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[57] ABSTRACT 

The oxygen concentration in a metal melt, such as a 
steel melt, is determined by comparing the melting 
point temperature of a sample taken from the melt 
with the melting point temperature of the same metal 
but without any free oxygen, other impurities being 
taken into account. The difference is related to the ox 
ygen concentration. This is preferably done by taking 

23/230 PC’ 253 PC two samples from the melt, ?xing the free oxygen in 
. one of them by a reducing agent and determining the 
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PROCESS AND DEVICE FOR DETERMINING THE 
OXYGEN CONCENTRATION IN METAL MEL'IS. 

BACKGROUND c 
This invention relates generally to a process for 

determining the oxygen concentration in metal melts, 
and particularly steel melts. Metal melts are usually at 
temperatures above 1,500°C and consequently, in the 
past, the samples for analysis ?rst of all have had to be 
cooled down to room temperature before the analysis 
could be done. 

In one known method a sample, for example a steel 
sample, is removed from the melt by dipping. a sampling 
spoon into the melt. The sample which has been 
withdrawn in this way is rapidly cooled to room tem 
perature, after which the surface layers, containing ox 
ides and impurities, are cut away on av lathe. The 
resultant cooled and cleaned sample is then melted 
again in a carbon boat under vacuum in a hot gas ex 
traction apparatus at 1,600° to 1,800° C. The oxygen 
escapes in the form of carbon monoxide mixed with 
nitrogen and hydrogen, and the gas mixture is fed to a 
gas analysis apparatus and the oxygen content. deter 
mined. Alternatively the carbon monoxide content in 
the gas mixture can be determined by gas chromatog 
raphy. As a still further alternative, the carbon monox 
ide can be oxidized with oxygen to carbon dioxide on a 
platinum wire. The carbon dioxide is passed through a 
solution of potassium hydroxide in a gas analysis ap 
paratus and the oxygen content determined volumetri 
cally. 

Alternatively the analysis can, if desired, be per 
formed without using a hot extraction apparatus 
(vacuum extraction). The sample is heated in a carbon 
boat and the carbon monoxide escaping is carried away 
in a current of argon. The mixed gases are passed over 
palladium asbestos. The carbon monoxide is oxidized 
to carbon dioxide, which is absorbed in a solution con 
taining barium perchlorate and a little barium hydrox 
ide. Barium carbonate is formed and the barium 
hydroxide consumed is replaced electrolytically from 
the barium perchlorate in the solution. The oxygen 
content is calculated from the quantity of electric cur-_ 
rent consumed in the electrolytic process. 
These known methods of analysis consume a con 

siderable amount of time. The sample has to be ex 
tracted from the melt, mechanically prepared and the 
gases extracted by hot extraction. The expensive hot 
extraction apparatus ‘is usually located in a laboratory 
at some distance from the furnace containing the melt. 
A further disadvantage of this method is that gases 
escape during the cooling of the sample to room tem 
perature and these are not measured. Attempts have 
been made to remove this latter disadvantage by using, 
for extracting the sample from the melt, an evacuated 
quartz ampoule one end of which is closed by a melta 
ble plug. When the ampoule is immersed in the melt the 
plug melts and a sample of the metal melt is sucked into 

' the ampoule. This method 'doescapture the gases 
released from the sample during cooling, but the quartz 
ampoules or small tubes are easily damaged. Moreover 
they only retain their vacuum for a short time and soon 
become useless if stored for any length of time. A 
further disadvantage of this method is that two analysis 
are required, one on the gases released during cooling 
and a second analysis on the solid cooled sample. 
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Finally, all the known methods for determining the 

oxygen content of a ' metal melt involve lost time 
between the taking of the sample and the presentation 
of the analytical, results, and consequently the results 
arrive too late for readjusting the re?ning process being 
carried out on the melt. 

SUMMARY 

' The present invention relates generally to a method 
and apparatus for determining the concentration of ox 
ygen in metal melts such as steel melts. More particu 
larly it relates to‘ a new and useful method and ap 
paratus by which this determinationcan be carried out 
quickly and at the place of the‘ melt. I 

It is thus a general object of the present invention to 
provide a new and useful method for determining the 
oxygen concentration in a melt which is rapid- enough 
to provide within a- few seconds analytical results which 
can be used for controlling the re?ning of the melt. The 
solution to this problem is based on recognition of the 
fact that the melting point of a pure metal is lowered by 
the presence of impurities, for example the dissolved 
oxygen. The lowering of the melting point depends on 
the natures and concentrations of the impurities, in 
cluding the concentration of oxygen. The oxygen con 
centration in a melt can therefore, in principle, be cal 

, culated from the lowering of the melting point. 
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It is thus a further object of invention'to provide for 
the measuring of the melting point temperature of a 
sample of the metal melt containing free oxygen and 
for the comparison of this-temperature with the melting 
point of said metal containing no oxygen. 
A still further object of the invention is to provide a 

method and apparatus for measuring the melting point 
temperatures of two samples taken from the metal melt 
containing free oxygen, one of the samples having had 
its free oxygen ?xed by the use of a reducing agent. The 
lowering of the melting point of said metal due to ‘the 
presence of oxygen is calculated as the di?erence 
between the two melting - points. Finally the oxygen 
concentration in the melt is read o?‘ from a calibration 
curve plotting oxygen concentration against tempera 
turedi?‘erence. ' ~ ‘ ' ' 

7 An excess of the reducing agent added to the second 
sample is preferably used, to ensure that all the oxygen 
is e?‘ectively ?xed or stabilized.‘ ln-the case of a steel 
melt, a particularly‘ suitable reducer is aluminum, 
because aluminum'oxide has a particularly high free 
reaction enthalpy, and the excess of aluminum required 
to stabilize the oxygen concentrations encountered in 
practice in steelmelts has only va negligible in?uence on 
the melting point of the steel, a 'fact which can be 
derived from the phase diagrams for iron and alu 

l-loweve'r, to obtain precise results there should 
not be too great an excess of aluminum. For other 
metal melts, different reducing substances should be 
used, in each case the reducing agent having little, if 
any, in?uence on the melting point of the metal. In all 
cases the amount of reducing agent used should be only 
slightly in excess of the stoichiometric quantity. 

. An alternative method in accordance with the inven 
tion assumes that the speci?c lowering of the melting 
point temperature corresponding to the concentration, 
produced by each of the impurities in the metal, apart 
from the oxygen, is known. On this basis the total 
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lowering of the melting point of the metal produced by 
all the impurities, other than oxygen, can be calculated 
once the impurities have been analyzed and quan 
titized. Any, further lowering of the melting point must 
be due to the concentration of oxygen. The melting 
point temperature of a sample of melt is therefore'mea 
sured and this substracted from the known melting 
point temperature of the metal in its pure form. From 
this value the calculated lowering due to the impurities 
other than oxygen is then substracted and the dif 
ference is the lowering of the melting point produced 
by the oxygen content. The oxygen concentration in 
the melt can then be calculated using a known propor 
tionality factor, or can be read off from the above men 
tioned calibration curve. However, this method -as 
sumes that a precise analysis has previously been made 
showing the concentrations of all the impurities other 
than oxygen in the melt. The preferred method is there 
fore the ?rst of the above alternatives, in which two 
samples of the melt are taken, and the oxygen concen 
tration is obtained from the difference between the 
melting points of an untreated sample and a sample in 
which the oxygen has been ?xed by a reducing agent. 
Yet another object of the invention therefore is to 

provide for use in the preferred method a sampling 
lance having a pair of pans or receptacles at its lower 
end for withdrawing the two samples from the melt, 
each pan being equipped with a thermocouple element 
which is sensitive to temperature. Electric leads and 
compensation leads of the thermocouples are 
preferably led through a drilling passing upwards 
through the lance to means for determining the tem 
peratures sensed by the thermocouples. Preferably this 
is connected to a temperature difference computer, 
which can itself be followed, if desired, by an indicating 
device which may indicate directly the oxygen concen 
tration in the melt. 

These, together with other objects and advantages of 
the invention, will become apparent as the invention 
becomes better understood from the following descrip 
tion and the accompanying drawings. 

DRAWINGS 

FIG. 1 is a graph plotting the oxygen concentration 
in a steel melt as a function of the difference between 
the melting points of reduced and unreduced samples 
from the melt in ° C (on the abscissa); 

FIG. 2 is a diagrammatic picture of a concentration 
measuring apparatus; and, 

FIG. 3 is a modi?cation of this apparatus. 

DESCRIPTION 

The method of analysis of the-present invention can 
be applied in practice, for example, to a steel melt as 
follows. A sample isv withdrawn from the melt by means 
of a sampling device and its melting point is measured 
by observing the hesitation point on the cooling tem 
perature curve, using a thermocouple and a tempera 
ture recorder. At the same time, or .just afterwards a 
reference sample is taken from the melt and killed, i.e. 
its free oxygen is ?xed or stabilized, for example by ad 
ding 0.2 percent of aluminum. The melting-point of the 
reference sample is also measured. - The difference 
between the two melting points‘is calculated and the 
oxygen concentration in the- melt is read off from the 
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4 
calibration curve shown in FIG. I. This method was 
used to make the following test. 'Using a sampling 
device, or sampling spoon, samples were taken from ' 
four di?‘erent steel melts in an ID crucible. In each 
case the two samples were taken from the melt and 
poured into two testing pans, one of the samples being 
killed and the other'remaining unkilled. The melting 
points were measured and the di?‘erence between them 
calculated. The oxygen concentration in the melt was 
in each case calculated from the melting point dif 
ference, using the curve represented in FIG. 1.' The 
results obtained were then compared with the oxygen 
concentrations determined for the same fourv melts by 
the known hot extraction method. The following table 
shows the results. 

Melt 1 Melt 2 Melt 3 Melt 4 

killed sample - 1532.6 1533.0 1532.0 1530.1 
(melting pt. in °C)’ . ' 
unkilled sample ' l528.2 l524.5 1525.6 1526.3 
(melting pt. in °C) 
difference (°C) 4.4 8.5 _ 6.4 3.8 
% 0, from 0.062 0.123 0.094 0.055 
diagram. ' ' 

%0,by hot 0.065 0.ll7 0.095 0.056 
extraction. 

Comparing the oxygen concentrations derived from ' 
the curve shown in FIG. 1 with those obtained by the 
hot extraction method, it will be seen that the dif 
ference is not more than 5 percent, and it is of course 
an open question which of the two methods is the more 
accurate. 
A simpli?cation is obtained by dipping two sampling 

spoons into the melt together, instead of taking the two 
samples separately. FIG. 2 shows a device according to 
the invention which can be used for this purpose. The 
device consists of a sampling lance 4 whose lower end 
is adapted for dipping into a metal melt and is provided 
with two sampling pans 5, 6 mounted next to each 
other. Each sampling pan contains a thermocouple ele 
ment 7, 8 whose leads are led up through a central 
drilling 9 in the lance 4 to a connection block 10, in 
which the thermocouple leads are connected over con 
tacts 12, 13 to cables whose other ends are connected 
to a temperature determining and recording device 14, 
which is itself connected to a difference computer 14, 
which is followed by an indicator l6 calibrated to show 
oxygen concentrations directly. 

Before making the test a piece of a reducing agent 17 
is introduced into one of the measuring pans 6, the 
quantity of reducing agent being suf?cient to ensure 
complete reduction of the free oxygen in the sample 
entering this pan. The sampling lance 4 is then dipped 
into the melt, so that both the measuring pans 5, 6 are 
?lled at the same time. The quantity of oxygen in the ' 
melt running into the measuring pan 6 is immediately 
captured by the reducing agent already present in this 
pan. The sampling lance is then withdrawn from the 
melt and the two samples are allowed to cool. During 
the cooling the temperature of each sample decreases 
continuously down to the melting point, or freezing 
point of the sample. At this point the falling tempera 
ture curves of the two samples as measured by the 
device 14 hesitate indicating that the melting points 
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have been reached. The two melting points, or hesita 
tion points are transmitted to the difference computer 
15, which calculates the difference between them. This 
difference is transmitted to the indicating instrument 
16, which is calibrated on the basis of the diagram 
shown in FIG. 1, so that it directly indicates the oxygen 
concentration in the melt. . 

If desired the measuring pans can be mounted one 
above the other as represented in FIG. 3. The method 
according to the invention for determining the oxygen 
concentrations of a melt, used in conjunction with the 
device represented in the drawings is capable of 
delivering the desired analytical result in a period of 
time short enough to allow the result to be used in con 
trolling the process. An important point to observe is 
that the oxygen concentration is measured directly at 
the furnace or crucible containing the melt. A sample 
can therefore be taken just before tapping the furnace, 
allowing the quantity of reducing agents which need to 
be added to be calculated exactly. This makes it possi 
ble to dose the reducing agents precisely‘to suit the 
precise oxygen concentration in the melt, so that there 
is obtained a ?nal product of higher purity and better 
quality, which shows an analysis more precisely in 
agreement with the speci?ed analysis. 

In the other variation of the process according to the 
invention only a single sample need be tested. The sam 
ple is taken from the melt and its melting point mea 
sured in the unkilled state. The lowering of the melting 
point from that of the metal in its pure state due to ox 
ygen is then calculated, making allowance for the in 
?uence of the other impurities, whose concentrations 
have previously been determined by the customary 
analysis in a laboratory. Using this method a test was 
made on a steel melt containing 0.05 percent carbon, 
0.20 percent manganese, 0.020 percent phosphorous 
and 0.015 percent sulphur. The melting point of an un 
killed sample was measured and found to be l,528° C. 
The steel analysis showed the above concentrations of 
non-iron substances besides oxygen in the melt and the 
table shows the amounts by which each of these quanti 
ties reduces the melting point of steel from its value in 
the pure form. 

0.05 percent carbon 3. 1° C 
0.20 percent manganese 0.8° C 
0.020 percent phosphorous 0.6° C 
0.015 percent sulphur 0.4° C . 
The total melting point lowering produced by these 

substances in the steel is therefore 4.9° C, and this is 
added to the measured melting point of l,528° C to 
compensate for the in?uence of these substances. On 
the basis of a melting point of l,536° C for pure iron, 
that is to say oxygen free iron, the melting point lower 
ing produced by the oxygen in the melt is therefore: 

1,536°C—( 1,528°C+4.9° C)=3.l° C. 
On the basis of the curve shown in FIG. 1 this tem 

perature difference of 3.1° C corresponds to an oxygen 
concentration of approximately 0.042 percent oxygen 
in the sample. In addition to the above substances in 
the melt any other substances present must also be al 
lowed for although elements present only in traces may 
be neglected. 
Both the methods described above can be used for 

rapidly determining the oxygen concentration in a 
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6 
melt, although the second method assumes that a 
precise analysis of the melt has previously been made. 

It is now deemed obvious that there has been pro 
vided a method and apparatus for determining the ox 
ygen concentration in metal melts. The invention, in its 
broader aspects, is not limited to the speci?c steps and 
apparatus shown and described, but departures may be 
made therefrom within the scope of the accompanying 
claims without departing from the principles of the in 
vention and without sacri?cing its chief advantages. . 
What is claimed is: , . 

1. A process for determining the oxygen concentra 
tion in metal melts comprising the steps of taking a ?rst 
sample from said metal melt containing free oxygen, 
determining the melting point temperature of said sam 
ple, taking a second sample from said metal melt con 
taining free oxygen, adding to said second sample -a 
reducing agent which has little effect, if any, on the 
melting point of said metal to ?x said free oxygen in 
said second sample, thereby to provide said metal con 
taining no free oxygen, and determining the melting 
point temperature. of said treated second sample, the 
difference between the melting point temperatures of 
said ?rst and second samples being directly related to 
the oxygen concentration in said metal melt. 

2. A process as set forth in claim 1, wherein a slight 
excess of said reducing agent is used over the amount 
which is necessary to ?x the free oxygen in said second 
sample. ' 

3. A process as set forth in claim 1, wherein said 
metal melt is steel and said reducing agent used is alu 
minum. ' ' ‘ ' 

4. A process as set forth in claim 1, including the step 
of analyzing and determining the quantities of impuri 
ties other than oxygen in said metal melt to obtain the 
amount by which said impurities reduce the melting 
point temperature of said metal, and wherein said melt 
ing point temperature of said sample is compared with 
the melting point temperature of said metal in its pure 
state minus the decrease in temperature due to said im 
purities, the difference between said two melting point ' 
temperatures being directly related to said oxygen con 
centration in said metal melt. 

5. A device for determining the oxygen concentra 
tion in metal melts comprising a sampling lance having 
an upper end, and a lower end adapted for dipping into . 
a metal melt, a pair of measuring pans mounted on said 
lower end of said sampling lance, said pans being 
adapted to receive samples from the metal melts, one 
of said pans containing reducing means for its metal 
melt sample, a pair of thermocouple measuring ele 
ments located one in each of said measuring pans, con 
ductors from said thermocouple elements leading to 
said upper end of said sampling lance, means for deter 
mining the temperatures measured by said thermocou 
ple elements, and means connecting said conductors to 
said temperature determining means. I 

6. A device as set forth in claim 5, wherein said sam 
pling lance is provided with a longitudinal drilling ex 
tending between said upper and lower ends and said 
conductors pass through said drilling. 

7. A device as set forth in claim 5, further including 
means for computing the difference between the tem 
peratures measured by said thermocouple elements 
and said temperature determining means, said comput 
ing means having an indicator. device. 

it * * * * 


