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1. 
This invention relates, as indicated, to methods 

of adding alloys or alloying constituents to molten 
metals. 

It has heretofore been more or less standard 
practice, in adding alloys or alloying constitu 
ents to molten metals, to add the alloy or alloy 
ing constituent either in the form of a crushed 
material to the ladle containing the molten metal 
or to the Spout through which the molten metal 
flows, or in the form of an atomized material by 
Vibrating or rotor machine to the ladle or spout. 
The aforesaid methods are characterized by a 

number of disadvantages or deficiencies, among 
which the following may be enumerated: 

1. They involve crushing of the alloys or alloy 
ing ingredients, which is somewhat costly. 

2. The crushed or atomized materials may be 
come oxidized in the presence of oxygen, thereby 
introducing undesirable contaminants into the 
molten metal. 4. 

3. The oxides thus formed contaminate the 
ladle sides and spout. 

4. The Spout, in some cases, neads to be mecha 
Ed. in order to minimize the danger of oxida 
O. 

5. Light volatile alloys, such, for example, as 
those of magnesium and calcium, tend to float on 
the molten metal, become oxidized and form slag 
coatings which prevent incorporation of the al 
loys in the molten metal. 

I have discovered, as the result of considerable 
research, that all or many of the aforesaid dis 
advantages and deficiencies can be obviated or 
minimized by adding the alloys or alloying con 
stituents to the molten metal in the form of a 
rod Or Stick. 
The addition of the alloy in such form may be 

accomplished in various ways, several of which 
are illustrated more or less diarrammatically in 
the accompanying drawing, forming a part of this Specification. 

In Fig. 1, the alloy, in the form of a rod f, is 
held in the ladle 2, by means of a clamp 3, which 
rests on the cover 4 of the ladle. The upper end 
of the rod extends through a small opening in 
the cover 4, but the annular opening about the 
rod is substantially closed or covered by the 
clamp. The clamp comprises pivotally connected 
jaws, which are resiliently urged into clamping 
engagement With the upper end of the rod by 
means of an extension coil spring 4a. The molten 
metal, in which the alloy is to be incorporated, 
flows down the trough or spout 5 and into the 
ladle through an opening 6 provided in the cover 
directly below the end of the spout. The flow of 
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such a mannar as to avoid impingement of the 
stream of metal against the rod. As the molten 
metal rises in the ladle, it melts the rod pro 
gressively from the lower end upwardly. The 
percentage or amount of alloy thus incorporated 
in the molten metal can be controlled by the 
thickness of the rod. 
By introducing the alloy into the molten metal 

in the aforesaid form and manner, the alloy is 
virtually completely protected from oxidation, the 
formation of slag coverings is largely avoided, 
uniformity of absorption of the alloy in the molten 
metal is insured, a uniform dissolution rate is 
obtained (the alloy dissolving in a ratio directly 
proportional to the rate at which the ladle is 
filled), and contact of the alloy with the total 
amount of metal in the ladle is assured. The 
method, moreover, is more economiral from every 
standpoint than existing methods, since the alloys 
can be cast or extruded economically in rod or 
stick form, and do not require crushing or com 
minuting in any way. Furthermore, the alloy, 
being in the form of a solid rod, is less likely to 
be oxidized, even if exposed, than if in crushed 
or pulverized form. 

If desired, the alloy rod. as shown in Fig. 1, may 
be immersed in the molten metal in the ladle 
after the ladle has been filled, with substantially 
the same results and advantages, 
In Fig. 2, the ladle T is not provided with a 

cover, but instead, the alloy rod 8 is clamped at 
its upper end in a clamp 9, which is supported 
by a handle i), which rests on the upper edge of 
a ladle. The molten metal flows into the ladle 
from the trough it, and the rod is melted by such 
metal as the latter fills the ladle, as in Fig. i. 
Due to the absence of a cover on the ladle, the 
possibilities of oxidation of the alloy rod and of 
formation of a slag coating are slightly greater 
than in Fig. 1, but are nevertheless not substantial. 
In Fig. 3, the arrangement is similar to that 

shown in Fig. 1, but in this case, the upper end of 
the alloy rod 2 has a slight taper and is fric 
tionally supported in an opening in the cover 3 
of the ladle, thereby dispensing with the need for 
rod-supporting clamps. 
In Fig. 4, an arrangement similar to that shown 

in Fig. 1 is employed, but in this case, rods 14 and 
5 of different alloys are shown, which rods are 

simultaneously melted by the rising molten metal. 
The rods may be of different diameters, thereby 
controlling the relative proportions of alloying 
constituents in the final metal. The ladle, in 
this case, is shown as having a refractory lining 
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f6. As an alternative to this, the weight per 
linear inch of the respective rods may be varied 
in proportion to the weight of molten metal 
poured into the ladle. 
In cases where the alloy rod is made of a light, 

volatile alloy, which is readily oxidizable at high 
temperatures, the rod, as shown in Fig. 5, may 
be provided with a protective coating or plating 

of a metal, such, for example, as chronium or 
other heat-resistant metal. As an alternative to 
such coating, the alloy, when cast, may be poured 
into a tube or pipe of iron or steel or the like, or 
may be poured into a non-metallic conduit, as 
for instance, a graphite cylinder, in either of 
which cases, the alloy will melt and flow down 
wardly into the ladle metal as the ladle fills. AS 
a further modification of this procedure, the tube 
or cylinder into which the alloy is poured, may 
be pierced or slotted to permit the alloy to be 
fed into the metal progressively as the alloy is 
melted. 
In Fig. 6, an arrangement is shown for grad 

ually feeding the alloy rod in to the ladle 8. 
For this purpose, a mechanism i9, similar to that 
employed for actuating the stopper of a conven 
tional bottom tap mechanism, may be employed. 
In Fig. 7, a modification of the invention is 

shown, in which the alloy rod 2 is progressively 
fed into the stream of molten metal as the latter 
flows down the trough 2f, the rod being progres 
sively melted by the flowing metal. For the pur 
pose of thus progressively feeding the rod 20, a 
rack and gear mechanism may be employed. Rods 
of two or more different alloys may be fed in 
this manner, and the relative proportions of the 
alloying additions may be controlled as by using 
rods of different diameters, as shown in Fig. 4, or 
by feeding one of the rods at a greater rate of 
speed than the other. 

In Some cases, Where the rod is Susceptible of 
being melted at the molten metal line and thereby 
breaking off, it is desirable to taper the rod, so 
that its diameter gradually increases in an up 
wardly direction. This tends to draw the heat of 
the molten metal away from the rod at the metal 
line, thus preventing or minimizing the chances 
of Such burning off of the rod. 

Instead of feeding the alloy rod into a ladle 
or trough, it could be fed into a reaction cham 
ber, Such as a forehearth or the crucible of a 
cupola. 
The methods are also adaptable for incorporat 

ing two or more alloys into molten metal, by the 
use of a single rod. For this purpose, one of the 
alloys may be cast around a solid alloy rod, and in 
Some cases, a third alloy may be cast around 
the other two. This is of particular value in 
cases Where fixed percentages of alloys are to be 
added to a molten metal in production work. It 
may also be valuable where the alloy needed in a 
molten metal and added in rod form requires a 
carrier to avoid violent reactions, or, in other 
cases, where the carrier would speed up the re 
action. - 

The aforesaid methods are applicable to the in 
corporation of various types of alloys in molten 
iron and non-ferrous metals. Among such alloys 
are those of Silicon, manganese, molybdenum, 
magnesium, calcium, titanium, nickel, chromium, 
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4. 
vanadium, copper, etc. Graphite, boron, etc. may 
also be added to molten iron in this manner. 

It is to be understood that various changes 
may be made in the steps and other details of 
the methods, as described, without departing from 
the scope of the invention. 

Having thus described my invention, I claim: 
1. The method of incorporating an alloying in 

gredient in a molten metal, said method compris 
ing stationarily supporting the alloying ingredi 
ent, in the form of a rod or stick, substantially 
vertically in a ladle, and causing molten metal 
to fiow into the ladle in a stream spaced laterally 
a substantial distance from said rod so as to avoid 
impingement of the stream of metal against the 
rod, whereby the rod is progressively melted from 
its lower end upwardly as the level of the molten 
metal rises in the ladle, and the alloying in 
gredient is uniformly distributed throughout the 
molten metal. - 

2. The method, as recited in claim 1, in which 
the rod is supported at a position adjacent one 
side of the ladle, and the molten metal is poured 
into the ladle at a position adjacent the opposite 
side of the ladle. . 

3. The method of incorporating a plurality of 
different alloying ingredients in a molten metal, 
said method comprising stationarily supporting 
the alloying ingredients, each in the form of a 
separate rod or stick spaced from the others, Sub 
stantially vertically in a ladle, and causing molten 
metal to flow into the ladle in a stream Spaced 
a substantial distance from said rods So as to: 
avoid impingement of the stream of metal against 
the rods, whereby the rods are progressively 
melted from their lower ends upwardly as the 
level of the molten metal rises in the ladle, and 
the alloying ingredients are uniformly distributed 
throughout the molten metal. 

4. The method, as recited in claim 3, in which 
the rods are supported at positions adjacent one 
side of the ladie, and the molten metal is poured 
into the ladle at a position adjacent the opposite 
Side of the ladle. 

5. The method, as defined in claim 3, in which 
the different rods are of different diameters, 
whereby different amounts of the alloying in 
gredients are incorporated in the molten metal 
in direct proportion to the diameter of the rods. 
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