
Dec. 5, 1967 F. MULLER ETAL 3,356,490 
REFINING PIG IRON 

Filed April 23, 1965 5 Sheets-Sheet l 

2 XXX2.7%AA // 2 
VAA7VAK/VVVN 

  



Dec. 5, 1967 F. MULLER ETAL 3,356,490 
REFINING PIG IRON 

Filed April 23, 1965 5 Sheets-Sheet 2 

  



3,356,490 F: MULER ETAL Dec. 5, 1967 
REFINING PIG IRON 

5. Sheets-Sheet 3 Filed April 23, 1965 

  



Dec. 5, 1967 F. MUER ETAL 3,356,490 
REFINING PIG IRON 

Filed April 23, 1965 5 Sheets-Sheet, 4 

4-4444444-42 easterez Zazz 

  



Dec. 5, 1967 F. MULER ETAL 3,356,490 
REFINING PIG IRON 

Filed April 23, 1965 5 Sheets-Sheet 5 

Cin mes tal Fe on slo A PSiMn in metal. e S 47 

5 A 

A 

7 A/ 

M1 A 7 A. t A. 27 A 27 27 

Duration of overflow of slag 

//// 

Time minutes 

  

  



United States Patent Office 3,356,490 
Patented Dec. 5, 1967 

3,356,490 
REFENING PG RON 

Francois Muller, Griffith, Ind., and Paul Niles, Embourg, 
and Eties asne Denis, Grivegnee, Belgium, assignors to 
Centre National de Recherchas Metallurgiques, Brus 
sels, Belgium, a Belgian company 

Filed Apr. 23, 1965, Ser. No. 450,386 
Ciains priority, application Luxembourg, May 4, 1964, 

46,019; May 21, 1964, 46,119; May 23, 1964, 46,145; 
May 30, 1964, 46,202; June 2, 1964, 46,229; June 4, 
1964, 46,249; July 7, 1964, 46,473; Oct. 17, 1964, 
47,155, 47,156; Oct. 27, 1964, 47,219; Oct. 31, 1964, 
47,265 

6 Claims. (C. 75-60) 

The present invention relates to improvements in proc 
esses for refining pig iron. Recently introduced techniques, 
which have now become well known, for refining pig iron 
comprise the top blowing of a bath of liquid pig iron with 
an oxidizing gas which may or may not contain slag-form 
ing materials in suspension. Such processes have been used 
to make steels of a quality fully comparable with open 
hearth steels and electric steels while often reducing costs 
Substantially. In the case of phosphorus-containing pig 
iron these known processes usually comprise two blowing 
periods at least, separated by a slagging operation. Such 
a slagging operation however has certain disadvantages 
such as loss of time, loss of heat, and an increase in the 
wear of the refractories of the vessel holding the metal 
since the metal remains in it longer. 
On the other hand haematitic pig iron can be refined 

in a single phase, that is to say without an intermediate 
slagging operation, though it has not been found econom 
ically advantageous to use the same slag from the begin 
ning to the very end of the refining operation since the 
slag does not remain sufficiently fluid and reactive till the 
end of the process since it contains too many impurities. 
One particular object of the present invention is the 

provision of a process which enables the majority of the 
above-mentioned disadvantages to be overcome while pro 
viding several advantages as well. 

In the process in accordance with the invention a 
haematitic or phosphorus-containing pig iron is blown 
with an oxidizing gas, such as commercially pure oxygen, 
and the blowing is carried out in such a manner as to pro 
duce a foaming slag, at least part of this foaming slag 
being evacuated from the refining vessel as it is formed. 
The evacuation can take place during all or during only 
part of the operation. The oxidizing gas can contain in 
suspension slag-forming materials. 

It has been found that one advantage of the process in 
accordance with the invention is that a fresh and reactive 
slag is continually formed owing to the supply of slag 
forming materials in the gas. Owing to the continuous 
evacuation of foaming slag which has already reacted at 
least partially with the metal, the physical and chemical 
reactions of the refining process are accelerated and the 
equilibrium points are displaced so as to obtain a purer 
metal. 
The vessel used for carrying out the invention can have 

a low volume, for instance between 0.3 and 0.7 cubic 
meter per metric ton of pig iron. The volume is therefore 
comparatively low since in conventional apparatus it is 
usually between 0.7 cubic meter and 1.4 cubic meters per 
metric ton of pig iron. This is evidently a substantial ad 
vantage of the invention. 
The evacuation of the foaming slag can take place 

either by allowing it to overflow over its rim or through 
a lateral opening in the vessel placed at a carefully chosen 
height. 
The choice of the height should be made to ensure that 

the volume of slag is small enough to enable a rapid 
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2 
change-over in the slag to take place without the lateral 
opening being so low that granules of metal are lost to 
any great extent with the slag being evacuated. It has been 
found that the height of the slag divided by the height 
of the bath should be between 0.5 and 1.5. In practice of 
course it can be adjusted by tipping the vessel. 

If the degree of foaming is insufficient several methods 
can be used for increasing it; for instance by adding ma 
terials such as oxides of iron, chromium oxide, graphite, 
and magnesia to the slag, either by themselves or as con 
stituents of powders containing slag-forming materials 
blown into the bath with a lance. These slag-forming ma 
terials can be added continuously throughout a refining 
operation or heat so as to make sure that the slag is al 
ways capable of taking up impurities from the metal being 
refined. It has been found that graphite and magnesia 
have the advantage over iron oxides of decreasing the 
quantity of iron lost in the slag being continually removed. 
Although the materials for provoking foaming can be in 
powder form they can also be in the particle size range 
2 mm. to 100 mm. and this has been found specially 
so in the case of graphite. 
Though it is difficult to lay down a general rule for 

the quantity of foam-provoking agents to be added for all 
steels and all grades of cast-iron, it is considered that they 
should make up between 1 and 10% of the slag in the 
vessel. 
A second method of causing continuous foaming of the 

slag consists in maintaining the lower end of the lance 
used for refining below the lowest part of the opening for 
the removal of slag and controlling foaming of the slag 
using known techniques of blowing, i.e. to produce an 
emulsion. This technique has the advantage of facilitat 
ing deep penetration of the jet of oxidizing gas into the 
metal and thus accelerating reactions between the metal 
and the slag. The method is particularly advantageous 
when fresh slag-forming and foam-provoking materials 
are added continuously so that the level of the foaming 
slag is sufficiently high to cause continuous operation. 
A further method of provoking foaming of the slag con 

sists in using a lance whose bore diameter in mm. is not 
less than 0.02 times the diameter of the bath in meters 
divided by the square root of the absolute pressure of the 
refining gas in atmospheres. 
The yield of the process can be increased by placing 

the refining lance eccentrically in relation to the axis of 
the vessel between the axis and the lateral opening for the 
removal of slag, and it has been found that this arrange 
ment Substantially reduces throwing of particles or gran 
ules of metal towards the slag-removal opening. There 
fore there is less risk of the particles of metal being 
drawn out of the vessel in the slag by the refining jet 
through the lateral opening. Such a loss of metal can 
also be reduced by directing preferably oblique jets of 
gas towards the top of the vessel so as to sweep back gran 
ules of metal from the slag-removal opening and thus 
favour the contact of the metal and the slag. 
The removal of slag at the beginning of the operation 

is facilitated by using a slag-removal opening which is 
comparatively small, and pressurizing the inside of the 
vessel so that gas and fumes produced during the refining 
are obliged to pass out through the slag-removal opening 
and thus help the removal of foaming slag. 
The times at which slag should be removed and the 

rate at which it is removed should be related to the chem 
ical composition of the slag, for instance having regard 
to its iron oxide and POs contents. It is therefore advan 
tageous to refrain from removing slag unless the slag con 
tains a certain maximum quantity of iron oxide (for in 
stance 20%) and a certain minimum quantity of P.O. 
The composition of slag should be chosen so that there 

is no likelihood of two immiscible slag phases arising. 
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The content of iron oxide should be kept low so as to 
prevent such an occurrence, as can be seen from an 
examination of a ternary diagram of 

PO-CaO-Fe0--MnO 
At this moment, the quantity of iron carried out with the 
slag in the course of slag removal can be considered as 
economically acceptable. 
The continuously removed slag removed after this mo 

ment is richer in lime and POs than the slag formed 
initially at the beginning of a refining operation and is 
therefore more suitable for agricultural uses. The content 
of iron oxide, low when slag is first removed, decreases 
to a minimum and then increases again. The continuous 
removal of slag should therefore be stopped so as to keep 
the losses of iron oxide within reasonable limits. 
The ternary diagram represented in FIGURE 1 of the 

accompanying drawing, in which I and II indicate respec 
tively the zone of immiscibility and the zone of lime sat 
uration, indicates by way of example the manner in which 
this form of invention may be carried out. The variations 
in chemical composition during the course of an opera 
tion are shown schematically so as to indicate the limiting 
compositions of the slag. Thus in the curve showing the 
variations of composition the parts ab and call represent 
the variation in composition when slag is not being con 
tinually removed, while the part bc represents the vari 
ation of the composition when the slag is continuously 
removed. 

In order to provide for easy control of the quantity 
of slag removed and to estimate its iron content at any 
given instant, the slag is preferably weighed continuously 
and the rate of slag formation is modified as desired, for 
instance by tilting the vessel so that the ratio between 
the depths of the slag and of the metal is changed. 

It is known that at a certain point, the iron oxide con 
tent of the slag begins to increase in such a fashion that 
the slag has a composition at the end of the operation 
which enables a low phosphorus content to be attained 
in the metallic bath. At this moment it is necessary to 
slow down or even stop the flow of the slag from the 
vessel for the purpose of avoiding a reduction in the yield 
of refined metal. 
By means of analysing the composition of the slag it is 

possible to determine the moment at which it is conve 
nient to reduce or stop the removal of the slag; however 
continuous weighing is quicker and simpler. Another ad 
vantage of continuous weighing (preferably carried out 
with electronic weighing equipment), results from the fact 
that if the content of metallic iron in the slag increases 
suddenly, the sudden increase in the weight of the slag 
is quickly detected so that the operator can react rapidly 
to take effective steps to limit losses in iron, something 
that would not be possible with other methods. Such 
other methods being based on computations of the total 
quantities of lime and oxygen injected bear less relation 
to the composition of the slag. 

It has been found that the quantity of citric acid soluble 
PO, which is important from the agricultural point of 
view, is more particularly related to the percentage of 
silica divided by the percentage of POs in the slag and, 
to achieve solubility, this ratio should always be above 
0.3. 

In accordance with the invention it has been found 
comparatively easy to produce a slag having a POs con 
tent sufficient to give a high citric acid solubility. Thus, 
to achieve this, during the whole of the refining operation 
blowing is carried out in such a manner with the addition 
of slag-forming materials, for instance limestone, that the 
liquid slag emerging from the vessel or converter always 
contains at least 14%, and preferably 18% of POs and 
as the refining operation proceeds silica- or silicon-con 
taining materials are added so that the silica-POs ratio 
always exceeds 0.3. 

These additions can, in accordance with this embodi 
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4. 
ment of the invention, be carried out preferably outside 
the refining vessel. 

Different processes can be used for slowing down or 
stopping the production or the removal of slag. One can 
for example change the height of the blowing lance and/ 
or the rate of feed of lime or of oxygen. These methods 
though efficient are slow, and it has been found Surer 
and more effective to raise the height of the slag-removal 
opening by tilting the vessel. The slag-removal opening 
can be provided with an elongated lip. The slag level can 
be raised by using a block of refractory material, wood, or 
a plastic substance fitting in the opening so as to dam it. 
The present invention has a further embodiment pro 

viding for the recovery of metal entrained with the slag 
as it is evacuated and for this the slag is collected in a 
receptacle distinct from the refining vessel. The slag can 
be separated from the metal in it by decantation or cen 
trifuging and the metal thus recovered can either be 
treated as being fully refined or can be replaced in the 
vessel in the following heat. 

In the case of decantation, the slag flowing from the 
vessel when overflowing begins is preferably collected in 
an empty ladle which is in the turned up position. Drop 
lets of steel and metal are then separated by decantation. 
The slag retained in the ladle during the decantation may 
frequently have a relatively high silica content, since it 
will contain a proportion of the slag that first overflows 
from the refining vessel and therefore the slag collected 
in the ladle, after steps have been taken to see that it is 
homogeneous, is particularly suitable for use as an agri 
cultural fertiliser. In the course of another phase of 
overflow, the ladle can be inclined in such a fashion 
that only particles of metal are retained in it and the 
slag flows continuously so that the ladle only represents 
a temporary receptacle for the slag overflowing from 
the refining vessel (for instance a converter) into a 
further slag container. Towards the end of a heat, 
the ladle can be tilted into its upright position again so 
as to retain the iron-rich slag which then starts to flow, 
until the slag outlet opening is blocked or until the vessel 
is turned up. Proceeding thus, a mixing of the last 
named, iron-rich slag, with the slag in the further slag 
containing vessel used, is avoided, something that would 
be unavoidable if the ladle were not used during the 
blocking of the opening in the converter. 

It has been found that the particles of metal entrained 
with the slag are nearly or practically completely refined, 
and a further embodiment of the invention is based on 
an intentional encouragement of such entrainment, the 
entrained metal being separated from the entraining slag 
by decantation or centrifuging, while to make up for the 
loss of metal from the vessel, metal is continually added 
to it. 
The partially or totally refined liquid metal can be 

forced out of the refining vessel by adding pig iron to the 
vessel either continuously or interruptedly. The pig iron 
can be added from the side or from above, above or 
below the level of the bath through it is preferable to 
place it in the bottom of the bath as directly as possible 
in order to avoid disturbing the refining operation being 
carried out. Another reason for adding the pig iron to 
the bottom of the bath is that as the pig iron rises to the 
surface its temperature gradient increases and decarbu 
risation progresses. 
The quantity of pig iron to be added is substantially 

equal to the amount of metal evacuated from the vessel. 
The rate at which pig iron is evacuated from the vessel 
can be controlled in various manners, for instance by 
varying the distance between the lance and the bath or 
varying the kinetic energy of the gas striking the bath. 
The gas can be projected obliquely down on to the bath 
So as to vary its impact pressure and the quantity of 
slag-forming material suspended in the gas can be varied. 
Also it is possible to vary the pressure of the gas, the 
height of the foaming slag and the pressure in the vessel. 
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If the metal evacuated from the vessel during the oper 
ation is not sufficiently refined, the treatment of the metal 
can be carried out in a secondary refining vessel in which 
the metal is subjected in a continuous or discontinuous 

I fashion to a reheating operation and then to a subsidiary 
refining operation in accordance with its condition possi 
bly followed by the addition of alloying elements and 
to deoxidation. 
A particularly advantageous form of process described 

in the last preceding paragraph consists in allowing the 
mixture of foaming slag and metal falling from the pri 
mary vessel to drop into a secondary vessel (for example 
a ladie) provided with a means for separating the slag 
and the metal, for example a tipping device for the care 
fully controlled pouring off of the supernatant slag, either 
continuously or discontinuously, from the secondary 
vessel while the metal remains behind in it. 
The primary and secondary vessels or receptacles can 

be arranged in such a manner that while metal and 
foaming slag passes from the first vessel into the second 
vessel, the metal is continually decanted from the second 
vessei. 
On the other hand if a batch rather than a continuous 

method is used, the secondary vessel is allowed to fill 
with metal and a further secondary vessel is then filled 
from the primary vessel while the metal from the first 
Secondary vessel is given further treatment. This further 
treatment can be of a conventional nature though a pre 
ferred form of it comprises injecting an oxidizing gas, 
preferably commercially pure oxygen, down into the 
metal and finely divided slag-forming materials may be 
added in the gas. The metal after this treatment can be 
Separated finally from its slag in a continuous or discon 
tinuous manner, or, if it is needed, a further purifying 
treatment can be carried out. It is therefore possible to 
carry out a three-stage cascade continuous process of 
Steel making in which the metal to be treated flows con 
tinuously from the primary vessel, then to the secondary 
vessel, and then to the tertiary vessel, pneumatic refin 
ing producing a foaming. slag. being carried out in each 
vessel. - 

If such a continuous cascade process is used using 
two vessels instead of three the operation can be carried 
out in Such a manner that a low-iron slag is used in the 
first vessel, for instance with an iron content between 
5% and 30% and preferably between 10% and 20%, 
while the POs content is at least 15%. This slag removed 
from the primary vessel is therefore of high value as a 
fertilizer for agriculture. 

In the secondary vessel oxidation of the metal is en 
couraged so as to obtain an iron-rich slag which does not 
contain much phosphorus and can be added to the pri 
mary vessel together with the necessary pig iron and 
Scrap. 

Scrap may be added to the secondary vessel. In order 
to accelerate the melting of the scrap it is possible to use 
burners such as oxygen-hydrocarbon burners in both the 
vessels. These burners also accelerate the refining process 
directly. The metal when it has been completely refined 
can be cast into conventional ingots or can be continu 
ously cast. - 

A further aspect of the invention is the pneumatic 
granulation of the slag produced since as the slag is pro 
duced continuously the granulating apparatus can be 
considerably simpler than known apparatus in which 
the slag has to be stored while molten, since it is 
produced in batches, until it can be dealt with by the 
granulating device. 

In accordance with the present invention the slag which 
is allowed to run continuously from the vessel in which 
steel is being produced is granulated by means of one or 
more jets of gas or liquid blown obliquely or perpendic 
ularly towards the flow of liquid slag. 
A further advantage of the present invention from 

the point of view of granulating slag pneumatically or 
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6 
by means of a liquid is that the slags produced are liquid 
and of fairly even consistency, as opposed to the slags 
produced in conventional batch processes for making 
steel. The granulation can be carried out on slag leaving 
any one of three stages of a cascade process in accord 
ance with the invention or on slag leaving all of them. 
As for apparatus used for carrying out the invention, 

the top blowing of a melt of pig iron so as to produce a 
foaming slag which is allowed to overflow continuously 
can be carried out in an approximately cylindrical vessel 
having a lateral opening and a solid flat bottom. The top 
part of the vessel can converge conically. 
The vessel can be provided with a cover to enable a 

gauge pressure to be obtained inside it so as to encourage 
fumes to emerge through the lateral opening together 
with some of the supernatant slag. The metal can be 
teemed through a tapping hole in the side of the vessel 
preferably opposite the lateral opening for the removal 
of slag. The tapping hole is higher than the slag-removal 
opening, the vertical component of the distance between 
both openings being preferably between one and two 
times the thickness of the slag, this being sufficient to pre 
vent the slag emerging as it foams, without requiring an 
exceptionally tall vessel. As already mentioned the vessel 
can be provided with an elongated lip or trough for guid 
ing liquid slag leaving through the lateral opening. In 
order to discourage metal from flowing out along such 
a trough, the bottom of the trough can be made so that 
the first part of it nearest the vessel slopes upwards or 
the trough can be provided with a separate interior duct 
which rotates. 

Various embodiments of the invention and apparatus 
for carrying it out are now described with reference to 
the attached drawings. 
FIGURE 1 (which has already been described above) is a ternary diagram of the system 

POs-CaO-Fe0--MnO 
FIGURES 2 and 3 show vessels in the form of con 

verters for carrying out the process in accordance with 
the invention. 
FIGURE 4 is a section of a further converter. 
FIGURE 5 shows yet another converter. 
FIGURES 6 and 7 show methods of operating conver 

ters when carrying out the process in accordance with 
the invention. 
FIGURES 8 and 9 show an apparatus for carrying out 

the invention in different positions. - 
FIGURE 10 shows a further apparatus for carrying 

out the invention. 
FIGURES 11 and 12 show somewhat similar apparatus. 
FIGURE 13 illustrates a cascade steel-making process 

in accordance with the invention. 
FIGURE 14 is a graph showing the course of a steel 

making operation in accordance with invention. 
As shown in the drawings, and with more particular 

reference to FIGURES 2 and 3, it can be seen that the 
process of the invention in which pig iron is continuously 
top blown so as to produce a foaming slag on it which is 
allowed to overflow, can conveniently be carried out in 
an approximately cylindrical converter vessel 1 provided 
With a lateral opening 2 for the continuous overflow of 
the slag, and a tapping opening 3 for teeming the metal. 
The converter is provided with a cover 4 and a lance 5 
for the top blowing with an oxidizing gas such as com 
mercially pure oxygen containing slag-forming materials 
in Suspension. The cover 4 seals the top of the converter 
and causes the fumes generated in it to be blown out 
through the lateral slag-removal opening 2 entraining 
With them the foaming slag. For teeming the metal the 
vessel is turned down in a clockwise direction. FIGURE 
3 shown a similar apparatus for carrying out the present 
invention. 

In the converter shown in FIGURE 4 the bottom end 
or tip of the lance 5 is oblique and is mounted in an ec 
-centric position in relation to the center axis of the con 
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verter. It tends to blow the foaming slag away from the 
slag outlet opening 2. It will be noted that the duct 2' 
leading from the slag outlet openings slopes upwards to 
discourage the loss of metal from the vessel with the over 
flowing slag. 

In the converter shown in FIGURE 5 the process is 
carried out in such a manner that the foaming slag over 
flows over the lip 7 of the lateral spout 8. The angle of 
the bottom of the spout to the axis of the converter 
should be between 30 and 70° and preferably between 
40° and 55°. Preferably the bore of the converter is 
cylindrical so as to increase the slag capacity, to facilitate 
decantation of the steel, and reduce the quantity of metal 
entrained with the slag leaving along the spout 8. Prefer 
ably the volume available for slag before it overflows 
and that available for the metal should be in a ratio of 
between 0.25 and 3 or preferably between 0.75 and 2. 
The ratio in the actual embodiment shown is 1.96. In 

the converter shown in FIGURES 6 and 7 the overflow 
of slag can be reduced or shut off completely by tilting 
in an anti-clockwise direction as shown in FIGURE 7. 
The cover 4 of the converter is provided with a slot 4 
which enables the converter to be tilted without moving 
the lance 5. The metal is represented by M. During re 
fining slag is allowed to overflow continuously through 
the lateral opening 2. It will be noted that this lateral 
'opening is provided with a spout having a weir 9 to hold 
back the metal. 
The apparatus shown in FIGURE 8 comprises a con 

verter vessel 1 similar to the converter vessel shown in 
FIGURE 5. Slag flows continuously from it to a decanting 
vessel 10 and thence into a slag container 11. The decant 
ing vessel 10 can be in a horizontal position so as to retain 
the metal and (temporarily) the slag or it can be inclined 
as shown in FIGURE 9 so that it only serves for decanting 
the metallic particles. The apparatus shown in FIGURE 9 
is similar to that shown in FIGURE 8 apart from the 
provision of a wall of the converter above the spout. 
FIGURES 10, 11 and 12 all show apparatus for the 

continuous refining of pig iron, that is to say apparatus 
in which the pig iron is caused to flow continually through 
the apparatus instead of being treated in batches. 

In the apparatus shown in FIGURE 10 we utilise a 
‘converter 1 fed continuously at its bottom with liquid pig 
iron through a duct 2. The cover 4 is provided with an 
opening 4' whose size is chosen to achieve the desired 
pressure inside the vessel 1. Slag and metal flow continu 
ously through the lateral opening 2 into a decanting vessel 
i3 provides with decanting openings 14 and 15 for the 
removal of metal and slag respectively. 16 indicates a 
device for the addition of ferro-manganese. 

In the apparatus shown in FIGURE 11 scrap is added 
through a lateral opening 17 down a chute 18 and is pre 
heated by fumes generated during the refining process. 
The bore at the bottom of the lance 5 is inclined obliquely 
towards the lateral opening 2 for the removal of slag and 
metal. The decanting vessel 13 is similar to that shown in 
FIGURE 10 but cannot be tilted and has a cover. 

In the apparatus shown in FIGURE 12 the lance 5 is 
inclined and enters the vessel through a side wall. An 
oxygen-hydrocarbon fuel burner 19 serves for heating up 
the scrap as it enters the vessel. 
As shown in FIGURE 13, apparatus for a cascade proc 

ess for the continuous manufacture of steel from pig iron 
in accordance with the invention comprises two vessels 1 
in which the metal is refined by means of top blowing with 
an oxidizing gas, for instance commercially pure oxygen, 
containing powdered lime in suspension. Metal and foam 
ing slag continuously flow from the primary vessel 1 into 
the decanting vessel 20 which is provided with an overflow 
21 for the slag, which is low in iron and rich in phos 
phorus, and an outlet pipe 22 with an inverted U bend or 
syphon for the removal of metal which flows into a second 
refining vessel also denoted by the reference numeral 1 in 
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8 
containing lime in suspension. The emulsion of slag and 
metal is allowed to overflow into a further decanting ves 
sel 20 where the slag which is rich in iron is removed and 
returned to the first vessel 1. The steel passes from the ves 
sel 20 to a receptacle 23 in which alloying elements and 
deoxidizing agents are added. After leaving this receptacle 
the steel passes to a continuous casting plant schematically 
indicated at 24. 

For granulating the slag produced it is possible to pro 
vide jets of liquid or gas acting on the slag as it flows con 
tinuously from the spout of a ladle of slag, provision being 
made for tilting the ladles so that the rate of flow of slag 
can be maintained at an even rate. 
The following is an example of a process embodying 

the invention. 
An experimental converter was used having an internal 

diameter of 85 cm. The converter was provided with a 
lateral opening with a diameter of 30 cm., its bottom 
being 60 cm. above the level of the bath. The depth of 
the bath (composed of Thomas pig iron and cooling 
scrap) was 60 cm. The bath contained two metric tons 
of metal with the following analysis: 

Percent 
C ----------------------------------------- 3.75 
P ----------------------------------------- 1.80 
Si ----------------------------------------- 0.3 
Min --------------------------------------- 0.2 

Commercially pure oxygen was blown down on to the 
bath using a lance whose bore diameter was 21 mm. The 
rate of injection was 7.5 Nm.3 of oxygen per minute. 
One minute after the beginning of the operation the in 
jection of lime powder was begun at the rate of 16 kg. 
per minute and this was kept up for twelve minutes. Over 
flowing of the slag began at the eighth minute and lasted 
for five minutes. 130 kg. of slag were collected for each 
metric ton of metal. 
The slag which overflowed had the following analysis: 

Percent 
CaO ---------------------------------------- 52 
POs ---------------------------------------- 21. 
Fe ------------------------------------------ 15 
SiO2 ---------------------------------------- 4 
As the slag overflowed the lance was gradually lowered 

towards the bath. At the thirteenth minute the slag over 
flow opening was blocked up with a refractory. The rate 
of feed of lime was then altered to 40 kg. per minute dur 
ing a period of 1% minutes while the feed of oxygen was 
reduced to 6 Nm.8 per minute until the end of the opera 
tion after nineteen minutes. 
The graph of FIGURE 14 shows the changes in the 

composition of the metal as regards carbon, phosphorus, 
silicon and manganese and also as regards changes in the 
iron content of the slag. The final content of the steel, 
as shown, was C, 0.04%, P, 0.015%, and S, 0.015%. 
The final slag composition was CaO, 50%, P.O.s, 8%, 
SiO2, 3%, Fe, 25%. 
The first slag was therefore quite suitable for use as 

a fertilizer while the second slag could be returned to the 
converter for use at the beginning of a refining operation. 

In a further embodiment of the invention the same 
converter was charged with 3 metric tons of pig iron and 
Scrap and a decantation receptacle was placed to receive 
material emerging from the lateral opening of the con 
verter. The slag was allowed to overflow out of this ves 
Sel into a slag container while metal was removed from 
a tapping hole in it and transferred to a ladle in which 
final additions were made to achieve the desired composi 
tion. A tilting ladle was placed somewhat above and to 
the side of the converter so as to allow pig iron to flow 
continuously into the converter. During the first part of 
the operation before overflowing of metal began, the 
metal was top blown as described in the first example. 

which it is top blown again by commercially pure oxygen 75 The slag that overflowed had the same composition as 



3,356,490 
9 

in the first example while the metal which was entrained 
with the slag into the decantation receptacle had a carbon 
content of 0.05% and a phosphorus content of 0.015%. 
While I have described specific embodiments of my 

invention so as to enable those skilled in the art to take 
full advantage of it, it is to be understood that the mono 
poly I seek in the United States is not to be limited to 
these particular embodiments but is to be defined by 
the gist and spirit of the following patent claims. 
We claim: 
1. In a process of refining pig iron which comprises 

top blowing pig iron in a refining vessel with an oxidizing 
gas, the improvement comprising producing a foaming 
slag on the molten metal, and removing at least part of 
said foaming slag by continuously overflowing from the 
refining vessel during at least part of the operation. 

2. A process for refining pig iron according to claim 
1, wherein the refining vessel is a converter and the height 
of said foaming slag divided by the height of the molten 
metal in the converter is between 0.5 and 1.5. 

3. A process for refining pig iron according to claim 
1, wherein the foaming slag formed contains fine particles 
of iron and the slag is caused to overflow from the refin 
ing vessel when it contains 20% or less of iron. 

4. A process for refining pig iron according to claim 
1, wherein the foaming slag overflowing from the vessel 
contains particles of iron and continuously weighing the 
slag to determine the percentage of iron therein. 

5. A process for refining pig iron according to claim 
1, wherein the foaming slag contains fine particles of 
iron and collecting said overflowing foaming slag in a 
receptacle distinct from the refining vessel, and separat 
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ing the slag from the iron entrained with it in said 
receptacle. 

6. A process for refining pig iron according to claim 
1, wherein the foaming slag formed contains fine parti 
cles of iron in suspension, removing said foaming slag 
containing fine particles of iron in suspension by con 
tinuously overflowing from the refining vessel into a 
receptacle distinct from said refining vessel, continuously 
adding iron into the refining vessel to make up for the 
loss of iron from said refining vessel, and separating the 
entrained iron from the entraining slag, said metal then 
passing continuously into a secondary refining vessel in 
which it is refined again by top blowing while the slag 
is collected in a slag ladle. 
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