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ABSTRACT OF THE DISCLOSURE 
A device for measuring the oxygen content of molten 

metal in a container and including an electrolytic cell 
having a solid electrolyte and constituted by a block of 
refractory solid electrolyte material mounted in a wall 
of the container with one face of the block in contact 
with the metal, and formed with a cavity having an end 
face adjacent to but spaced from the one face of the 
block and through which an oxygen-containing reference 
gas is circulated to maintain a constant partial oxygen 
pressure in the cavity, an electrode carried by the block 
in the cavity and surrounded by the reference gas cir 
culated through the latter and having one end in contact 
with the end face of the cavity, and a conductor carried 
by the block insulated from the electrolyte and having 
an end adjacent the face of the block which is in contact 
with the molten metal and being likewise in contact with 
the latter; and means in circuit with the electrode and 
the conductor for measuring the potential difference 
between said faces of the block. 
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Background of the invention 

The present invention relates to a device for con 
tinuously measuring the oxygen content of a molten metal 
of high temperature, especially of molten steel. 

It is an object of the present invention to provide for 
a device for continuously and very exactly measuring 
the oxygen content of a molten metal. 

It is an additional object of the present invention to 
provide for a device of the aforementioned kind which 
has a very high resistance to the corrosive action of the 
liquid metal bath. 

It is a further object of the present invention to provide 
a device of the aforementioned kind which has also an 
excellent resistance against mechanical and thermal 
shocks. 

It is also an object of the present invention to provide 
for such a device which can be easily installed in a con 
tainer for molten metal. 

Summary of the invention 60 

With these objects in view, the device according to the 
present invention for measuring the oxygen content of 
a molten metal in a container mainly comprises an elec 
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trolytic cell having a solid electrolyte which is conductive 
for oxygen ions and including a block of refractory ma‘ 
terial mounted in the wall of the container with one face 
of the block in contact with the molten metal and another 
face insulated from the molten metal and being formed 
with a cavity extending from the other face into the 
block and having an end face spaced from and adjacent 
the one face of the block, an electrode disposed in the 
cavity, means for circulating an oxygen-containing gas 
through the cavity and about the electrode for main 
taining a constant partial oxygen pressure in the cavity, 
a conductor insulated from the electrolyte and having 
an end in direct contact with the molten metal, means in 
circuit with the electrode and the conductor for meas 
uring the voltage difference between said one face of said 
block and said end face of said cavity, the electrode and 
the conductor being carried by the block and the wall 
portion of the block between the face in contact with 
the molten metal and the end face of the cavity con 
stituting the solid electrolyte of the cell. 
The device may also have one or the other of the 

following characteristics in combination with those men 
tioned above. 

(a) The device may include a passage for preheating 
the gas circulated through the cavity; 

(b) The aforementioned preheating passage may be 
formed in the refractory block; 

(c) The aforementioned preheating passage may be 
formed in the refractory block and be constituted at 
least in part by a passage communicating with the cavity 
in which the electrode is located and through which the 
gas is circulated; 

(d) The aforementioned preheating passage may be 
?lled with granules of solid electrolyte; 

(e) The block of refractory material may have an 
outer surface of the form and dimensions of a pouring 
nozzle formed in the wall of the container; 

(f) The device may also include a pair of thermo 
couples respectively measuring the temperatures of the 
electrode and of the molten metal and connected in cir 
cuit with the aforementioned measuring device in order 
to correct the value obtained by the latter for the tem-. 
perature difference between the electrode and the molten 
metal. ' ‘ _, 

It is to be understood that the term “containerfus'ed 
in the speci?cation and the claims may comprise not only 
a ladle or similar container in which a bath of molten 
metal is maintained, but may also comprise a pasage or 
channel through which the molten metal'continuously 
?ows. ‘ 

The present invention basically consists in- a device 
for measuring the oxygen content of a liquid metal, 
especially of molten steel, by means of an electrolytic 
cell realized in a monolytic block of refractory material. 
The electrolyte, constituted by a material conductive 

of oxygen ions, is accordingly a block of refractory solid 
electrolyte material in which at least one cavity is formed 
and one outer face of the block is in contact with the 
molten metal. The cavity contains an electrode, connected 
with a measuring devicev for measuring the potential 
difference between the electrode and a conductor in 
sulated from the electrolyte and in direct contact with 
the molten metal. An oxygen-containing gas is circulated 
through the cavity and the partial oxygen pressure of 
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the gas is maintained constant so that the gas may serve 
as a reference gas to measure the oxygen content of the 
molten metal. 

In a preferred embodiment according to the present 
invention, the refractory block is also formed with a pre 
heating passage to preheat the reference gas. Finally, the 
device may also include known means, such as thermo 
couples, for measuring the temperature difference be 
tween the two faces of the block constituting the solid 
electrolyte, which means are connected in circuit with 
the measuring device to correct the measuring result ob 
tained. 
The monolytic block of refractory material will have a 

considerable resistance against the corrosive in?uence of 
the metal bath, especially molten steel and any slag form 
ing on the bath and, in addition, the block will also have 
an excellent resistance to mechanical and thermal shocks. 
In a preferred embodiment, the outer surface of the 

refractory block is formed in such a manner that it can 
be easily mounted in a wall of the container without re 
quiring any essential reshaping of the latter. For this 
purpose, the block may have the form and exterior di 
mensions of a casting nozzle so that the opening already 
provided in the wall of the container may be used for 
mounting the block. 

Since the electrolytic cell according to the present in 
vention is incorporated in the wall of a container in 
which a bath of molten metal of high temperature is 
maintained, it is subjected to a high temperature gradient. 
Therefore, the electromotive force indicated by the cell 
is the algebraic sum of the electromotive forces, due on 
the one hand to the di?erence in the partial oxygen pres 
sure between the two faces of the wall of the block 
forming the solid electrolyte and on the other hand due 
to the thermoelectric or Peltier effect produced by the 
difference of the temperature of the face of the elec 
trolyte which is in contact with the liquid metal and the 
end face of the cavity. The measurement of this tem 
perature difference by known means permits an exact 
correction of the electromotive force indicated by the 
measuring .device to be effected to thus obtain an exact 
measuring result indicating the oxygen content of the 
molten metal. 
The block constituting the solid electrolyte may in its 

entirety be formed from material which will conduct 
oxygen ions, for example, stabilized zirconia. In a pre~ 
ferred form of realization, the block is of frusto-conical 
shape to facilitate its mounting and its removal from the 
wall of a container when ‘such a removal will be neces 
sary due to repair of the lining of the container. 

' It is well known that the electromotive force produced 
by such a cell is indicative of the oxygen content of the 
molten metal only when the cavity of the block in which 
the electrode is located contains a reference substance 
which maintains the partial oxygen pressure in the cavity 
constant. It, is for this reason that a reference gas is 
circulated through the cavity in which the electrode is 
located and the electrode is formed by a metal of good 
chemical stability such as platinum or platinum-rhodium. 
’ In a preferred modi?cation, the cell comprises also 
a preheating passage‘for the reference gas in order to 
bring the temperature of the latter to the operating tem 
perature of the cell and the electrode; this preheating of 
the reference gas has the advantage of avoiding inop 
portune variations of the temperature of the electrode due 
to unforeseen variations in the delivery of the gas. Since 
the electric potential is a function of the temperature, the 
creation of erroneous potentials is thus avoided. 

_ ‘The conductor which. is in direct contact with the 
molten metal of high temperature, which forms the sec 
ond electrode of the cell, may be constituted for exam 
ple from soft iron or a mixture of ceramic and metal, 
especially Cr—Cr2O3. 
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4 
Themeans for measuring the temperature difference 

between the two faces of the solid electrolyte may, for 
instance, be constituted by a pair of thermocouples, one 
of which is located in the cavity and the other extends 
into the liquid metal and is protected in this case by an 
appropriate sheath. 
The aforementioned temperature difference may then 

be obtained by a simple subtraction. When the electrode 
is formed from platinum, it may also constitute part of 
the one thermocouple for measuring the temperature in 
the cavity. 
The novel features which are considered as characteris 

tic for the invention are set forth in particular in the 
appended claims. The invention itself, however, both as 
to its construction and its method of operation, together 
with additional objects and advantages thereof, will be 
best understood from the following descriptions of spe 
ci?c embodiments when read in connection with the ac 
companying drawing. 

Brief description of the drawing 

FIG. 1 is a schematic sectional view of one modi? 
cation of the device according to the present invention in 
which the essential measuring elements of the device are 
supported in a removable block; and 
FIG. 2 is a schematic sectional view of another modi 

?cation in which the block is formed with a passage for 
preheating the gas circulated through the cavity. 

Description of the preferred embodiments 
Referring now to the drawings, and more speci?cally 

to FIG. 1 of the same in which one embodiment of the 
device according to the present invention is illustrated, 
it will be seen that the device includes a removably 
mounted block of zirconia 24 serving as a solid electro 
lyte of an electrolytic cell and also to carry the essential 
elements for measuring the oxygen content of the molten 
metal, for instance steel 23. The molten steel is main 
tained in a ladle or container of which only a portion 
of its wall 25 is illustrated in FIG. 1. 
The monolytic block 24 is preferably of frusto 

conical shape to facilitate mounting of the block in a 
removable manner in an opening of the wall 25 so that 
the inner face 24' of the block is in contact with the 
molten metal 23 maintained in the container. The block 
24 is formed with a cavity 26 extending from the outer 
face of the block into the latter, and having an inner 
end face 32 adjacent but spaced from the face 24' of 
the block which is in contact with the molten metal. A 
tube 27 of alumina extends into the cavity and the tube 
27 is connected at its outer end by a conduit 28 to a 
supply of oxygen under pressure, not shown in the draw 
ing. The remainder of the cavity 26, that is the space 
between the outer surface of the tube 27 and the inner 
surface de?ning the cavity, is ?lled with a powder of 
porous zirconia 29 which permits evacuation of the oxy 
gen which serves as a reference gas and fed into the 
cavity through the tube 27. A platinum electrode 30 
extending through the tube 27 is continued in the cavity 
by a wire 31 of the same material applied against the 
end face 32 of the cavity, and the outer end of the elec 
trode 30 is connected to one end 33 of a resistance 34 
of a value r. The inner end of the electrode is soldered 
at 35 to a wire 36 of a platinum-rhodium alloy contain 
ing 10% rhodium. The electrode 30 and the wire 36 
thus form a thermocouple which permits measurement 
of the temperature in the interior of the cavity 26 or 
more exactly the temperature at the inner face of the solid 
electrolyte constituted by the block 24. 
The upper portion of the block 24 is formed with an 

opening into which a tube 37 of alumina is cemented, 
which electrically insulates the block from a sheath of 
ceramic metal 38 (Cr2O3~—Cr) which functions as con 
ductor. A second sheathv 39 of alumina is placed in the 
interior of the sheath 38 insulating the conductive sheath 
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38 from a thermocouple located in the interior of the 
sheath 39 and composed of a platinum wire 40 and a 
wire 41 of a platinum-rhodium alloy containing 10% 
rhodium and soldered at 42 to the wire 40. This thermo 
couple permits the measurement of the temperature of 
the molten metal 23, that is the temperature of the face 
24' of the electrolyte 24. 
The conductor 38 is connected at its outer end to the 

end 43 of a resistor 44 having a resistance R. The platinum 
wire 40 is directly connected to a voltmeter 45, whereas 
the platinum-rhodium wire 41 is connected to the platinum 
wire 36 located in the tube 27 and forming a thermo 
couple with the platinum electrode 30. The end 46 of 
the resistance 34 opposite the end 33 thereof is connected 
to the end of the resistance 44 opposite to the end 43 
and further connected to the voltmeter 45. The ratio 
of the values of the resistances R/r is in the described 
embodiment, in which the solid electrolyte is formed by 
zirconia and the thermocouples are formed by a platinum 
wire connected to a platinum-rhodium wire with 10% 
rhodium, equal to 38.45, and the sum of the resistances 
R+r is in the order of megohms so that the cell will 
deliver only a small current. 

In the arrangement as shown in the wiring diagram 
of FIG. 1, it results from the arrangement and from 
the value given to the resistances R and r that the total 
electromotive force of the cell, that is the electromotive 
force due to the Peltier e?’ect and to the potential dif 
ference due to the difference of the partial oxygen pres 
sure at the two faces of the electrolyte, will be divided 
by 39.45, from which value the difference in millivolts 
of the signals obtained by the thermocouples is sub 
tracted so that the electromotive force at the terminals 
of the voltmeter will be the potential difference due only 
to the difference of the partial oxygen pressure between 
the two faces of the solid electrolyte. In other words, by 
dividing the total electromotive force by the factor 39.45, 
millivolts coming from the thermocouple are obtained, 
and by subtracting the electromotive force arising directly 
from the temperature difference between the two faces 
of the electrolyte and measured by the two thermo 
couples, an electromotive force in millivolts is obtained 
which is directly proportional to the potential difference 
solely due to the difference in the partial oxygen pressure 
between the two faces of the solid electrolyte. Since this 
potential ditference is proportional to the Naperian loga 
rithms of the concentration of oxygen in the molten 
metal, the voltmeters 45 can be graduated in such a 
manner that this value can be directly read on the scale 
of the voltmeter. 
The following will explain further how the above 

result is obtained: 
It is known (see Archiv fiir das Eisenhiitternwesen 

1965, vol. 36, No. 9, p. 643) that the thermoelectric 
effect or Peltier effect of a union of stabilized zirconia 
platinum is equal to 0.47 mv./ ° C. (millivolts per degree 
centigrade). Therefore, when the dilference between the 
temperature TIn of the molten metal and the temperature 
Tb of the block is AT =Tm—Tb, the Peltier effect will be 
equal to V=0.47AT. ~ 
The described cell comprises an electrolyte of zir 

conia, a ?rst electrode about which the reference gas, i.e., 
air, circulates and which has a temperature of less than 
1,500° C., and a second electrode constituted by the 
molten metal which has a temperature in the order of 
1,600° C. and a partial oxygen pressure which is a func 
tion of the activity of the oxygen contained in the molten 
metal. 

In this case, the greater oxygen pressure and the lower 
temperature will occur in the cavity. The potential dif 
ference Eb between the electrode 30 and the metal 23 
is equal to the electromotive force E due to the dilference 
of the partial oxygen pressure between the two faces of 
the electrolyte plus the electromotive force V due to 
the Peltier eifect: Eb=E+V. In order to obtain the 
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6 
value B, it is necessary to measure the potential difference 
Eb between the electrode aed the metal and to subtract 
therefrom the value V obtained by measuring the tem 
peratures Tb and Tm. One obains therefore: 

The value E permits calculation of the partial oxygen 
pressure of the molten metal and deduction therefrom, 
according to the well known law of Nernst, the oxygen 
content of the molten metal. 

In the described example an arrangement is used which 
permits us to directly obtain the electromotive force E by 
correcting the output value Eb in accordance with the 
temperature difference between the two faces of the elec 
trolyte. 
The two thermocouples 30, 36 and 40, 41 connected in 

circuit as shown in FIG. 1 permit us to obtain a signal 
Ae which is proportional to the temperature difference 
AT. In thermocouples formed by a platinum wire and 
a platinum-rhodium wire containing 10% rhodium the 
relation between AT and Ae is as follows: 

By replacing the above value for AT in the Equation I 
the following equation is obtained: 

0.047 E—Eb_OTjA€—Eb-—39.45A6 
which equation may also be written: 

E _ Eb 
39.45-39.45 A6 

The division of the output value Eb by 39.45 is obtained 
by means of the two resistances 44 of the value R and 
34 of the value r in which the ratio 

In FIG. 1 the potential difference between the point 33 
and the right terminal of the voltmeter 45 is Ae (the 
thermocouples are connected in opposition) and the 
potential ditference between the two terminals is 

Since E is proportional to the Napierian logarithms 
of the concentration of the oxygen in the molten metal, 
the oxygen content of the molten metal can be directly 
read on an appropriate scale provided on the voltmeter. 

In the embodiment shown in FIG. 2, the element 50 
is constituted by a block of solid electrolyte 51, for 
example, zirconia stabilized with lime, in which two 
cavities 52 and 53 are formed which are connected with 
each other by a passage 54. The depth of the cavities 
52 and 53 and the position of the passage 54 in the block 
determine the thickness of the active wall 55 of solid elec 
trolyte which is in contact with the metal bath 56. In the 
present embodiment, the cavities and the passage are ar 
ranged to obtain a uniform thickness of the aforemen 
tioned wall of about 15 mm. 
The cavity 52 is prolonged towards its rear by a tube 

57 permitting the introduction of a reference gas, that 
is a gas containing oxygen, into the cavity and the cavity 
53 is likewise prolonged towards its rear by a tube 58 
which receives an electrode 59 the inner end of which is 
connected to a wire 59' in contact with the active wall 
portion 55 of the block. The electrode 59 and the wire 
59' may for instance be formed from platinum and the 
inner end of the electrode 59 is again soldered to a 
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wire 66 for instance formed from a platinum-rhodium 
alloy and forming with the electrode 59 a thermocouple. 
The cavities 52 and 53, as well as passage 54 extending 

between the inner ends of these cavities, are ?lled with 
solid electrolyte granules 60 having a diameter in the 
order of 1 mm. 

Air used as a reference gas is introduced under pres 
sure into the tube 57 and passes through the cavity 52 
and the passage 54 into the cavity 53 in which it flows 
about the electrode 59 and the air escapes then to the 
outer atmosphere through the tube 58. 

In this way, the cold air supplied is heated due to con~ 
tact with the walls of the cavities formed in the block 
and with the granules 60 ?lling the cavities so that the 
heated air will arrive at a constant temperature at the 
electrode 59. 
The block 50 has preferably a frusto-conical shape and 

the dimensions thereof preferably correspond to those 
of a seat of alumina 61 ?xed in the wall 62 of the con~ 
tainer containing molten metal 56 and serving to usually 
receive a casting nozzle. The block 50‘ is maintained in 
place by a seal 63 of alumina cement. 

In view of the corresponding shapes of the block 50 
and the seat 61, the replacement of the block can be 
carried out in a simple and expedient manner, for instance 
during two casting periods, since the block can be placed 
in its seat and sealed therein from the outside of the 
container. 
The electrode 59, preferably made of platinum, pref 

erably forms one branch of a thermocouple introduced 
into the cavity 53, as described in connection with the 
electrode 30 shown in FIG. 1, that is, the inner end of 
the electrode 59 is soldered to a wire 59’ preferably of 
the same material as the electrode and abutting against 
the inner end face of the cavity 53 as well as to a wire 
66, preferably of an alloy of platinum and rhodium con 
taining 10% of rhodium and forming with the electrode 
59 a thermocouple for measuring the temperature at the 
inner end face of the cavity. 
The second pole 64 of the cell may be formed by 

an iron rod or a rod of Cermet, a mixture of chrome 
oxide and chrome, extending through a bore in the block 
50 so that its inner extremity is in contact with the molten 
metal 56 in the container. The rod 64 is sealed in the 
bore of the block and electrically insulated therefrom by 
a tube 67 of insulating material, for instance alumina. 
The block carries further a second thermocouple 65 
located properly sealed in another bore through the block 
and extending with its inner extremity into the molten 
metal 56 adjacent to the inner face of the block so as 
to sense the temperature of the molten metal adjacent to 
this face. The two wires 65’ and 65" of the thermo 
couple 65 are insulated from the block by a thin sheath 
of insulating material, for instance alumina, as described 
in connection with FIG. 1. The wire 66 of the ?rst 
thermocouple is connected in series with the wire 65" 
of the second thermocouple whereas the wire 65’ of the 
second thermocouple is connected to one terminal of a 
voltmeter, and the electrode 59 as well as the conductor 
64 are again connected over resistances 34 and 44 to the 
other terminal of the voltmeter as shown in the wiring 
diagram of FIG. 1. 

It is to be understood that the various elements as 
described with reference to FIG. 1 may also be adapted 
to be used in a cell having a preheating passage for the 
reference gas. 
The types of cells described have various advantages. 
First of all, the assembly of elements permitting the 

measurement of oxygen content of a molten metal is 
carried by a single member which is a monolytic block. 
A further advantage is that this block is stationarily 

mounted in an opening of the container wall and can be 
removed very easily without requiring relining of the con 
tainer containing the molten metal. 
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8 
A further advantage is that by means of the disclosed 

device, it is possible to continuously measure the tempera 
ture difference between the two faces of the electrolyte. 
An additional advantage resides in the fact that the 

connection of the various elements carried by the block 
to the measuring device is extremely simple, and that 
the arrangement permits the direct measurement of the 
electromotive force produced by the difference of the tem 
perature between the two faces of the electrolyte and its 
direct substraction from the electromotive force produced 
by the potential difference at the two faces of the elec 
trolyte. 
The device according to the present invention has been 

successfully used in installations for the continued re?ne 
ment of molten metal. As all the measuring elements are 
mounted in only one removable block, the operations 
for setting and discarding the device are considerably 
simpli?ed. 

It will be understood that each of the elements de 
scribed above, or two or more together, may also ?nd 
a useful application in other types of devices for meas 
uring the oxygen content of molten metals differing from 
the types described above. 

While the invention has been illustrated and described 
as embodied in a device for measuring the oxygen con 
tent of a molten metal including a cell of solid electrolyte 
formed by a monolytic block of refractory material one 
face of which is in contact with the molten metal, it is 
not intended to be limited to the details shown, since 
various modi?cations and structural changes may be 
made without departing in any way from the spirit of the 
present invention. 
What is claimed as new and desired to be protected by 

Letters Patent is set forth in the appended claims. 
1. A device for measuring the oxygen content of 

molten metal in a container comprising, in combination, 
a block of refractory solid electrolyte material removably 
mounted in a wall of the container with one face of said 
block in contact with the metal in the container and being 
formed with a cavity having an end face adjacent but 
spaced from said one face of the block and out of contact 
with the metal; means communicating with the cavity for 
circulating an oxygen-containing reference gas there 
through for maintaining in the cavity a constant partial 
oxygen pressure; an electrode carried by said block in said 
cavity surrounded by the reference gas circulated through 
the cavity and having an end in contact with said end 
face; a conductor carried by said block insulated from 
said electrolyte and having an end adjacent said one face 
in direct contact with said molten metal, said block to 
gether with said electrode around which the reference gas 
is circulated and said conductor forming an electrolytic 
cell with a solid electrolyte formed by the wall portion 
of the block between said faces, one of which is in contact 
with the molten metal and the other with the reference 
gas; and means in circuit with said electrode and with said 
conductor for measuring the potential difference between 
said faces of said block. 

2. A device as de?ned in Claim 1, and including means 
for preheating the reference gas. 

3. A device as de?ned in claim 2, wherein said means 
for preheating the reference gas is in the form of a pas 
sage in said block communicating with said cavity. 

4. A device as de?ned in claim 3, wherein said preheat 
ing passage is ?lled with granules of solid electrolyte. 

5. A device as de?ned in claim 3, wherein said pre 
heating passage and said cavity are ?lled with granules 
of solid electrolyte. 

6. A device as de?ned in claim 1, wherein said conduc 
tor extends through a bore in said block and including 
insulating means surrounding the portion of said conduc 
tor in said bore for electrically insulating said conductor 
from said block and for sealing said conductor in said 
bore. 
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7. A device as de?ned in claim 1, wherein said block 
is of frusto-conical shape and mounted in an opening of 
the wall of the container of corresponding con?guration 
and adapted to serve as a casting nozzle. 

8. A device as de?ned in claim 1, wherein caid block 
is formed from zirconia. 

9. A device as de?ned in claim 8, wherein said elec— 
trode is formed from platinum. 

10. A device as de?ned in claim 9, wherein said con 
ductor is formed from Cermet. 

11. A device as de?ned in claim 9, wherein said con 
ductor is formed from iron. 

12. A device as de?ned in claim 1, and including a 
pair of thermocouples carried by said block, one arranged 
to measure the temperature at said end face of said cavity 15 
and the other arranged to measure the temperature of the 

10 
molten metal in the region of the face of the block in con 
tact with the metal, said pair of thermocouples being con 
nected in circuit with said electrode and said conductor to 
said measuring means. 

References Cited 

UNITED STATES PATENTS 

3,078,412 2/1963 Blake ____________ __ 324—64 

3,147,433 9/1964 Claussen __________ __ 324-71 

10 3,317,822 5/1967 Watson ___________ __ 324_32 

EDWARD E. KUBASIEWICZ, Primary Examiner 

US. Cl. X.R. 

73-—26; 324-29; 204—-l95 


