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This invention relates to a flux composition for casting
.of aluminum alloys to steel and the like and to methods
of controlling molten salt baths of said flux composition.
This application is a division of our copending applica-
tion Serial No. 344,190, filed March 23, 1953, now
Patent No. 2,881,491, granted April 14, 1959.

More particularly, our invention relates to such a
process in which a fused flux of suitable salts and of
such viscosity as to possess €ase OF freedom of flow, that
is to say, a liquid or fluent flux, is employed to effect the
alloy bonding of the aluminum with the ferrous metal.

The casting of aluminum to ferrous metal in a mold
presents problems not encountered in the conventional
aluminum coating procedures where a flux-treated fer-
rous member is immersed in a bath of the hot molten
aluminum to form a coating or predetermined layer of
the latter thereon. In the mold casting process, the fer-
rous member instead of being immersed in a large mass
of constantly heated molten aluminum, is placed in a
suitable mold into which molten aluminum ladled from
the furnace is poured. A heavy cast layer of aluminum
of substantial thickness is formed integral with the fer-
rous metal body and is of a thickness many times that
obtained by coating steel with aluminum by immersion or
dipping. Necessarily a loss of heat occurs on transfer,
and a longer time interval transpires in the casting process
during which the flux may cool before the aluminum
reaches the flux-treated ferrous metal and fills the mold.
Problems of heat exchange, therefore, arise which are not
usual in a coating procedure. Moreover, in a dip coating
process, if a suitable ductile alloy layer is to be obtained
with the ferrous metal, the molten aluminum where pre-
pared from substantially pure ingot, must usually be em-
ployed at a temperature immediately above its melting
point (1220° F.). Ina mold casting process, in order
to secure an alloy bond, the temperature of the molten
aluminum must be considerably higher than its melting
point and higher than the temperatures usually used in
a dip coating process. We have found that this feature
makes possible a greater latitude in the temperature of
the aluminum in operation.

Furthermore, it has heretofore been proposed to cast
aluminum to a ferrous metal body in a mold by a pro-
cedure wherein the ferrous body is first given a hot dip
or flash coating of the aluminum. According to this
process, the ferrous body is first dipped in a bath of
molten aluminum and then transferred to a mold into
which molten aluminum of the bath is then poured so
that it contacts the flash-coated surface to form an alloy
bond with the ferrous body.

The described process is at best only partially success-
ful and has a number of disadvantages. Unless the in-
terior surfaces of the member are masked with a suitable
graphite wash to protect them from the aluminum bath
they will alloy with the aluminum and leave undesired
aluminum surfaces that will have to be subsequently ma-
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chined off. Also oxidized areas form upon the ferrous
metal surfaces during heating of the ferrous body when
it is immersed in the aluminum bath., The moiten
aluminum does not wet the ferrous surfaces in the oxi-
dized areas, this even when the surfaces are scraped to
break through the oxide layers, and as a result no alloy
bond is obtainable between the cast aluminum and fer-
rous surfaces in these unwetted areas, Stated otherwise,
it is difficult by the recited process to obtain a continuous
aluminum flash coating, and the cast layer of aluminum
subsequently formed is not always provided with a con-
tinuous alloy bond with the ferrous metal. Moreover,
during flash coating of the ferrous body, the molten alu-
minum of the bath dissolves some of the ferrous metal.
This causes particles of a hard high melting point iron
aluminum alloy to accumulate in the bath. In order to
settle out these particles, the bath must be allowed to
stand. ‘This requires a holding period making extra
furpace capacity necessary. If the particles are not per-
mitted to settle out, they may be carried with the molten
aluminum of the bath to the molds when it is subsequently
poured to make the cast layers. There they form hard
spots which make machining of the cast layer difficult.

In seeking a more suitable procedure for successfully
casting aluminum or its alloys to ferrous metal bodies in
a mold, other methods were considered and it was found
that a continuous alloy bond between the cast aluminum
and ferrous metal may be obtained by a process utilizing
a fluent fused flux composition. It was noted, however,
that certain ingredients are essential to the composition
and that proper proportions thereof, the temperature
conditions under which the composition is employed, and
the time interval between removal of the ferrous body
from the flux and the start of pouring of the molten
aluminum are of a critical nature and necessary of care-
ful control in order to obtain good wetting properties and
an acceptable continuous alloy bond between the alumi-
num and the ferrous metal.

For example, careful selection of the character of the
flux composition and of the operating temperatures is
essential to avoid thin spots in the protective flux layer
or more extensive incomplete wetting of the ferrous metal
surfaces, either of which will permit oxidation of the
ferrous metal. Moreover, if the flux is too viscous, an
excessive amount will adhere to the ferrous surface and
may not be easily washed out by the molten aluminum
during casting. If the flux is not completely washed off,
any remainders are likely to produce unbonded spots be-
tween the aluminum and steel which will also be subject
to subsequent corrosion. Improper temperature control
of the operations, improper compositions, and too long
a time interval between fluxing and pouring also con-
tribute to solidification of the flux on the steel before
pouring of the aluminum takes place. Where this occurs,
the flux adheres to the ferrous metal surface with con-
siderable adhesion and must be melted by the aluminum
before it can be washed off. This is unlikely to be
complete.

Accordingly, it is an object of our invention to provide
a process for casting aluminum to ferrous metal bodies
in a mold which utilizes a fused flux composition that
provides good wetting properties relative to the ferrous
metal surfaces to which the aluminum is to be alloy
bonded and which will provide a layer of the flux of
sufficient thickness to completely blanket these surfaces
to effectively protect them from oxidation prior to pour-
ing of the aluminum.

Another object is to provide such a process in which
the ferrous metal surfaces to which aluminum is to be
directly bonded by casting are given a layer of fluent
fused flux composition of sufficient viscosity to be ad-
herent and that will maintain its freely flowable character
prior to and during pouring of the molten aluminum
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such that the latter can push the flux ahead of it, Le.,
float the flux on top of it without leaving flux remainders
as its level changes in the mold,

A further object is to provide such a process wherein
the poured molten aluminum wil completely wet and
cover the ferrous metal surfaces as it removes the flux,
and form a complete and continuous alloy bond
therewith,

An additional object is to provide fused flux composi-
tions operable in the aforesaid processes.

Another object is to provide a control system for com-
pensating for loss of essential ingredients during oper-
ations. ;

Other objects will become apparent from the following
description of the preferred embodiments of our inven-
tion. For the purpose of illustration only, we will de-
scribe our invention as applied to casting collars or muffs
of aluminum on steel sleeves, and in particular to the
making of forged alloy steel barrels with an aluminum
muff which is to be subsequently machined to provide
cooling fins for these barrels which are to form the cyl-
inders in air-cooled tank engines.

In carrying out our invention, we have discovered that
the essential basic ingredients of the fused flux compo-
sition are sodium chloride (NaCl), potassium chloride
(KCI), and patural Greenland cryolite (sodium alumi-
num fluoride—NazAlF;). When used in proper amounts,
these salts make possible a flux composition having ex-
cellent fluxing properties. To these should preferably be
added anhydrous zinc chloride (ZnCl;), which we have
discovered considerably improves the mixture by increas-
ing its viscosity, Other alkali salts such as calcium
chloride (CaCly) or other fluorides such as synthetic or
reduction grade cryolite may optionally be included by
addition or substitution but in limited amounts as will
be hereinafter evident.

Broadly speaking, by our process, the ferrous metal
members after intial treatment by known or hereinafter
described procedures to insure that their surfaces are
clean and free from impurities, are immersed in a hot
fluent fused flux bath (940°-1180° F. melting point)
having a temperature preferably substantially not less
til;a;xz) .l .1_40" F. and preferably not exceeding substantially

The amount of the essential ingredients to use may
vary within certain permissible limits depending upon
the character of parts being treated and the time elapsing
between fluxing and start of pouring of the aluminum.
For example, in some operations especially where the
parts to be treated have a relatively small surface area
and can be rapidly processed between flux treatment and
casting, for example within 30 seconds, the bath may
contain a molten mixture of the following essential in-
gredients in about the amounts stated:

Parts by weight
Sodium chloride .__ i - 7 to 40
Potassium chloride _ - 24 to 44
Natural Greenland cryolite o e ___ 9 to 25
Zinc chloride -— 0 to 34

Although no zinc chloride has been used with success in
certain compositions, it is generally found expedient to
use at least a small amount of this ingredient for its
viscosity control feature. However, if the amount of
zinc chloride exceeds about 25% by weight, excessive
fuming may occur at the higher temperatures and must
be controlled. Moreover, cryolite above 25% causes ex-
cessive sludging. .

Where the ferrous metal surfaces to be treated are
large and are not ideal for bonding, or where a greater
time period is required, for instance up to about 40 sec-
onds, between fluxing and casting, a somewhat closer
range of ingredients is desirable. In such cases the fol-
lowing range of essential ingredients will be found to
be preferable;
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4
Parts by weight
Sodium chloride 25 10 40
Potassium chloride oo ____.__._._____ 25 to 40
Natural Greenland cryolite __._.__._______ 9 to 25
Zinc chlotide oo 10 to 30

The parts are preferably kept immersed in the flux
bath at least until they attain a temperature about that
of the bath temperature and are then removed. Such
time of immersion is sufficient to provide a substantial
layer of the fluent flux on the sleeves or barrels, and to
re-melt the initial solid flux envelope which forms on
the sleeves or barrels Wwhen initially immersed. The ac-
tual time of immersion will, of course, vary with the size
and composition of the flux bath, and the size and physi-
cal character of the ferrous member to be treated and the
temperature drop, if any, of the bath. If the sleeves or
barrels have been previously hardened and tempered to a
specified degree of hardness, it is preferred that the im-
mersion time be kept to a minimum in order to maintain
the hardness value close to the original hardness of the
member at the conclusion of the casting operation. It
has been found that in commercial practice using large
flux baths and treating large heat treated barrels of ap-
proximately 3q"’ wall thickness, about 3 to 4 minutes
(usually about 334 minutes) in the flux bath is sufficient
for adequate flux treatment.

When treated in the foregoing manner, the ferrous
sleeves or barrels will have a layer of fluent flux com-
position of sufficient thickness to enable them when
placed immediately after fluxing in molds into which
molten aluminum (1220° F. melting point) at a tempera-
ture substantially between 1325° F. and 1425° F, and
preferably between 1350° F, and 1400° F. is poured, to
obtain a good alloy bond between the ferrous metal sur-
faces and the aluminum when the latter is solidified.

The time interval between removal of the flux-coated
sleeves from the flux bath and start of pouring of the
molten aluminum is also essential of control. In gen-
cral, the time interval should be short enough to avoid
cooling down of the sleeve to a point where substantial
freezing or solidification of the flux takes place, or stated
otherwise, to a condition where the flux on the sleeve is
no longer of fluent character or cannot be rendered fluent
on contact with the molten aluminum. In general, it
has been found that an interva] less than 40 seconds is
preferred for best results.

The low temperature limit of the flux bath given above
is very important to control in order to avoid an incom-
Plete bond, for example, by solidification of the molten
aluminum on contact with the ferrous metal following
completion of the fluxing step and contacting of the fer-
rous member in the mold by the molten alumisum. If
the temperature of the flux bath is substantially below
about 1340°, for instance 1300°-1320* F., prior to im-
mersion, solidification on contact can occur to prevent
a good alloy bond between the ferrous metal and the
cast aluminum. For example, this may be the case
where proper allowance is not made for a drop in the
temperature of the bath due to immersing a cold barrel
and bringing it up to the lowered bath temperature and
which drop in the case of small baths may be between
50° F. to 75° F. or where thero is a substantial drop in
the temperature of the barrel due to too long an interval
between dipping and pouring. Moreover, the lower tem-
perature of the flux may decrease the viscosity of the
flux film to a point where it is not readily washed away
by the rising level of aluminum on pouring into the mold,
thus presenting a barrier between the aluminum and
steel at the interface. Some deviation below 1340° F. to
a temperature in the order of 1300° F., can be tolerated,
for example, in the case of large furnaces (600 ibs.)
where little drop occurs or if the elapsed time between
removing the ferrous bodytmmtheﬂnxbathandpour-
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ing of the molten aluminum is made an absolute mini-
mum, for instance, between about 10 to 15 seconds by
~ fast handling of the parts and mold and rapid pouring
of the aluminum, or even as low as 1250° F. when an
aluminum alloy is employed as hereinafter described.

The upper limit temperature of the flux bath is also
critical, If the temperature is too high, the resultant flux
will be too fluent and the blanket it forms on the barrel
will be thin and may not completely prevent oxidation
from occurring. It would not be practical to employ
large amounts of zinc chloride at these temperatures to
correct this condition. Moreover, in many instances the
ferrous body has been previously brought to a particular
condition of hardness or microstructure by preheating
and tempering, and if the temperature of the flux bath is
too high, sufficient heat may be transferred to the ferrous
body by the flux to raise its temperature above the critical
point of the material such that its microstructure changes
to austenite, and upon subsequent quenching, to marten-
site with a resultant increased hardening of the ferrous
body. This may be the cause of tool breakage in sub-
sequent machining operations. In general, for example,
where barrels of 28-32 Rockwell C hardness are to be
muffed, an upper temperature exceeding 1360° F. will
produce a sharp increase in hardness of most alloy steels.

The optimum temperature range of the flux bath is also
“somewhat dependent upon the amount of zinc chloride in
the composition, this ingredient, having an addition to
“jts fluxing properties, the effect of controlling the viscosity
of the flux composition. For example, we have observed
-that with a new bath high in cryolite (25%) and con-
taining by weight 25% or more zinc chloride, a commer-
cially satisfactory aluminum alloy bond may not be ob-
tained, if the flux bath is at a temperature of 1340° F.
because the resultant flux layer obtained on immersing
the ferrous member in the flux bath may be too thick,
but that a good alloy bond will be obtained of the flux
bath temperature is in such cases made between about
1375° F. to 1400° F. or even higher, for instance, 1425°
F. where the cold barrel effects a substantial temperature
drop in the bath upon immersion. It has been further
noted, however, that if the flux bath has been heated for
a number of days at the higher temperature, some of the
zinc chloride escapes as fumes and some cryolite settles
out as the principal constituent of the sludge in the bot-
tom of the furnace. If an appreciable reduction in the
zinc chloride content occurs, for example, to about 20%
by weight, the thickness of the flux film formed on the
ferrous members will decrease,
temperature of 1340° F., to a point where it may be
readily washed from the surface of the ferrous body by
the molten aluminum and a good aluminum alloy bond
be effected. Hence the temperature of the bath may be
thereafter lowered to 1340° F. if desired.

The optimum temperature of the flux bath is likewise
influenced to some extent by the amount of cryolite pres-
ent in the composition.’ This essential ingredient, which
promotes wetting and dissolves oxides, has the further
effect when used in large amounts, of mechanically thick-
ening the flux composition. Accordingly, a somewhat
higher bath temperature is preferred when large amounts
of cryolite are employed and the temperature of the bath
may again be lowered when some of this fluoride salt is
lost, as noted above, by sludging.

Based upon our observations, the. preferred tempera-
ture range for the flux bath will be between about 1330°
F. and about 1400° F. (1360° F. maximum if hardening
is a factor), and the preferred composition for large scale

operations will be one preferably containing the following
essential ingredients:

Parts by weight
Sodium chloride —co e cmmcceeeme - About 25 to 35
Potassium chloride -eveeecmemeem About 25 to 35
Natural Greenland cryolite ———-weun- About 9 to 20
Zinc chloride eeccccemmmoc—cmmamem== About 15 to 25
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These proportions of the essential ingredients provide a
wider latitude in timing of the various operations.

The cost of the flux bath composition may be some-
what reduced by replacing a portion of the natural Green-
land cryolite with a synthetic or reduction grade cryolite
and replacing minor portions of one or more of the other
essential salts of the composition by other salts, for ex-
ample, calcium chloride. 1t is preferred, however, that
the amount of substitute cryolite in the composition should
not exceed about 50% as the present commercial grade
of synthetic cryolite is an impure uubstance, and the
presence of too great a quantity adversely affects the
alloy bond between the aluminum and ferrous metal.
Likewise, it is preferred in commercial operations that
the calcium chloride be added after the previously named
essential ingredients of the composition have been
thoroughly mixed and charged into the furnace and the
bath is molten. The amount added preferably will not
exceed about 2%5 to 5 percent by weight of the total
charge in the furnace. It has further been noted that if
the amount of cryolite in the composition has been re-
duced substantially below about 10 percent by weight,
the alloy bond between the aluminum and ferrous metal
will be adversely affected and the minimum percentage
of this essential ingredient should be re-established.

As will be evident from the previous discussion of the
flux composition, that the zinc chloride and cryolite con-
tents do not remain constant during extended operations,
and a control of the composition is therefore preferably
provided to compensate for losses in the composition
due to these ingredients. Various procedures were tried.
By one method, additions of one or both of the critical
ingredients, based upon chemical analysis, were made fo
the bath when tests indicated that the content of these
ingredients had dropped to a point where an unsatisfactory
bond between the aluminum and the steel would be
obtained. This mode of bringing the bath back to its
original composition was not found commercially ex-
pedient because considerable loss of zinc chloride resulted
from excessive fuming when large additions of zinc
chloride were made and because the added cryolite did
not readily go into solution and sludged heavily.

A second method employed with better results was to
ladle out approximately half of the bath content when
failure of bond seemed imminent and to then restore
the bath to its proper level by adding new mix to the
reminder. This method was also not considered good
enough for commercial operations.

A much improved method of control was then evolved
by which daily additions of flux composition were made
to the bath to restore its level and character. In this
connection it was found that in a 600-pound furnace,
about 35 pounds (about 5% ) of ready mixed salt were
required each day for makeup, primarily to correct for
drag-out losses. Moreover, it was noted from accumu-
lated chemical data, that the cryolite loss was approxi-
mately 2% by weight per day and that of zinc chloride
approximately 1% by weight per day. The control
effected was to add 35 pounds of makeup mixture per
day comprising 26 pounds of ready mixed salt, 6 pounds
of cryolite, and 3 pounds of zinc chloride. This daily
addition effectively counteracted the cryolite and zinc
chloride losses and provided a satisfactory bond each day
of operation. The amount of makeup was, moreover,
varied depending upon the chemical analysis of the bath,
this amount sometimes exceeding the 35 pounds basic
addition, in which case a portion of the bath was ladled
out to provide a proper operating level after additions.

As a result of further observations, a still more flexible
system of control requiring no ladling out of flux and
facilitating a closer control of the composition was evolved
for making up cryolite and zinc chloride losses.

It was noted, for example in connection with a new 600-
pound furnace, that if it was loaded with fresh salt, satis-
factory bonding operations could not be commenced dur-
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ing an initial 48-hour period due to seepage of salt into
the porous refractory of the furnace to establish a seal and
heavy sludging during this period. During this two-day
period, the bath is a murky, non-translucent appearing
mass. However, thereafter it changes to a clear trans-
lucent body making visible the bottom of the electrodes.
When the latter stage is reached, it is an indicator that
satisfactory casting operations productive of excellent
bonds may be undertaken.

It was also observed that if the starting cryolite content
was 25% by weight, this ingredient rapidly settled out and
dropped to 20% and below after a few days, if the bath
had little agitation but if mechanical agitation of the bath
is provided, this settling out was at a much slower rate,

It has been pointed out above that with normal produc-
tion rates, approximately 35 pounds of salt were required
for makeup purposes. Employing this factor and a pre-
mixed salt having substantially the following composition:

Percent by weight
Sodium chloride 27%
Potassium chloride 27%
Natural Greenland cryolite 20
Zinc chloride - ——— - 25

As the starting and/or additive mixture, the following
control was evolved.

If the daily check of the flux bath showed a cryolite
content between 16% and 25% by weight, no addition of
salt was made. Each day the cryolite content was between
125 and 16% by weight, a 35-pound batch of salt made
up of 20% by weight cryolite and 80% by weight of
the foregoing pre-mix was added. Each day the cryolite
content of the bath on checking was found to be between
11% and 124 %, a 35-pound batch of salt made up of
30% cryolite and 70% of the above pre-mix salt was
added. If on the daily check the cryolite content fell
below 11%, a 35-pound batch of salt made up of 40%
cryolite and 60% of the pre-mix salt was added.

By this method of control of the cryolite constituent of
the bath it was found that additions of zinc chloride are
seldom necessary other than by the pre-mixed makeup salt
added to the cryolite when making additions of that in-
gredient. However, if the zinc chloride content dropped
below 19% by weight assuming an original content of
25% by weight, additions of zinc chloride were preferably
made as a mixture thereof with the foregoing pre-mix salt
and cryolite, and in quantities not exceeding 20% by
weight of the total salt addition. This procedure for
adding zinc chloride restores the quantity in the bath to
above 19%. Experience has shown that such an amount
produces a flux bath having better fluidity. The described
method of adding zinc chloride also eliminates excessive
loss of this ingredient by smoking when the addition is
made,

It will be understood that the daily addition of flux is
not limited to the 35-pound amount based upon ex-
perience with a furnace capable of handling a 600-pound
charge of salt but that this amount may be varied as con-
ditions show the need for greater quantities to restore
the bath level. However, it is preferred that no greater
amount than 70 pounds be added in one day to a furnace
of 600 pounds capacity and then only in batches where
the direct cryolite addition is no greater than 30%, for
experience has shown that larger direct cryolite contents
may cause excessive sludging.

By using the described control it was found possible to
maintain the amount of cryolite in the bath at all times
between 11% and 14% and the amount of zine chloride
between 19% and 24% and obtained a 100% bond of
the aluminum to the ferrous member in all operations.
Obviously, the remainder of the bath comprised the other
essential ingredients sodium chloride and potassium chlo-
ride and when included such additions as calcium chloride
or other salts to the degree previously indicated.
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The fluxing of ferrous bodies by our invention may be
carried out with best results if the surface of the ferrous
metal is roughened, for example, by grit blasting to obtain
a larger surface area of the ferrous metal for exposure to
the flux and consequently to the aluminum thereby mak-
ing a stronger boad possible. Moreover, with such a
greater surface area of roughened character, there is less
tendency for the fluent flux to run off or to become too
thin during the casting . procedure, particulanly in the
interval between completion of the fluxing step and pour-
ing of the molten aluminum, It will be understood, how-
ever, that good bonds may be obtained by the processes
described herein without grit blasting by using either
ground or turned surfaces.

It may also be noted that one of
of the processing is the temperature of
the molten aluminum makes contact with the steel sur-
face. It is difficult because of many variables present to
determine this temperature and hence in the foregoing
description other temperature indicators have been em.
ployed. However, it is believed that the temperature of
the sleeve should be one at least above the melting point
of the aluminum (1220° F.) and may serve as an addi-
tional control guide,

Prior to starting casting operations it is also preferred
that the molds be preheated as by gas torch to between
500-700° P, This does not have to be repeated once cast-
ing has begun as enough heat remains in the molds after
casting without again preheating. The molds are also
preferably cleaned after each casting operation by blowing
off with a light stream of water. The steam formed by
this application of water seems to break away the salt ac-
cumulation on the side walls of the mold and provides a
better operation than that obtained with a mold wash,
for instance of the graphite type. In fact the use of a
stop-off paint such as Pyromark at the tops of the barrels
to prevent bonding of the aluminum is also found to be
unnecessary, as any excess aluminum at the top of the
casting can be machined off and no difficulty experienced
even at the bond where an end feed tool is used to cut
below the aluminum-steel interface. ‘The hard brittle
Fe-Al compound at the bond breaks up ahead of the edge
of the cutting tool.

For a number of ‘reasons, it is often desirable to start
cooling of the muffed cylinders after pouring of the
aluminum has begun. This is accomplished by an aijr-
water vapor spray directed against the interior of such
cylinders. This cooling promotes directional solidification
of the aluminum and thereby avoids shrinkage cavities.
Moreover, such cooling prevents distortion of the ferrous
metal and aids in maintaining a proper hardness level
where such is necessary. In the latter connection, if the
part is not cooled, heat imparted by the molten metal
may maintain its temperature within the tempering range
for a sufficient time to decrease the hardness of the previ-
ously hardened ferrous member to a degree below its
desired hardness specification.

Where it is desired to provide a longer cooling period
for the molten aluminum after pouring in which it re-
mains in a molten condition 5o that the flux may be more
readily completely displaced before the aluminum solidi-
fies, a lower melting point aluminum composition may
be used. Such a composition may be obtained by the
addition of silicon, tin or other elements. For example,
when used in amounts approximately 11% by weight of
the composition, silicon will provide a melling point as
low as 1070° F, Lesser amounts will, of course, deter-
mine the temperature for a melting point betwen 1070° F.
and 1220° F. The use of silicon in the aluminum melt
has a further advantage of providing a thinner and
stronger alloy bond between the cast layer and the ferrous
metal surface.

For the purpose of giving those skilled in the art some

the critical aspects
the sleeve at which

p—
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better understanding of the possibilities of our invention,
the following illustrative examples are given:

Examples I

A steel sleeve of 212" diameter and 14" wall thick-
ness having a cleaned exterior surface roughened by
grit blasting, was immersed in a flux bath of molten salts
maintained at a temperature of about 1400° F. in a
“Lindberg” electric resistance furnace and kept in the
bath until it reached the temperature thereof.

The composition of the bath was substantially as fol-

lows:

Parts by weight
Sodjum chloride (NaCl) —ceoommmmmammmm e 24.5
Potassium chloride (KCl) —eremecmmccmmmm e 24.5
Zinc chloride (ZnClg) v ccmeecmm e o e 24.5
Natural Greenland cryolite (NagAlFg) —ceeemeeem 24.5
Calcium chloride (CaClp) —cnoemmm e oo 2.5

When the sleeve reached the temperature of the bath,
it was immediately removed and placed in a steel mold
of a size to form upon casting an aluminum muff 34"
thick and 4" long at one end of the sleeve. Within 31
seconds of removal of the sleeve from the bath, molten
aluminpnm of about 1220° F. melting point and at a
temperature of 1400° F. was poured into the mold around
the sleeve. About 24 seconds was utilized for pouring.
The cast member was then permitted to air cool. Visual
and microscopic examination of the alloy bond between
the aluminum and steel disclosed that an excellent alloy
bond was obtained. It was also evident there had been
excellent wetting of the steel, and that the alloy bond
was continuous, complete and free of any flux or oxide in-
clusions.

Example 11

A steel sleeve of the character described in Example I
was provided with a cast aluminum muff as there de-
scribed, the molten flux bath in this example being main-
tained at a temperature of about 1350° F. The composi-
tion of the bath was substantially as follows:

Parts by weight
4

Sodium chloride — e e memmmmmm e s 0
Potassium ¢hloride —coc oo e mmmm e 40
Natural Greenland cryolite ———-omeemcmmmmammam~ 20

The aluminum had a melting point of 1220° F. and was
used at a temperature of 1400° F. The elapsed time be-
tween removing the sleeve from the bath and the start of
pouring was 9.5 seconds, and the pouring time was 8
seconds. Visual and microscopic examination of the cast
member disclosed a very good bond between the alumi-
num and steel having an alloy layer between .0005” and
001" thickness. Good wetting of the steel occurred
during pouring, and the bond was continuous, complete
and free of any flux or oxide inclusions.

Example 111

An aluminum muff was cast about a steel sleeve of the
character described in Example No. 1 and in the manner
there stated, the flux being maintained at 1400° F., and
the molten aluminum having a melting point of about

1220° F. and a working temperature of about 1400° F.
The composition of the flux bath was substantially as
follows:

Part by weight
Sodium chloride - wocccmmmmmmmmm e m e 7
Potassium chloride —occomememmmmmme e 44
Zinc chloride —-oececommmmmcmme oo memmmmmm e 34
Natural Greenland cryolite —eecocmmecemmmmmmemee 15

The time interval between removal of the sleeve from
the flux bath and the start of pouring was 30 seconds, and
the pouring time was 10 seconds. Visual and micro-
scopic examination disclosed a good bond and good
wetting.
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Example IV

A steel sleeve of the size described in Example 1 was
fluxed and provided with a cast aluminum muff in the
manner there stated, using a flux bath maintained at a
temperature of 1400° F. and molten aluminum having
a melting point of 1220° F, and a working temperature

of about 1400° F. The composition of the flux bath
was substantially as follows:

Part by weight
Sodium chloride - _— 25
Potassium chloride . ——— 25
Zinc chloride 25
Natural Greenland cryolite . -cc-comemmmmmcemmmmm 25

The time interval between removing the sleeve from the
flux bath and start of pouring was 30 seconds. The pour-
ing time was 13 seconds. Visual and microscopic exami-
nation disclosed good wetting and an excellent alloy bond.

Example V

A steel sleeve of the character described in Example I
was provided with a coating of flux and a cast aluminum
muff in the manner there stated, the flux bath being main-
tained at a temperature of 1300° F. and the molten alumi-
num having a melting point of about 1220° F. and a
working temperature of about 1400° F. The composition
of the flux bath was substantially as follows:

Parts by weight
Sodium chloride - eeemac e e 35
Potassium chloride —cce-cmmcommcmmmmmm e a5
Zine chloride e cccmmmmm e m e 15
Natural Green land cryolite —— oo —ocmmmmmmemmemme 15

The elapsed time between removal of the sleeve from

the bath and the start of pouring was 11 seconds, and

the pouring time was 8.5 seconds. Visual and microscopic

examination disclosed a good alloy bond of about 001"

thickness. :
Example V1

A steel sleeve of the character described in Example 1
was fluxed and provided with a cast aluminum muff as
there described utilizing a flux bath at a temperature of
about 1400° F. and molten aluminum having a melting
point of about 1220° F. at a working temperature of

about 1400° F. The flux composition was substantially
as follows:

Parts by weight
Sodium chloride - e m e 35
Potassium chloride — - — - 35
Zince chloride — e cememe e mmmmm—mm e memm e 15
Natural Greenland cryolite o occomceeemmrrmm e 15

The elapsed time between removal of the sleeve from the
flux and the start of pouring was 30 seconds, and the
pouring time was 10.5 seconds. Visual and microscopic
examination disclosed a good alloy bond having about
001" thickness.

Example V1I

A 10%%"” long shouldered barrel of 534" diameter with
a wall thickness of about %j¢’" and a 34’ flange, made
from a 8740 SAE steel, was grit blasted and immersed
and heated in a molten flux bath maintained at a tem-
perature of 1400° F. in a Lindberg electric' resistance
furnace until the barrel reached the temperature of the
bath. It was immediately removed and placed in a steel
mold arranged to form a cast aluminum muff of about
34" wall thickness and 4'* long adjacent one end of the
sleeve. The flux bath had substantially the following
composition:

Sodium chloride - cacmccm e 5
Potassium chloride —cceeccree—mmm e 25
Zinc chloride —omeocm—mmmm—omcammmmmm o mmm—mmeo= 25
Natural Greenland cryolite ———_ 25

Within 35 seconds of removal of the barrel from the bath
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and its positioning in the mold, molten aluminum having
a melting point of 1220° F. and a working temperature
of 1430° F. was poured into the mold around the
steel barrel. Two minutes and fifty seconds was utilized
for pouring time including time to head the aluminum
with additional molten metal to compensate for shrink-
age. The cast member was then permitted to cool.
Visual and microscopic examination disclosed an excellent
alloy bond.
Example Vill

A steel barrel of the character of the preceding example
was immersed and heated in 8 molten flux bath main-
tained at 1350° F. in an Ajax submerged electrode salt
bath furnace having a capacity of 600 Ib. of salt. The
flux had substantially the following composition:

Parts by weight

Potassium chloride — .. ____ 35
Sodium chloride __ (o 35
Zinc chloride -___ - ——— 19
Natural Greenland cryolite — oo oo 11

As soon as the sleeve reached the temperature of the bath,
which required about 334 minutes’ immersion therein,
it was immediately removed and placed in a steel mold
fixture into which molten aluminum having a melting
point of about 1220° F. and a working temperature of
about 1350° F. was poured within 20 seconds of the
time the sleeve was removed from the bath, the pour-
ing time being about 8 seconds. An excellent alloy bond
was obtained,

Example 1X

A shouldered stee] barrel of about 5% " diameter with
a wall thickness of about 844 inch, a 3 inch flange and
a length of about 10%% inches was sand blasted in a
“Wheelabrator” cabinet on its exterior surface area to
which an aluminum muff is to be cast. It was then placed
in a “Detrex” degreaser to remove any grease, and fol-
lowing this painted with a pyro paint to protect the areas
to which the aluminum was not to bond.

The barrel was then immersed in a flux bath of molten
salt flux heated to a temperature of 1400 to 1425° F. in
an immersed electrode “Ajax” electric salt bath furnace
of 185 1bs. capacity and kept immersed for 3% minutes,
The temperature of the barrel at the elapsed time, as de-
termined by a thermocouple attached to the side wall
of the barrel during immersion, was between 1340 to
1360° F. There was a drop of 50 to 75° in the bath
temperature experienced on immersion.

The flux bath was prepared by thoroughly mixing to-
gether substantially:

Parts by weight

Sodium chloride -____._.__________.___ ____ 25
Potassium chloride ___._________________________ 25
Zinc chloride .~ ______._______________________ 25
Natural Greenland cryolite —_.__________________ 25

and charging the same into the furnace. After the bath
was molten, approximately 214% of calcium chloride
based on the weight of the total charge was added.

The flux treated barrel after heating to the above-
stated temperature was then removed from the hot salt
flux and placed in a metallic mold fixture preheated to
500-700° F. and constructed to enable an aluminum
muff about 6" long and 1%4” thick and weighing about
19 1Ibs. to be cast around the barrel. Molten aluminum
at a temperature between 1325° and 1350° F. prepared
from 99% pure ingot having a melting point of about
1220° F. was immediately poured in the mold by hand
ladles to a height of 615", Pouring of the aluminum
was started within 25 seconds from the time the barre]
was removed from the hot salt flux and pouring contin-
ued as rapidly as possible until the mold was topped,
About 10 seconds was required for filling the mold. An
operator stood by with a ladle of aluminum to 1] in
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any shrinkage cavities developed -during solidification
of the aluminum,

During pouring commencing when the mold was half
filled, the barrel was air-water cooled by an air-water
vapor spray directed against the inside thereof. After
the aluminum solidified, the barrel was removed from
the fixture and quenched in oil. Examination of the
bond disclosed it to be excellent.

Example X

A shouldered steel barre] of about 534" inside diame-
ter and between 34¢” to 38’ wall thickness and a length
of about 10%2”, was rough machined from forgings of
an SAE 8640 or AISI TS-8640 or SAE 4140 steel and
heat treated, austenitized, quenched in oil, and tempered
to a hardness of 28 to 32 Rockwell C. The barrel was
then cleaned in a “Mahon” washer to remove any grease
or dirt, then shot blasted in a blast cabinet to blast clean
the outside of the barrel and remove any shine from the
surfaces to be aluminum muffed.

The barrel was immersed in a fux bath of molten salt
flux heated to a temperature between 1330° F. and 1350°
F. preferably 1340° F. in an immersed electrode Ajax
electric salt bath furnace of 600 1b. capacity and kept im-
mersed for 3%4 minutes. The flux bath was prepared from
a homogenous mixture of substantially the following in-
gredients in substantially the amounts stated, these in-
gredients being in granular form of 50 to 200 mesh and
of 99% plus purity:

Parts by weight
Sodium chloride - 274
Potassium chloride e mrc——— 2744
Zinc chloride ——ceee o _________ 23
Natural Greenland cryolite _________.__________ 20

After the bath was molten, approximately 2% % by
weight of calcium chloride, based upon the weight of the
total charge, was added,

The flux-treated barrel was then removed from the hot
salt flux and promptly placed in a preheated Huckins
mold fixture previously heated to a temperature between
500 to 700° F. and constructed to enable an aluminum
muff about 6” long and 114" thick, and weighing about
19 1bs. to be cast around the barrel. Moliten aluminum
at a temperature between 1315° F. and 1335 F. pre-
pared from 99% pure ingot having a melting point of
about 1220° F. was immediately poured into the mold
with hand ladles to above the muff area and topped to
prevent shrinkage cavities in the muff. Air-water cool-
ing of the inside of the barrel was commenced during
pouring, by an air-water spray applied to the inside of
the barrel when the mold was filled to a height of 2 to
3” of aluminum, Pouring of the aluminum was com-
menced promptly, ie., between 10 to 20 seconds after
the barrel was removed from the salt flux bath (the av-
erage for a run was 15 seconds) and pouring made con-
tinuous during the entire pouring cycle. The time to fill
the mold with molten aluminum was between 6 to 10
seconds (the average for a run was 8 seconds), this time
interval not including the time required for topping off
the mold. The air-water spray cooling was provided
by & movable spray head operating with an air line pres-
sure of 30 to 40 pounds per square inch, and arranged
to move upwardly in the barrel at a rate to require be-
tween 244 to 2% minutes to move over the cast area,
The rate of water flow in the head was adjusted such
that no actual streams of water were ejected from the
spray head, but rather the water was in the form of
vapor. Moreover, the head was adjusted so that the
vVapor was not excessive to the extent of spraying over
into the molten aluminum on pouring.

After the aluminum had solidified, the barre] was re-
moved from the mold and quenched in tap water,

. Examination of the cast muff showed an excellent cop-
tinuous bond formed with the steel barrel.
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From the above description of our invention and ex-
amples, it will be evident that various modifications and
substitutions will be obvious and others will readily sug-
gest themselves to those skilled in the art, all however
without departing from the spirit and scope of our in-
vention.

We claim:

1. A fluent fused flux of the salt type for use in cast-
jng aluminum to ferrous bodies to cffect an alloy bond
therewith, said flux consisting of the following sub-
stapces as essential constituents and in substantially the
amounts given:

Parts by weight

Sodium chloride — - ecommemmmemmmmo oo 7 to 40
Potassium chloride .- eecmmeommmrmmmmmmm 24 to 44
Natural Greenland cryolite cecemeommm 9t025
Zinc chloride ———m-ocommmmmmmmmommmmmmToT Upto 34

2. A fluent fused flux of the sall type for use in casting
aluminum to ferrous bodies to effect an alloy bond there-
with, said flux consisting of the following substances as
essential copstituents and in substantially the amounts
given:

Parts by weight

Sodjium chlotide . omamcommmmmmmmmmmmmm s 2510 40
Potassium chloride .oeoocemmemommmmmommoms 2510 40
Natural Greenland cryolite - oo 9to 25
Zine chloride ———mmm——memmmommmmmom oo 10to 30

3. A fluent fused flux of the salt type for use in cast-
ijng aluminum to ferrous bodics to effect an alloy bond
therewith, said flux consisting of the following substances
as essential constituents and in substantially the amounts
given:

Parts by weight

Sodium chloride —ocemmommemmmmmmm oo 25to 35
Potassium chloride _———cocceomeommmmmmmmm 25t0 35
Natural Greenland ¢ryolite - cwwooomem-= 9t0 20
Zinc chloride —-coammmmeammmmmm e m s 15to 25

4. A fluent fused flux of the salt type for use in casting
aluminum to ferrous bodies to effect an alloy bond there-
with, said flux consisting of the following substances as
essential constituents and in substantially the amounts
given:

Percent by weight
Sodium chloride —ccmmmom e about 27%2
Potassivm chloride —ceo—ccmemmmmomm = about 27%2
Natural Greenland cryolite ——————ccwomom- about 20
Zinc chloride —ceeomemmcmmmmmmmmmm oo about 25

5. A fluent fused flux of the salt type for use in
casting aluminum to ferrous bodies to effect an alloy
bond therewith, said flux consisting of the following sub-
stances as essential constituents and in substantially the
amounts given:

Percent by weight
about 31 to 35
about 31 to 35
about 11 to 14
about 19 to 24

Sodium chloride — oo remeeemm e
Potassium chloride _ oo
Natural Greenland cryolite
Zinc chloride

6. A fused flux as claimed in claim 5 which includes
between 2v2 % to 5% by weight of calcium chloride based
upon the total charge of named essential ingredients.

7. A fused flux as claimed in claim 1 wherein up to
50% by weight of the cryolite constituent consists of a
cryolite selected from the group of synthetic and reduc-
tion grade cryolites.

8. A fluent fused flux of the salt type for use in casting
aluminum to ferrous bodies to effect an alloy bond
therewith, said flux consisting of the following sub-
stances as essential constiluents and in substantially the
amounts given:
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Parts by weight
Sodium chloride —oomeemm oo —mmommems about 24.5
Potassium chloride e mmmcemmm o about 24.5
Zinc chloride ——oo-omememmmmmmmm oo about 24.5
Natural Greenland cryolite ———————ccw-omo about 24.5

and including about 2.5 parts by weight of calcium
chloride.

9. A fluent fused flux of the salt type for use in casting
aluminum to ferrous bodies to effect an alloy bond
therewith, said flux consisting of the following substances
as essential constituents and in substantially the amounts
given:

Parts by weight
Sodium chloride - mm e o about 40
Potassium chloride - —cememmo oo about 40
Natural Greenland cryolite . —-—-—oommm- about 20

10. A fluent fused flux of the salt type for use in casting
aluminum to ferrous bodies to effect an alloy bond
therewith, said flux consisting of the following substances
as essential constituents and in substantially the amounts
given:

Parts by weight
Sodium chloride - meeemmm e 7 to 40
Potassium chloride —cvmcecm o 24 to 44
Natural Greenland cryolite o ——eme- Sto 12V

Cryolite selected from the group consisting of
natural Greenland cryolite, synthetic cryo-
lite and reduction grade cryolite

Zinc chloride

11. The process of controlling the content of a molten
flux bath in a process including the step of casting alu-
minum to ferrous bodies to effect an alloy bond there-
with and consisting of the following substances as essen-
tial constituents and in the amounts given:

Parts by weight
Sodium chloride - oo 7 to 40
Potassium chloride oo 24 to 44
Cryolite oo e 9to25
Zinc chloride — e cccmemmmmmmmem - up to 34

comprising making daily additions to the bath in an
amount substantially between 5% to 109% by weight of
its capacity, said daily addition consisting of the cryolite
ingredient in an amount substantially 2% by weight of
said capacity, zinc chloride in an amount substantially
1% by weight of said capacity, and the remainder com-
prising mixed salt of substantially the aforesaid pormal
composition of the bath.

12. The process of controlling the content of a molten
flux bath in a process including the step of casting alu-
minum to ferrous bodies to effect an alloy bond there-
with which bath consists of the following substances as
essential constituents and in substantially the amounts
given:

Parts by weight

Sodium chloride oo 7t0 40
Potassium chloride e 24 to 44
Cryolite ——comocmm—emmmmmmmemmommmm oo 9to 25
Zinc chloride —eo—coemememe e up to 34

comprising making additions to said bath to restore the
level thereof when the cryolite ingredient content thereof
falls below about 16% by weight, the said addition com-
prising cryolite and premixed salt of the aforesaid nor-
mal composition of the bath according to the following
formula: about 20% by weight of cryolite and 80% by
weight of premixed salt if the cryolite content of the
bath is hetween about 12%4 and 16% by weight; 30%
cryolite and 70% premixed sait if the cryolite content
of the bath is between about 11% and 12V2, and 40%
cryolite and 60% premixed salt if the cryolite content of
the bath is below 11%.

13. The process of controlling the content of a molten
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flux bath for use in casting aluminum to ferrous bodies
to effect an alloy bond therewith which bath consists of
the following substances as essential constituents and in

substantially the amounts given:
Parts by weight

Sodium chloride - ________________________ 7 to 40
Potassium chloride .. __._______________ 24to0 44
Cryolite o 91to 25
Zinc chloride . ______________________ 19 to 24

comprising making additions to said bath to restore the
level thereof when the cryolite ingredient content thereof
falls below about 16% by weight, the said addition com-
prising cryolite and premixed salt of the aforesaid nor-
mal composition of the bath according to the following
formula: about 20% by weight of cryolite and 80% by
weight of premixed salt if the cryolite content of the
bath is between about 1242% and 16% by weight; 30%
cryolite and 70% premixed salt if the cryolite content of
the bath is between about 11% and 1234 %, and 40%
cryolite and 60% premixed salt if the cryolite content of
the bath is below 11%.

14. The process of controlling the content of a molten
flux bath in a process including the step of casting alumi-
num to ferrous bodies to effect an alloy bond therewith
and consisting of the following normal starting com-
position:
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Percent by welght
Sodium chloride _..__ - - about 2714
Potassium chloride ___ ~ about 2714
Natural Greenland cryolite ______________ about 20
Zinc chloride _____ about 25

comprising making daily additions to the bath in an
amount substantially between 5% to 10% by weight of
the bath capacity to restore the level thereof when the
cryolite content of the bath falls below about 16% by
weight, the said addition comprising cryolite and pre-
mixed salt of the foregoing composition according to the
following formulae: about 20% by weight of cryolite and
80% by weight of premixed salt if the cryolite content of
the bath is between about 12%4% and 16% by weight;
30% cryolite and 70% premixed salt if the cryolite con-
tent of the bath is between about 11% ard 1214% and
40% cryolite and 60% premixed salt if the cryolite con-
tent of the bath is below 11%.
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