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This invention relates to the preparation
and casting of metals and alloys and has for
its object the improvement of the metals
in point of fluidity whereby the casting is

5 facilitated and of physical properties where-
by the resulting ‘article is rendered more
valuable. For example in the casting of
iron and steel it sometimes happens that the
metal becomes unduly cool before the pour-

10 ing is completed, in technical language it
becomes “ dull.” This may occur by reason
of delays in pouring the metal from the
ladles or may occur in the pouring basins or
risers of the molds themselves, particularly
15 where the molds are large and-a considerable
uantity of metal is required to compensate
or the cooling shrinkage which always oc-
curs prior to solidification. One object of
my invention is the provision of means to
secure a'local heating of the metal if and
when required and this not only without in-
juring the properties of the metal but with
a positive. benefit thereto; other objects are
the provision of tliese means in a convenient
and inexpensive form; the provision of
means for producing alloys of the kind de-
seribed in small quantities and without spe-
cial preparations even where the heating
effect is not required; while further objects
and advantages of my invention will become
apparent as this description proceeds.

The essence of my invention consists in
producing inside the molten metal an exo-
thermic chemical reaction whose products
melt at such a temperature as not to de-
" tract from the fluidity. In practice I pref-
erably utilize the alumino-thermic reaction
wherein the heat is generated by the reaction
of metallic aluminum on the oxides of metals
which are reduced thereby under the sur-
rounding temperature conditions; and I
incorporate with this mixture a metal or
compound of a metal of such nature as will
reduce the melting point of the resulting
product to whatever degree may be desired,
or will have the desired effect upon its physi-
cal properties. '

For example in connection with the cast-
ing of iron or steel in ordinary foundry
practice the alumino-thermic reaction above
mentioned is best obtained by inserting into
the ladle or pouring basin or riser an iron
_ can containing a mixture of iron oxide and
aluminum powder in the 'desired propor-
tions, together with an igniting charge, in
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case the temperature of the metal be not
great enough. to start the reaction. If these
materials alone be used, the resulting prod-
uct, being almost pure iron, will have a very
high melting point which will largely offset 80
the advantages of the heat evolved. There-
fore I add to this can or charge a metal or
metal-compound which will combine with
this liberated iron to reduce its meltin
point. This substance can be either a metaf'ﬂﬁ
or an alloy, or a compound which will be re-
duced to metallic form as a part of the re-

I prefer boric anhydride for- this
purpose because this is reduced by the alum-
inum with evolution of heat and the liber- 70
ated boron unites with the liberated iron
producing an alloy of remarkably high ten- .
sile strength and percentage elongation and
of remarkably low melting point. Thus the
tensile strength of an alloy of iron with 3
per cent of boron and less than 14 per cent
of carbon exceeds 50,000 pounds per squeare
inch and its melting point approximates
that of cast iron. Smaller proportions of
boron produce smaller depressions of the
melting point but assist to that extent in
connection with cast iron and conform more -
closely to the conditions encountered in cast-
ing steel.

It is not necessary that the boron be added
in the oxide form as it can also be used in
the previously alloyed condition, for ex-
ample ferro-boron powdered and incorpo-
rated with the mixture. This modification
of the procedure is entirely operative but §
I consider it slightly less advantageous
practicelly for the reason that the ferro-
boron is more expensive than the boracic
anhydride and the melting of the same ab-
stracts a part of the heat produced by the
reaction while the reduction of the boracic
anhydride adds heat to the reaction.

Also this invention is not confined to bo-
ron alone since any other substance can be
employed which will lower the melting point
of iron, for example manganese, which, as
before, can be used either in the oxide form
or as ferro-manganese. However, boron ap-
pears to have o larger depressing effect on
the melting point of iron than any other
material outside of carbon.

This process is not restricted to situations
wherein the main consideration is the evo-
lution of heat, but it may be used where a
modification of the metal itself is desired, 110
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Thus it is easy with this process to modify
a single ladle of molten steel to some spe-
cial lﬁloy merely by adding to the can or
package of active ingredients some other
metal or compound such as chromium,
chromium-oxide, or ferro-chrome;. nickel,
nickle-oxide, or ferro-nickel; or any other
substance which is to be combined therewith;
in all these cases I find it advantageous to
eniploy a proportion of boron in order to
m£xce the melting point or improve the

- ph{{si'cal properties, —~
y
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- side of the weld, add

properties. .
- l\ggther is this.
-with an alumino-t

invention is also advantazeous in
cases wherein the alumino-thermic. reaction
is employed for welding parts together, in
order to secure a better correspondence be-
tween the melting point and physical prop-
erties-of the original metal. Thus when two
cast iron parts are attempted to he welded
together by the use of a mixture of iron
oxide and aluminum powder, the solidifying
point of the pure iron produced by the reac-
tion is some 300° above the meltin% point of
the cast iron to be welded, which is ve
likely to result in a

to which the physi-
cal properties of the pure iron differ ﬁx{:atly
from those of the cast iron. I have discov-
ered that by mixing the alumino-thermic
ingredients with boron in & reacting condi-
tion as hereinbefore described, the welding
operation is facilitated because of the close
correspondence in melting points and the
ultimate strength of the work is increased
because of the close agreement in physical

Erocess restricted to use
ermic mixture npon an
iron base but may be used to advantage with
iron-free materials. Thus in the manufac-
ture of “stellite” consisting of cobalt, chro-
mium and tungsten or molybdenum, or of
“nichrome” containing only nickel and chro-
mium, or of “Monel metal” consisting of
nickel and copper, I find it advantageous to
use an alumino-thermic mixture based upon
one of the ingredients of the alloy in ques-
tion together with a proportion of boron
either elemental or in a reacting condition,
which* has the same effect in reducing the
melting péint as in the case of iron and ap-
ars to have no injurious chemical action.
?ﬁ such cases the can is made of a metal
which will not injure the bath. :
~ In the preparation of this mixture it is
important to use water-free ingredients and
while this can be done in many ways I pre-

fer when using boracic anhydride to heat it

with the iron oxide thereby simultaneousl

driving off the water of crystallization, an

mixing the ingredients closely together.
This produces in effect a very brittle glass
which is easily 1p_owdered and mixed with
the powdered a uminum. The amount of
boron or other ingredients employed de-

oor contact at each .
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pends upon the purpose and upon the com-
position of the surrounding substances.
"Thus for use with cast iron I prefer to use
an amount of boracic anhydride as will af-
ford an amount of boron equal to about
three percent of the iron content of the iron
oxide, since this affords a eutectic of mini-
mum meltini point and very high strength.
For use with steel one can use less boron
since reduction in melting point is not so
important, but at least about 14 of 1 per-
cent is good practice since even this small
amount has a material effect in improving
the physical properties of the reduced iron,
In case it be desired to mix the boron
throughout the mass of the surrounding’
metal a larger proportion should be useg,
although large improvements in physical
properties of steel, and especially such alloy
steels as those of nickel or chromium, are
obtained with as little boron as ¢ percent

of the whole. It is used in approxxmatelf'.
)

the same proportion in company with nicke
chromium, ete, ]

In the drawings acompanying and form-
ing a part of this apﬁlication %have illus-
trated diagrammatically certain of the uses
of my invention and the steps in its per-
formance. In this drawing Fig. 1 is a sec-
tional view of a ladle showing the mode of
treating the same when the metal becomes
chilled or “dull”; Fig. 2 is a view of a sim-

le-can or package of my improved material ;

Fig. 3 illustrates the mode of making alloy ~

_steel in an ingot mold by the use of my im-
- provements; Kig. 4 illustrates the mode of
-employing my invention for keeping the
metal liquid in a mold riser; and Kig. 5
illustrates one mode of employing my inven-
tion in connection with welding two parts
together. - .

In Fig. 1, 1 represents the body of a ladle
which may be
the metal support by which it is carried. 3
represents the molten metal inside the ladle,
4 a metal container (preferably of the same
composition as the predominant metal in the
ladle) and containing my improved mix-
ture, and 5 represents a metal rod by means
of which the container is introduced into
the moltenn bath and held there until the
reaction is complete or at least well started.
For example, in connection with the casting
of iron, the rod is made of steel or wrought

iron, and the container 4 is a sheet iron can. .
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of any suitable size, and 2 -
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In Fig. 3, 8 represents the side wall and

9 the bottom of an ingot mold filled with
molten metal 10, and 11 represents the can-
ister of ingredients which is introduced and
held down by the rod 12. When the metal
is steel, this rod is usualty melted off dur-
ing the reaction. ' .

n Fig. 4, 14 regresents the cope, 15 the
drag, and 16 the base-board of a common
sand-mold whose parts are represented at
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17—17. 18 represents the sprue or riser
which is hollowed out at the upper end to
form a pouring basin of sufficient size to
hold a considerable amount of molten metal
19. 20 represents a small can of my im-
proved material
means of a rod 21 for the purpose of heat-
ing this metal locally, and keeping the same

fluid so it can flow into the mold as the™

metal therein contracts. S

- In. Fig. 5, 24—24 represents two metal-
méembers which are to be welded: together.
95 represents the mold formed there around
and providing a cavity 26 having a pouring
hole 27, and 28 represents a crucible sup-
ported there above for the reception of the
reacting mixture 29, the crucible having
a tapping hole 80 at the bottom which 1s
broken open at the proper time to permit
the ‘discharge of its contents into tl.c mold
space. - ‘ '

It will be understood that my invention

. comprehends the introduction of my tem-
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perature modifying material into the re-
acting mixture, regardless as to whether the
reaction itself is to occur inside of a molten
body of metal as shown in Figs. 1, 8, and 4
or in a separate container .which is dis-
charged into the point of use as in Fig. 5;
and also regardless whether it is employed
for reheating uniformly a mass of metal as
in Fig. 1, or heating locally a portion of
the mass of metal as in Fig. 4, or modifying

* the characteristics of a mass of metal re-
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gardless of the heating effect as in Fig.
3, or for any other purpose to which the
same may be applicable. It will also be
understood that whereas it is best to em-
ploy such an amount of the added material
as will cause the melting point of the
evolved metal to conform closely to that
of the metal with which it is used, whether
the same be already molten as shown in
Fig. 4 or already solid as shown in Fig.
5, 1 do not limit myself thereto since some
benefit is obtained by even smaller depres-
sions of the melting point, and certain ad-
vantages are also obtainable- by over-de-
pression of the melting point. Accordingly
1 limit myself in no wise except as recited
in the claims hereto annexed or required by
the prior state of the art. g
Having thus described my invention, what

I claim 1s:

1. A composition of matter for the pur-

~pose described containing powdered alumi-

introduced therein by

.num, an oxygen compound of boron, and the
oxide of a metal which is reduced by
aluminum and which also alloys with boron.
9. A composition of matter for the pur-
pose described containing powdered alumi-
num, the oxide of one or more metals ca-
pable of being reduced by aluminum, and
boracic¢ anhydride. : ;

3. A composition of matter for the pur-
pose described containing powdered alumi-
num mixed with the oxides ‘of iron and

boron. . ‘ :

4, A composition of matter for. the pur-
‘pose described containing powdered alumi-
num, an oxide of a metal which is reduced
by aluminum and a compound. of boron con-
taining an amount of boron amounting to
between -about 14 percent and 4 percent of
that of the metal to be reduced.

5. The process. of increasing the fluidity
of molten metal which consists in intro-
ducing therein a mixture of aluminum pow-
der and an oxide of the first mentioned
metal, together with the oxide of boron to
form a eutectic therewith. ‘ :

6. In the art of casting, the improvement
which consists in increasing the fluidity of
the metal in the pouring basin by intro-
ducing therein a mixture of the oxide of
that metal with boracic anhydride and
enough powdered aluminum to reduce both
oxides. ‘

7. The process of improving the proper-
ties of ferrous metal which consists of in-
troducing into the same when molten a mix-
ture of powdered aluminum and the oxide
of such metal together with oxzide of boron.

8. The process of reviving of dull melts
of ferrous metal which consists of intro-
ducing therein an intimate mixture con-
taining powdered aluminum and an oxide of
a metal which is reduced by aluminum, and

“a compound of boron in a reacting condi-
tion, whereby the heat evolved may increase
the temperature.and the eutectic iron-boron
alloy may increase the fluidity.
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9. The process of producing ferrous metal

castings which contains the steps of first
making an intimate mixture of powdered
aluminum, an oxide of a metal which is
reduced by aluminum. and boric anhydride,
second melting the ferrous metal and third
introducing said mixture therein.

In testimony whereof, I hereunto affix my

signature.
ALADAR PACZ.

110



