base alloys are treated by
passing through the molten metal a gaseous mixture of
chlorine, carbon monoxide, and a.diluent gas.. The dilu-
ent gas may be, for example, nitrogen or air. As indi-
cated previously, the use of a diluent gas is a matter of
convenience or economy and does not materially affect
the results. Within the mixture of .chlorine, carbon
monoxide, and diluent gas, the ratio of chlorine to carbon
monoxide is again subject to wide variation, as is the pro-
portion of chlorine gas in the mixture. The proportion
of chlorine may range from about 5% to about 90% by
volume. Advantageously, however, the concentration of
chlorine in the mixture of chlorine, carbon monoxide and
diluent gas, is maintained at between about 5% and about
15% by volume, and preferably at about 10% by volume.
While a ratio of 10:1 of chlorine to carbon monoxide, i.e.
about 0.5% carbon monoxide by volume will produce
good results, the ratio of chlorine to carbon monoxide in
the mixture preferably lies between about 2:1 and about
1:4, The proportion of volume of carbon monoxide will
preferably, however, be about equal to that of chlorine.
Thus, a preferred embodiment of the invention is a treat-
ing mixture consisting, by volume, essentially of 10%
" ‘chlorine, 10% carbon monoxide, and 80% diluent gas,
such as nitrogen or air. Here also the treating mixture
may be supplied to the molten metal through a carbon
(graphite) or iron tube. The treatment temperature also
lies between the melting and vaporization temperatures of
the metal, and generally between about 1300° F. and
1500° F., but this temperature is not critical, As men-
tioned previously, where a graphite tube is employed,
there can be supplied a mixture of chlorine and carbon
dioxide and a diluent gas, the carbon dioxide being re-
duced to carbon monoxide by the carbon of the tube.
For .this purpose, the mixture of chlorine and “Exogas”
previously described is especially suitable,

The novel method of the present invention is applicable
to pure aluminum and also to aluminum alloys. Among
the commercially important aluminum alloys which have
hitherto presented formidable obstacles to effective de-
gassing when using pure chlorine, but which exhibit a
faster degassing rate and higher final density when treated
with the chlorine-carbon monoxide mixture of the present
invention, may be mentioned No. 7075, an alloy contain-
ing about 2.1-2.9% magnesium, 1.2-2.0% copper, 5.1
6.1% zinc, 0.18-0.40% chromium, up to 0.50% silicon,
0.70%. iron, 0.30% manganese, and 0.20% titanium, bal-
ance substantially aluminum; No. 2014, an alloy contain-
ing about 3.9-5.0% copper, 0.20-0.80% magnesium,
0.40-1.20% manganese, 0.50~1.20% silicon, up to 1.0%
iron, 0.10% chromium, 0.25% zinc and 0.15% titanium,
balance substantially aluminum; and No. 6063, an alloy
containing about 0.20-0.60% silicon, 0.45-0.90% mag-
nesium, up to 0.35% iron, 0.10% copper, 0.10% man-
ganese, 0.10% chromium, 0.10% zinc, 0.10% titanium,
balance substantially all aluminum. The process will
generally be applicable prior to casting, but is not limited
thereto since it may be used wherever aluminum is re-
melted.

No definite explanation is presently available for the
unusual and unexpected improvement introduced by the
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combined chlorine and carbon monoxide treating pro-
cedure. While applicant does not wish to be bound by
any particular theory, it is suggested that in the alumi-
num alloy to be degassed, hydrogen gas is adsorbed on
colloidal particles of dispersed aluminum oxide. The
action of the chlorine is believed to convert the alumi-
num content of the oxide particles to aluminum chloride,
and the oxygen liberated thereby oxidizes the carbon
monoxide to form carbon dioxide. The release of the
hydrogen is noted by the increased density of the metal.

The rate of gas flow feed may be adjusted to any de-
sired value, depending upon the type of treating appa-
ratus employed, the melting temperature of the metal
being fluxed, size of the feeding tube, and the like.

The fluxing process of this invention may be carried
out in any suitable and conventional apparatus cus-
tomarily used. for this purpose, such as, for example, a
melting furnace of the reverberatory or open hearth type
fitted with one or more graphite or steel tubes for intro-
ducing the gaseous treating mixture. The chlorine, car-
bon monoxide, and other gases may be metered in from
their respective supply cylinders in any desired mixture
using a mixing valve, flow meters, and the like.

The progress of the treatment may be measured by a
standard vacuum gas test, in accordance with which a
sample of molten metal is placed in a chamber under
a given degree of vacuum, e.g. 50 mm. mercury, and al-
lowed to solidify, expanding gas bubbles. The sample
is then weighed and its density (grams per cc.) measured
in order to ascertain how closely it approaches the theo-
retical density of the alloy or pure metal. The density
may be plotted against the fluxing time, the slope of
the resulting curve furnishing an indication of speed of
the degassing of the metal.

The process of the present invention results not only
in greatly accelerated degassing time and in higher final
density of the treated metal, but in more complete degas-
sing, a diminished tendency of the metal to regas, and in a
reduction of the toxicity problem in view of the greatly
reduced concentrations of chlorine used in processing.
Thus, in treating No. 7075 alloy, fluxing was found to
be complete after only 15 to 20 minutes when using a
mixture of 10% chlorine and 90% of “Exogas” (in-
troduced through a graphite tube), as compared with 25
to 40 minutes fluxing time when using 100% chlorine
gas, a saving in time of approximately 100%.

The following. examples and tables serve to illustrate
the favorable results obtainable with the present inven-
tion, but they are not to be regarded as limiting.

EXAMPLE 1

A laboratory, gas-fired open hearth furnace was
charged with 400 pounds of No. 7075 alloy, and tem-
perature of the bath was maintained at between 1300°
and 1350° F. . Fluxing gas was fed into the molten metal
through a graphite tube 2" 0.D., %" LD,, and 6 feet
long, entering the melt at approximately a 45° angle, to
a depth of approximately 12 inches. The treating gas
was_passed in at a rate of 5 cubic feet per hour, and
duplicate samples taken for density tests at 10 minute
intervals until visual observation indicated that degasifica-
tion was complete or until no further substantial increase
in density of the metal was noted. Comparative results
(obtained using 100% chlorine, and 10% chlorine-90%
“Exogas”) are as follows.

(a) 100% chlorine:

Indicated density, g./cc.— Time (mins.)

2. e e 10

235 —— 10

2.50 - - 20

265 o= - 30

270 .- — —— - 40
1 Start.

Hence 40 minutes were required to achieve an indicated
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density of 2.70, which means a good true density close to
the theoretical density of 2.80 of this alloy.

(b) 10% chlorine-90% “Exogas” (compressed “Exo-
gas” at 10 p.s.i.g. back pressure):

Indicated density, g./cc.— . Time (mins.)

2. e - —_— 10
246 e e 10
2T e 20

1 Start.
Hence a good density was achieved ‘in only 20 minutgs.

EXAMPLE 2

Tests were carried out as in Example 1, but using an
iron tube, 2” O.D. 134" ID., and 6 feet long. With
100% chlorine, the results were approximately the same.
Using a mixture of 80% nitrogen, 10% carbon monox-
ide, and 10% chlorine, supplied at a rate of 5 cubic feet
per hour, from separate cylinders, the following results
were obtained:

Indicated density, g./cc.— Time (mins.)
2

e 0
204 e 10
270 13

Thus, with the optimum Cly-CO-N; mixture, a good
density was achieved in only 13 minutes, as compared
with 40 minutes using pure chlorine alone.

Substantially similar results were achieved using mix-
tures consisting essentially of chlorine and carbon monox-
ide, and containing 67% chlorine and 33% carbon
monoxide, 50% chlorine and 50% carbon monoxide; and
20% chlorine and 80% carbon monoxide, respectively, all
by volume.

EXAMPLE 3

Two 400 pound lots of No. 2014 alloy were treated,
respectively, with 100% chlorine and with a mixture of
10% chlorine and 90% air at a flow rate of 5 cubic feet
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(b) 10% Cl; and 90% air:

Indicated density, g./cc.— Time (mins.)
2 e e 0
2 e e 10
2 e e 20
2. e 30
26 e 40

Even on prolonged fluxing, this alloy could not be brought
to good density, but with the technique according to the
invention, a high density of 2.6 was attained in a reason-
able time,

The average ratio of density to flux time, i.e. the slope
of the curve wherein density is plotted against time, is a
measure of the efficiency of the process. The following
tables -show the comparative effects of using iron and
graphite tubes for treatment with various gas composi-
tions:

Table 1
IRON TUBE!1
Average
Test Metal Gas feed composition ratio of
No. treated : density:
flux time
7075 | 10% chlorine, 909 ambient air_______ 1.38
7075 | 10% chlorine, 10% carbon monoxide,
80% nitrogen, 4.4
3. 7075 | 109, chlorine, 909 carbon dioxide.___ 1.4
4 7075 | 10% ehlorine, 209, carbon monoxide,
70% nitrogen. 2.0

127 0.D., 13" 1.D., 6 ft. long, temperature 1350° F., 400 pound batch,
Rate of gas feed 5 c.f.h.

It will readily be apparent from Table 1 that in the
fluxing of No. 7075 alloy, the preferred composition of
the present invention, namely 10% Cl,, 10% CO, and
80% N, greatly exceeded in efficiency any of the other
compositions.

Table 2

GRAPHITE TUBE!

N 40
per hour through a graphite tube.
(a) 100% chlorine: Average
’I‘Nest Mem(l1 Gas feed composition ({atiotof
. . . . 0. treate ensity:
Indicated density, g./cc.— Time (mins.) flux time
2. e 0
e 10 7075 | 100% cehlorine. ______________________ 1.48
2.42 20 7075 | 5% chlorine, 95%, nitrogen.___ 1. 40
e T T T T T T e e e e e 7075 | 809 chlorine, 209, nitrogen..__ - 1.33
. L 30 7075 | 609, chlorine, 409, nitrogen_ ... 1.38
2.64 40 7075 | 109, chlorine, 90% nitrogen___ . 1.63
T T T e e e 7075 | 100% nitrogen ____________ " " Q.75
20 50 7075 | 10% chlorine, 5% carbon monoxide,
0 10§'5%hrfitmgen' % 109 © ) Eg
: 7 ; ine, 90 s—10 . .5
(b) 10% Cl, and 90% air: 703 mfﬁu,;:mgiilgg, 002 amrent a0 2.5
. . . . 2014 |.____ ] .4
Indicated density, g./cc.— Time -.(mins.) %8},% 100%, chlorin (1) é?,
_____ ao .
%‘25 “““““““““““““ - 18 6063 | 10% chlorine, 90¢% ambient air._ 1,00
265 e 20 o " o
127 0.D., 14 1.D., 6 ft. long, 400 pound bateh, temperature 1350° F.,
270 e 30 rate of gas feed 5 c.Lh, .

With this difficultly degassable alloy, a good density was
achieved in 30 minutes using a gaseous mixture and tech-
nique according to the invention, as compared with 50
-minutes using pure chlorine.

EXAMPLE 4

Using a 400 pound batch of No. 6063 alloy, and a
graphite tube as in Example 1, the following comparative
results were obtained.

(a) 100% chlorine:

Indicated density, g./cc.— Time (mins.)

2 e 0
226 10
23 e 20
2.3 e 30
24 40
2 e e e 50

60

65

70

75

What is claimed is:

1. Process for degassing aluminum and aluminum base
alloys which comprises passing through the molten metal
a gaseous mixture consisting essentially of chlorine and
carbon monoxide, the proportion of chlorine being be-
tween about 5% and about 90% by volume, the propor-
tion of carbon monoxide being at least about 0.5% by
volume.

2. Process for degassing aluminum and aluminum base
alloys which comprises passing through the molten metal
in contact with carbon a gaseous mixture consisting es-
sentially of chlorine and carbon dioxide, the carbon di-
oxide being at least partially reduced to carbon monoxide
by contact with the carbon.

3. Process for degassing aluminum and aluminum base
alloys which comprises passing through the molten metal
a gaseous mixture consisting essentially of chlorine, car-
bon monoxide, and a diluent gas, the proportion of chio-
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rine being between about 5% and about 90% by volume,
the volume ratio of chlorine to carbon monoxide ranging
from about 2:1 to about 1:4, the balance of the mixture
being diluent gas.

4. Process for degassing aluminum and aluminum base
alloys which comprises passing through the molten metal
in contact with carbon a gaseous mixture consisting es-
sentially of chlorine, carbon dioxide, and a diluent gas,
the carbon dioxide being at least partially reduced to car-
bon monoxide by contact with the carbon.

5. Process for degassing aluminum and aluminum base
alloys which comprises passing through the molten metal
a gaseous mixture consisting essentially of approximately
10% chlorine, 10% carbon monoxide, and 80% nitrogen,
by volume.

6. Process of degassing aluminum and aluminum base
alloys which comprises passing through the molten metal
in contact with carbon a gaseous mixture consisting es-
sentially of approximately 10% chlorine, 10% carbon di-
oxide, and 80% nitrogen, by volume, the carbon dioxide
being at least partially reduced to carbon monoxide by
contact with the carbon.

7. Process of degassing aluminum and aluminum base
alloys which comprises passing through the molten metal
in contact with carbon a gaseous mixture consisting es-
sentially of approximately 10% by volume of chlorine
and 90% by volume of a mixture of about 10-12%
carbon dioxide, 1.8-2.0% carbon monoxide, balance
nitrogen, by volume, the carbon dioxide being at least
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partially reduced to carbon monoxide by contact with the
carbon,

8. A composition for degassing of molten aluminum
and aluminum base alloys consisting essentially of ap-
proximately 10% chlorine, 10% carbon monoxide, and
80% nitrogen, by volume.

9, In a process for degassing aluminum and aluminum
base alloys by passing through the molten metal a gaseous
mixture containing chlorine as the principal active ingredi-
ent, the improvement which comprises concurrently in-
troducing carbon monoxide into the molten metal.

10. A composition for degassing of molten aluminum
and aluminum base alloys consisting essentially of chlo-
rine, carbon monoxide, and a diluent gas, the proportion
of chlorine being between about 5% and about 90%
by volume, the proportion of carbon monoxide being at
least about 0.5% by volume, and the volume ratio of
chlorine to carbon monoxide ranging from about 2:1 to
about 1:4, the balance of the mixture being diluent gas.
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