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[57] ' ABSTRACT 

In a method for controlling the ?nal carbon content of 
' a steel produced by an oxygen steelmaking process, 

the weight of the molten steel in the vessel is continu 
ously monitored during the process by means of load 
cells. The load cells may be placed under the vessel 
support structure or alternatively within the vessel 
support structure with trunnions which support the 
vessel disposed to rest on the vessel. It is found that a 
minimum weight point occurs in the charge consis 
tently at the same carbon content during steelmaking. 
The detection of this point is used in the establishment 
of a relationship between oxygen added after this 
point and the ?nal carbon content of the steel. Provid 
ing that the initial charge weight is fairly constant and 
the amount of oxygen added after the minimum 
weight point is known, the relationship, conveniently 
in the form of a calibration curve, may be used to pre 
dict or control the ?nal carbon conent of the steel. 

3 Claims, 6 Drawing Figures 
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1 
STEELMAKING 

This invention relates to oxygen steelmaking and is 
particularly concerned with controlling carbon content 
in the molten steel at the end of the re?ning process. 
The control of the carbon content at the end of the 

oxygen blow in oxygen steelmaking processes has been 
a problem for many years. Various methods are well 
known in the art for attempting to predict end point 
and thereby control the carbon content both during 
and particularly at the end of the blow. These methods 
include studying the ?ame issuing from the mouth of 
the converter for change in ?ame colour, exhaust gas 
analysis, molten steel temperature measurement and 
acoustic analysis of the metal in the converter, all of 
which are indicative of composition changes and par 
ticularly of carbon content change, in the molten steel. 
These methods do, however, all suffer from the com 
mon disadvantage in that while they enable carbon 
content to be monitored at the time of measurement, 
an assessment of rate of carbon change or alternatively 
prediction of carbon end-point, that is to say carbon 
content of the ?nished steel heat, is extremely difficult. 
The prior processes also are relatively inaccurate and 
it is an object of the present invention to produce an 
improved method of carbon end-point determination. 
The present invention is based on the discovery that 

an accurate and rapid prediction of carbon end-point 
may be made by the technique of continuously moni 
toring the weight of the converter or furnace vessel 
charge during the refining blow up to and beyond a 
minimum weight point. ' 

It has been found that after the minimum weight 
point, carbon loss from the melt is related to the quan 
tity of oxygen injected into the converter or furnace 
vessel. Once this relationship has been determined by 
a conventional calibration test run for a particular con 
verter or furnace vessel, the carbon end-point can be 
accurately predicted and controlled by injecting the 
calculated quantity of oxygen into the melt after the 
minimum weight point condition. The term converter 
is applied herein to any plant in which steel is refined 
by any process involving oxygen injection including 
processes in which other materials such as fuels are in 
jected into the vessel. 
According to one aspect of the present invention, a 

method for controlling the final carbon content in a 
steel making process including oxygen injection, com 
prises detecting the minimum weight condition of the 
steel charge arising from oxygen injection and continu 
ing oxygen injection after this condition for a period 
enabling the injection of a quantity of oxygen which is 
selected from a previously established relationship and 
which is effective to reduce the carbon content to the 
required level from that at the minimum weight condi 
tion. 

Preferably the minimum charge weight is detected by 
monitoring the weight of the vessel in which the charge 
is held. The weight of the charged vessel conveniently 
is monitored by one or more load cells, well known in 
the art, which may be disposed either upon the vessel 
itself or more suitably are coupled to the vessel support 
structure. 

According to another aspect of the present invention 
an apparatus for controlling the carbon content by steel 
in a steel-making process involving oxygen injection 
comprises a structure for supporting the vessel in which 
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2 
the steel is to be refined together with means coupled 
to the support structure and sensitive to the weight 
changes in the molten steel charge within the vessel, 
whereby to enable the minimum weight condition of 
the charge to be detected and permit the injection after 
this condition of a selected quantity of oxygen effective 
from previously established relationship to reduce the 
carbon to the required level. 
The weight of the charged vessel conveniently is 

monitored by one or more load cells, well known in the 
art, which may be disposed either upon the vessel itself 
or more suitably coupled to the vessel support struc 
ture. In the case where the vessel is conventionally sup 
ported upon pedestals the load cells are, conveniently, 
disposed beneath the vessel support pedestals support 
ing the vessel. Alternatively the vessel may be sup 
ported on the pedestals by way of trunnions and the 
loads cells may be disposed beneath the trunnions. 
The injection of the oxygen is, ideally, performed by 

means of a lance disposed above the melt although al 
ternative methods of injection such as bottom blowing 
may be employed. 

Suitably, the oxygen injection rate is maintained con 
stant once the minimum point condition has been at 
tained by the lance height and rate of oxygen injection 
may both be varied, if desired, before the minimum 
weight point condition has been attained so that refin 
ing rate and the conditions of refining, for example, 
slag formation rate and oxidation rate may be varied. 
Such consistency of operation as has been mentioned 
assists to enable the carbon end-point content to be 
controlled with great accuracy. 
Output signals produced from the load cells, which 

are indicative of the weight of the charged vessel, are 
conveniently monitored by means of an electrical 
bridge circuit which is sensitive to output changes in 
the load cells caused by corresponding changes in the 
weight of the vessel. However alternative forms of mea 
suring load cell output may be used. 
Embodiments of the invention will be particularly de 

scribed by way of example with reference to the ac 
companying drawings in which: 
FIG. 1 is a front view of a weighing assembly accord 

ing to one embodiment of the invention; 
FIG. 2 is a side view of one of the two weighing as 

semblies necessary in a further embodiment of the in 
vention; 
FIG. 3 is a plan view of the weighing assembly as 

shown in FIG. 2; 
FIG. 4 shows the composition changes occurring in 

the steel charge during refining; 
FIG. 5 illustrates the typical weight change which oc 

curs in the converter vessel during the last half of the 
re?ning process inoxygen steelmaking. 

FIG. 6 is a typical curve showing the relationship be 
tween oxygen content injected into the converter vessel 
and the carbon end-point content obtained by this in 
jection. ' 

FIG. 1 shows a typical converter assembly compris 
ing a converter vessel 10 having trunnions ll sup 
ported in trunnion bearings 12 within a pedestal frame 
work indicated generally at 13. The vessel 10 has an 
upper opening to receive molten metal from, for exam~ 
ple, a blast furnace and, if desired, scrap iron or scrap 
steel may also be added to the molten metal charge. 
The charge is re?ned by oxygen injected from a lance 
(not shown) lowered into the upper opening and termi 
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nating short of the vessel surface in this embodiment. 
After re?ning, the molten steel is teemed into a suitable 
mould by tilting the vessel 10 about the trunnions 11. 

In one convenient arrangement of the present inven 
tion load cells 14 are disposed beneath adjacent pedes 
tals supporting the vessel 10 as shown in FIG. 1. Each 
load cell 14, consists essentially of a precision steel bil 
let to which is intimately bonded a foil strain gauge sen 
sitive to tensile or compressive load, induced by the 
weight of the vessel 10. By connecting these strips into 
an adjacent Wheatstone Bridge circuit (not shown) an 
electrical correlation can be obtained between the 
bridge output and the applied load caused by the 
weight change occurring in the converter during the re 
fining process. 
Converter pedestals 13 are right-angled for stability 

and consist of substantially vertical beams 15 and sub 
stantially horizontal beams 16 which are braced for 
added strength about inner corners 17 at which the 
beams are joined. The pedestals 13 are movable about 
pivots 18 to which the horizontal beams 16 are at 
tached at their ends and the pivots 18 are anchored to 
the stage floor 19. Two load cells 14 are placed sepa 
rately beneath each of the horizontal beams 16 of the 
converter pedestals 13 at or near the outer corners, the 
converter vessel trunnions 11 being placed into the 
trunnion bearings 12 which are located near the top of 
the vertical beams 15 of the pedestals 13. The con 
verter vessel 10, together with its charge and the pedes 
tals 13, is thus able to ?oat upon the load cells 14 to 
provide effective charge weight transfer. 

In an alternative arrangement shown in FIGS. 2 and 
3 the load cells 20 are disposed beneath trunnions 21, 
to which the converter vessel (not shown) is attached. 
In this arrangement the top section of one of the two 
converter trunnion pedestals 22 is provided with a rect 
angularly shaped closely machined slot 23 which is de 
fined by a horizontal base 24 and two vertical walls 25. 
The slot 23 is open to atmosphere and traverses pedes 
tal 22 from side wall 26 to side wall 27, the side wall 27 
being nearest to the converter vessel. Four load cells 20 
are sited in the base 24 of slot 23 and a cuboidal shaped 
trunnion holding framework or cage 28 is inserted into 
slot 23 to rest on the load cells 20. The cage 28 is of 
smaller cross-section than the distance between the 
vertical walls 25 of the slot 23 and is provided with four 
hardened precision cylindrical steel rollers 29 which 
are disposed within recesses in cage 28. Two rollers 29 
are contained within either of the sides 30 of the cage 
28 and revolve over walls 25 enabling the cage 28 to 
move vertically within slot 23. Trunnion bearing 31 is 
inserted into a cylindrical hole extending through the 
centre of opposing sides 32 of the cage 28, and encloses 
trunnion 21 supporting the converter vessel. A similar 
assembly as that described is provided at the top of the 
adjacent converter pedestal support. Signal variation 
from the load cells caused by the change in weight of 
the vessel are monitored and used to determine the 
minimum weight point. 
During oxygen refining a number of composition 

changes occur in the steel as shown in FIG. 4. Carbon 
is removed continuously throughout the re?ning blow 
leaving the converter as either carbon monoxide or car 
bon dioxide so that a resultant charge weight loss oc 
curs equivalent to the loss of carbon. Otherv elements, 
chie?y manganese, silicon and phosphorus, migrate 
from the metallic portion of the bath into the slag and 
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appear mainly as oxides. The oxidation of these ele 
ments results in a charge weight gain. However, the 
largest single contribution to any charge weight in 
crease is from the oxidation of iron into the slag, and 
it is the balance of this rate against the rate of carbon 
removal which determines the end point in the present 
invention. 
FIG. 5 shows a typical weight change occurring in the 

charge during the last half of the refining process by 
which time silicon removal into the slag is substantially 
complete. In the Figure, line AB represents the period 
when iron oxides in the slag have been reduced to a 
minimum by the chemical action of carbon contained 
in the molten bath, and are starting to increase again as 
the carbon content, which is decreasing, is not able to ' 
reduce the iron oxide. Line BC represents the further 
reduction of carbon. Line CD represents the ?nal 
stages of the re?ning process when the formation of 
iron oxide is greater than the rate of carbon removal so 
that the charge weight increases. Point C represents the 
minimum weight point which consistently occurs at a 
charge carbon level of about 0.29 percent by weight if 
a stable lance practice is followed. This point can be es 
tablished by continuously monitoring the weight of the 
charged converter vessel during re?ning but may vary 
from vessel to vessel and with different re?ning prac 
tices. 
According to the present invention the end-point car 

bon content desired can be predicted or selected by re 
ferring to a calibration curve such as that shown in FIG. 
6 in which oxygen as ordinate is plotted against carbon 
end-point as abscissa. This curve is the result of a num 
ber of experimental trials wherein differing known 
quantities of oxygen are injected in the molten charge 
after the minimum weight of the charge has been at 
tained. Once this curve is available it can be used by ex 
trapolation or interpolation to quantify the amount of 
oxygen necessary to reach the desired carbon end 
point and therefore control the carbon end-point by in 
jecting that quantity of oxygen into the charge before 
turndown. The quantity of oxygen injected into the 
charge can be determined by direct measurement of 
gas ?ow by conventional means or by controlling the 
time of ?ow given a known and constant flow rate. Al 
ternatively the quantity of oxygen injected into the 
charge can be determined by monitoring the weight of 
the charge, as previously outlined, given the known re 
lationship between the change in the weight and the 
quantity of oxygen injected. 
We claim: ’ 

1. A method for controlling the final carbon content 
of a molten steel charge which comprises: 

a. determining the relationship between the carbon 
content of the charge and the amount of oxygen in 
jected into the charge after the minimum weight 
point of the charge has been attained? 

b. injecting oxygen into the steel charge and monitor 
ing the weight of the charge during the oxygen in 
jection; and ' 

c. after the weight of the charge has reached a mini 
mum level, injecting a quantity of oxygen which is 
selected from the relationship established in (a) 
into the charge to reduce the carbon content of the 
steel to a required value from that at the minimum 
level. 

2. The method of claim 1, in which the minimum 
charge weight is detected by monitoring the weight of 
the vessel in which the charge is held. 

3. The method of claim 2, in which the weight of the 
charged vessel is monitored by one or more load cells. 

* * * * * 
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