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This invention relates generally to the produc 
tion of nodular cast iron, but relates specifically 
to improved methods and apparatus for the in 
troduction of highly volatile and explosive addi 
tives to molten metal of all types and for all pur 
poSeiS. 

rise. 

encountered. 

2 
explosion and by the evolution of a tremendous 
quantity of heat. 
Furthermore, since the materials are volatile 

their addition to the surface of a ladle of metal 
does not allow intimate contact with the whole 

5 body of metal, and therefore it is practically in 
At the outset, is is to be understood that there possible to completely control the effect of the 

are various mechanical means known. Which are addition. For example, a laboratory experiment 
used to stir pots or ladles of molten metal for may determine that a particular given percentage 
various purposes, including the mixing of alloy- 0 of magnesium or magnesium alloy is beneficial 
ing agents, and that apparatus is available for for improving the properties of a cast iron. The 
mixing additives into molten metal by taking amount necessary for addition to a ladle filled 
advantage of natural laws. The latter devices with Such cast iron can be calculated and an 
include production of a VOirtex. Over an eScape additional amount added to make up the usual 
opening and dropping powdered alloying metal 5 losses to be expected, and that calculated amount 
at the vortex, and another method comprises of the additive is then thrown into a ladle. If 
pouring molten metal and the alloying metal into the operator is fortunate enough to get the ad 
a reduced-area, passageway leading to the bot- ditive below the Surface of the iron before it 
tom of a ladle. By the last method the alloy- completely volatilizes and burns, nevertheless, 
ing metal is carried to the botton of a pool of 20 he may not be able to distribute the additives 
molten metal and is distributed as it tends to evenly throughout the metal by Simply stirring 

the entire ladle. Further, although alloying 
In the production of nodular cast iron, and additive plactice may frequently be theoretically 

in other metallurgical processes, highly volatile discussed, a practical point often overlooked is 
and explosive additives are useful to produce in- 25 that molten iron will rapidly cool as long as it 
proved properties in castings. However, the is in a ladle, and therefore the time available for 
commercial production of metals alloyed with adding the alloying additive to a ladle of molten 
such explosive and volatile agentS has been Seri- metal is extremely limited if the casting to be 
ously hampered, because the amounts of the vol- made is poured before the cast iron becomes too 
atile and explosive additives must be quite large cold for maximum desirable properties. 
in commercial operations. When such large 80 Therefore, an object of this invention is to pro 
additions are attempted by the methods, and vide an improved method of incorporating vola 
with the equipment, known and used heretofore, tile and explosive agents into molten metal. 
serious loss of alloy, incomplete incorporation, Another object of this invention is to provide 
and explosions are encountered. On a labora- a commercial method and apparatus for mecha tory scale, of course, experiments can be readily 8 nically controlling the feeding of meta-carbide 
carried on to learn what additives would be de- stabilizing agents to a strean of molten iron 
sirable, and no real problems arise because of coordinated with the flow rate of the iron, With 
the very small amount of volatile and explosive out loss of temperature, in Order that the iron 
additive used. When full-scale production is at- will be hot and castings may be poured from the 
tempted, however, quite serious problems are 40 molten metal after the metal has been treated. 

Another object of this invention is to provide Specifically, it is common practice to add vola- a coordinated alloying system including a con 
tile materials directly to a la die of iron for the trolled stream of molten metal to be treated, ad 
purpose of purification of the cast iron, with dition of alloy in relation to the rate of molten 
subsequent improvement of graphite structure n 4 metal flow, and mechanical stirring in timed re 
physical properties. The addition of Yolatile lationship to both metal flow and alloy addition. 
materials such as magnesium or alloys of mag Stili another object of this invention is to pro 
nesium, is accompanied by intense burning and vide apparatus for producing a stream of molten 
the evolution of gaseous products under Pressure metalfowing at a regulated rate, with means 
Because these materials ignite at the temp???:" 50 " alloying agents at a Selected point in the 
ture of molten cast iron, the instantaneous addi- hanical stirri immedi f a quantity of magnesium or Similar Wola- stream, and mechanical Stirring means innedi 

?????????????? ? inflammable material to the ladle of ately downstream therefrom, to secure complete 
iii eydangerous. It is not uncom- control over the incorporation of the alloy into 

55 the molten metal, mon for the addition to be accompanied by an 
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Another object of this invention is to provide 
a trough for forming a stream of molten metal 
flowing at a regulated rate, and providing for 
continual movement of dross and slag through 
said trough. 
Another object of this invention is to produce 

a stream of molten cast iron and add volatile 
and explosive alloying agents at a rate relative 
to the rate of flow of the cast iron, thereby re 
ducing the mass of alloying additive entering the 
molten iron at a given time to a minimum, and 
yet fully incorporating the alloy into the iron 
before the iron can cool below good casting ten 
perature. 
Other objects and a fuller understanding of 

the invention may be had by referring to the 
following description and claims, taken in con 
junction with the accompanying drawings, in 
which: 

Figure 1 is a front-elevational view of a cupola, 
with an incorporator, made according to the 
teaching of this invention, placed to receive a 
flow of molten metal from the cupola tap hole; 

Figure 2 is a perspective view of a portion of 
the incorporator illustrating the trough and over 
fioW construction, together with the revolving 
paddle, and the bottom drain control rod, Winich 
are further features of this embodiment of the 
invention; and 

Figure 3 is an enlarged longitudinal Sectional 
view through the incorporator, with a corner of 
the cupola, illustrated in section to show the posi 
tion of the tap hole with respect to the trough of 
the incorporator. 
The mechanical apparatus illustrated in the 

drawings has been developed to carry out the 
principles of this invention. The apparatus may 
be called an incorporator, and is either mobile 
for use with a plurality of separate cupola fur 
naces, or may be stationarily mounted With re 
spect to one particular cupola. 
The illustrated incorporator comprises gener 

ally a trough extending to the tap hole 2 of 
a cupola, C. The trough provides a gentle 
slope from the tap hole 27 to a Sump 2. Re 
ferring to the Figure 1 of the drawings, it will 
be seen that the incorporator is narrow With 
respect to its length, and therefore the Sump 2 
provides a long and narrow confinement for the 
flow of the molten metal. 
sump provides a confinement in order to produce 
a stream of the molten metal of appreciable 
depth. A discharge port 28 opens through the 
bottom of the Sump 2 at the end thereof oppo 
site from the trough . 
A suitable shield 3 extends upwardly above the 

Sump 2 and is covered by a hood 5 suitably 
exhausted by a stack or fan. Thus, flames and 
fumes emitted from the molten metal. Within 
the Sump 3 will be led upward into the hood 
5 and Will thus be discharged Without contami 
nating the air of the room. Also, the shield 2 
provides an eXpansion area, to allow any danger 
ously large explosion and extremely high heat 
emission to be eXerted upwardly away from the ?i 
workman within the room. 
A funnel 25 of any suitable form is provided 

at the upstream side of the shield 3, and is fed 
by a feed pipe 26. Alloying agents and other 
additives may be supplied through the feed pipe 
26 by any Suitable mechanical devices now avail 
able, and the alloying agents will be directed to 
the Surface of metal Within the Sump 2 by the 
funnel 25. 
Downstream from the funnel 25, a paddle 7, 

In other Words, the 
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4. 
preferably having openings 8 therethrough, is 
provided to extend into Sump 2 and stir the flow 
ing metal within the sump 2, and a plug rod 9 
is provided to extend into the discharge port 
28 and control the rate of flow of metal from 
the Sump 2 into a suitable ladle. 
In order to make the incorporator as practical 

and efficient as possible, the upper portion of the 
Shield 3 is indented as illustrated best in the 
Figure 3, and thereby forms a Support for a motor 
carriage 4. The motor carriage 4 may be made 
of metal in such a manner as to provide a frame 
Work to support an electric motor 23 with a gear 
box 24 thereon. A stir l'od 6 extends from the 
gearbox 24 downwardly to the sump í 2, and the 
paddle is secured on the end thereof by any 
suitable means, but is preferably Secured by a 
removable means, such, for example, as the Set 
screw 34, in order that the paddle T may be 
removable and allow the rod 6 to be pulled up 
through the shield 3. 
The motor carriage 4 is also fitted to Support 

a pneumatic cylinder 20, sometimes referred to 
as a servomotor, to operate the plug rod 9. The 
plug rod 9 extends through the shield 3 and 
into the discharge port 28. The rod 9 is tapeted 
and is smaller than opening 28 at the end, but 
fully as large rearwardly of the end, and there 
fore will close the outlet 28 to any selected de 
gree. The pneumatic cylinder 20 is serviced by 
air lines 2 and 22 which extend around the out 
side of the Shield 3, to a valve located on the 
outside of the shield í3 just above the trough 

1. Also, a Switch is provided at the Sanne loca 
tion to control the electric motor 23. Thus, the 
operator of this improved device may stand in 
Such a position that he can view the flow of 
metal from the tap hole 27, and the height of 
the molten metal stream within the Sump 2, and 
then operate the pneumatic cylindel' 20 to open 
or restrict the discharge port 28, or order the 
tap hole 21 opened or closed, in order to maintain 
the stream within the Sump 2 at the desired 
level. Further, if desired, a system of electrical 
controls, operated by contact with the molten 
metal, could be used to maintain a desired level. 
The incorporator is entirely lined with a heavy 

coating of refractory, as illustrated, and like all 
metallurgical equipment requires constant ob 
servation to determine the state of repair of the 
refractory lining. Therefore, an inspection door 
32 is provided on the side of the incorporator, 
and a clean-out door 33 is also provided in order 
to provide a large opening when repairs and 
cleaning are necessary. Only the inspection door 
32 need be opened for most minor repairs and 
inspectioÍNS, but the entire opening can be pro 
vided by the door 32 and the door 33 whenever 
major repairs and clean-out are necessary. 

Figure 2 of the dra Wings illustrates the over 
fioW discharge feature of the invention which 
eliminates the accumulation of dross or slag. 
DrOSS and Slag accumulation difficulties have - 
heretofore made the operation of a continuous 
flow additive process impractical. Glass, for ex 
ample, has been treated in a continuously flowing 
Stream to incorporate coloring matter and other 
types of additives to the glass. An attempt to 
employ this glass process to molten iron was un 
Satisfactory because the dross and slag accumu 
lates in the trough and eventually the trough 
becomes plugged with a solid mass of the high 
melting point foreign matter. 
This invention features an overflow dam 29 in 

the side Wall of the trough . The dam 28 
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has a height at the proper level to which the 
molten metal is desired to be maintained within 
the trough. An overflow box 39 is attached to 
the Side of the trough to catch molten mate 
riai flowing over the diam 29. An outlet 3 in the 
botton of the box 33 directs the molten material 
inio a lade placed below the box 36. The box 
3 in effect is a funnel. 
With this apparatus the plug rod 9 is inserted 

into the discharge port 23 until the port 28 is com 
pletely closed. The molten material will then fill 
the trough to the height of the dam 29. The 
molten material, as it flows through the trough it 
and Over the dam 29, Will float the drOSS and Slag 
Over the top of the dam and out of the trough , 
With Substantially no accumulation within the 
trough. The plug 9 may be withdrawn slightly 
during the flow of metal in the trough to allow 
simultaneous discharge of clean metal from the 
botton of the trough thirough the port 28 along 
With the discharge of the metal through the outlet 
3. However, whether or not the port 28 is used 
for Withdrawing metal during the flow of metal, 
it is used at the end of the flow of raetal to drain 
the remaining metal from the trough i í below 
the level of the dan. 29. 
The iliilistiated preferred embodiment of the 

apparatus may be used to carry Out the new 
process developed for incorporating volatile and 
explosive additives to molten metal with the mini 
mum of loss and danger, coupled with the maxi 
mum incorporation of the alloy into the molten 
metal. By regulating the rate of flow of a metal 
stream under a point where the additive alloy 
material is added at a predetermined rate, the 
intensity of the addition may always be kept below 
the danger point. By incorporating a mechanical 
stirring device in the metal strean at a point im 
mediately following the addition point, it is poS 
sible to secure complete control of the incorpora 
tion of the ailoy into the molten metal. 

in the operation of the apparatus to carry Out 
the new process, the molten metal is allowed to 
flow from the cupola, furnace in the Conventional 
manner, and a pool of metal is allowed to form in 
the Sump 2 by having the rod 9 in its lower posi 
tion to substantially close the port 28. In this 
closed position, the port 28 will deliver the molten 
metal at a rate from one to ten times slower than 
the cupola, tap hole 2 will Supply it, and therefore 
the level of metal in the Sump 2 will gradually 
rise. Preferably, the molten metal should be re 
stricted until the level. Within the Sump 2 is Sub 
stantially as high as illustrated in Figure 3 of the 
drawingS. 
The alloy material is introduced through the 

funnel 25 at the additive point to the Surface of 
the fiowing stream and it moves into the path, of 
the revolving paddle . The paddle 7 is pref 
erably adapted to revolve at a speed substantially 
between 5 and 500 R. P. M., and is provided with 
openings which tend to cut through the metal and 
cause a turbulence for thorough mixing. When 
using a paddle, the best speed of revolution may 
be determined by considering the Volume between 
the paddle blades. Then volume multiplied by 
speed of revolution equals pounds per minute of 
Streah fiOW. 
From the foregoing description, it will be seen 

that the rate of metal flow, rate of addition of 
agents, and rate of stirring, are all closely inter 
related and are not independent. The flow of 
metal from the furnace may be the controlling 
factor, or with many volatile and explosive addin 
tions the safe and useful additive rate will control. 
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6 
By the processes of this invention volatile and 

explosive additives may be successfully added to 
molten metal because the amount of additive 
Supplied to the molten metal in a given period of 
time is reduced to an extremely low value, and 
therefore the explosive and volatile nature of the 
additive is reduced to a useful minimum. In 
other Words, the molten metal is conducted in a 
stream which is deep enough to permit thorough 
agitation for mixing the additive into the molten 
metal, but the amount of molten metal and voia 
tile additive coming into contact at one instanta 
neous period of time is considerably less than by 
the method of adding the entire amount of alloy 
to a ladle containing a full body of the molten 
metai. 
By adjusting the rate of flow of the metal from 

the cupola furnace and through the sump 2, and 
by Simultaneously adjusting the rate of addition 
of the alloying agents, and also simultaneously 
controlling the rate of stirring by the paddle 7, 
it has been found that the addition can be made 
conveniently with complete success and very little 
loSS of the additive material. 
As an example, it has been found that the rate 

of flow of the molten metal from the cupola fur 
nace may be between 300 pounds per minute and 
4000 pounds per minute, but it is preferable to 
keep the flow rate between 500 and 1500 pounds 
per minute. Also, the rate of flow of the alloy 
ing additive may be varied between i pound and 
120 pounds per minute, but it is preferably kept 
between 5 and 45 pounds per minute, depending 
upOn the Severity of action of the additive ima 
terial When applied to the molten metal. 
Many metallurgical compositions have been de 

veloped for the production of nodular and other 
types of iron, as Well as producing various types 
of alloys, and cleansing Various types of alloys. 
These processes and products are well known and 
need no extensive elaboration to explain the value 
of the invention disclosed herein, but probably 
the most Outstanding example of explosive alloy 
ing material is the addition of maginesium to 
molten cast iron for the purpose of producing 
nodular cast iron. Maginesium, of course, will 
ignite at the temperature of molten iron, and will 
tend to float on the top of the molten iron and 
thus prevent incorporation of the magnesium. 
Furthermore, even if a, quantity of magnesium 
Welte plunged belOW the Surface of a la die of 
molten iron, the high volatile nature of the ma 
terial at the temperature of the noiten iron will 
prevent thorough mixing and distribution of the 
alloy without considerable stirring to circulate the 
molten iron throughOut the lade. Of Course, it 
is entirely possible to stir the ladle of molten iron 
for a suitable period of time to incorporate the 
magnesium thoroughly, but attempts to carry out 
such a procedure on a coinnercial Scale have been 
extremely disappointing, because after the ladle 
of metal has been stirred to assure the thorough 
distribution of the magnesium, it has always been 
found that the ladle of metal has cooled to such 
an extent that Successful castings cannot be 
poured from the ladle. Therefore, it is of no 
value to aSSure complete alloy distribution only 
to find that the resulting product is useless. The 
process and apparatus of this invention provide 
a complete incorporation of the volatile and ex 
plosive alloy, and at the Same time assure the 
delivery of the properly alloyed molten metal at 
a temperature which will permit successful cast 
ing. 
On the other hand, many alloy materials, al 
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though not highly volatile and explosive, are of eX 
tremely high neiting point. Others resist even 
distribution throughout the body of the molten 
metal without thorough mixing. Ferromolyb 
demum and ferrochromium - are two examples of 
high melting point alloys, and sodium carbonate, 
sodium silicate and graphite are examples of ad 
ditives which must be thoroughly stirred into the 
molten body to effect proper contact. The addi 
tion of small amounts of these materials to the 
moving stream, followed immediately by thorough 
agitation, will assure complete incorporation of 
the additive into the molten body. 

Although my invention has been described in 
its preferred form with a certain degree of par 
ticularity, it is understood that the present dis 
closure of the preferred form has been made only 
by way of example and that numerous changes 
in the details of construction and the combina 
tion and arrangement of parts may be resorted to 
without departing from the spirit and the scope 
of the invention as hereinafter claimed. 
What is claimed is: 
1. Apparatus for the introduction of additives 

to molten metal as the metal is removed from a 
furnace comprising, a longitudinal trough having 
anentrance end and an exit end, Said trough hav 
ing a small cross sectional area with respect to 
the length thereof, means for introducing molten 
metal into said entrance end of Said trough, a 
spillway outlet from said exit end of Said trough, 
said trough having a continual slope to said Spill 
way outlet, said spillway outlet being at a Selected 
height above the bottom of said trough to provide 
escape of metal and slag from the top of the 
stream, bottom escape port means in said exit end 
of said trough, variable valve means to provide a 
regulated escape of fiuid from the Said port as Slag 
spills over the spillway outlet, said Spilway outlet 
and bottom escape port providing Substantially 
continual escape of metal and slag Separately from 
said trough and a constant predetermined depth 
within the trough, means for adding material at 
a given station to a stream of molten metal paSS 
ing through said trough, and means for agitating 
said stream at a downstream point from said sta 
tion. 

2. Apparatus for the introduction of additives to 
molten metal as the metal is removed from a fur 
Inace comprising, a longitudinal trough having an 
entrance end and an exit end, said trough having 
a small cross sectional area with respect to the 
length thereof, means for introducing molten 
metal into said entrance end of said trough, Spill 
way outlet means providing controlled continual 
escape of metal and slag from the surface of the 
metal streann, bottom escape port means below 
said outlet, means, variable valve means to provide 
a regulated escape of fluid from Said port means 
as metal and slag Spills over the Spillway Outlet, 
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said spillway outlet and bottom escape port means 
providing substantially continual escape of metal 
and Slag over-the spillway maintaining a constant 
predetermined depth of molten metal therein and 
preventing the accumulation of slag, means for 
adding material at a given station to the stream 
of molten metal passing through Said trough, and 
ineans for agitating said sti'eam at a downstream 
point from said station. 

3. Apparatus for the introduction of additives 
to molten metal as the metal is removed from a 
furnace comprising, a longitudinal trough having 
an entrance end and an exit end, said trough hav 
ing a Snimall "cross Sectional area, with respect to 
the length thereof, means for providing a constant 
discharge of varying flow from the surface of the 
molten metal in said trough, bottom escape port 
means in Said trough, Variable Valve means to pro 
vide a regulated escape of fluid from the said port 
as metal and slag are discharged from the sur 
face of the molten metal in the trough, the depth 
and rate of the molten metal through the trough 
thereby being constant and accurately con 
trollable, whereby additives may be introduced at 
a rate based upon the rate of flow of the molten 
metal past a point and avoid over-Concentration 
and in proper distribution of additive material. 

4. The process of incorporating additive nate 
rial to a molten metal comprising, providing a 
channel mixing trough having a small cross sec 
tional area with respect to the length thereof, in 
troducing untreated molten metal into a first end 
of said trough at a first rate to form a stream, in 
troducing slag forming additive material to the 
surface of the stream at an additive point down 
stream from the said first end of the trough and 
at a rate related to the rate of minolten metai fioW 
ing past the said additive point, allowing the foW 
of molten metal to carry the additive material. 
down-stream away from Said additive point, per 
mitting the slag and some molten metal to e8Scape 
said trough from the Surface of Said stream at a 
second end of the trough and at a Second rate, 
regulating said first and second rates to maintain 
a pre-determined depth of molten metal stream 
and rate of flow through said channel, and skim 
ming the slag from the Surface of the Stream. 
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