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METALLURGICAL HEATING SYSTEM WITH 
REFRACTORY WEAR INDICIA 

BACKGROUND OF THE INVENTION 

This invention relates to method andapparatus for 
metallurgically treating metals in a refractory lined ves 
sel and providing an indication of refractory wear. 
While the invention is particularly adapted for use in 
conjunction with re?ning processes, wherein refractory 
lined vessels contain a molten charge, it is useful in any 
system wherein an indication of refractory wear is de 
sirable for safe and/or optimum operation. The inven 
tion relates to a more simple and facile technique for 
providing an indication of refractory wear than has 
been heretofore available. 
There are a number of techniques for measuring r'e 

fractory wear in‘ metallurgical furnaces. However, some 
of these techniques have certain disadvantages. 
One method in.a BOF operation involves tilting the 

vessel and using calipers to measure the increase in in 
ternal diameter of the vessel as the refractory wears. 
Such a method is not entirely satisfactory because it 
may not be accurate, i.e., more or less wear may occur 
at one side of the vessel than on the diametrically oppo 
site side; hence, one side may be worn dangerously low 
while the opposite side is worn very little and such con 
dition would not be re?ected in the measurement. Such 
technique also involves loss in production time because 
of the necessity to discontinue operation of the furnace 
when a measurement is made. 
Other techniques involve highly complex or sophisti 

cated equipment, e.g., infrared photography, furnace 
shell temperature measurement (measuring for hot 
spots), or radioactive material energy level measure 
ment. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is an object of this invention to provideindicating 
method and apparatus for indicating extent of refrac 
tory wear in a metallurgical heating system without in 
terrupting the operation of the system._' 

It is a primary object of this invention to prove more 
simple and facile method and apparatus for indicating 
when a preselected degree of refractory wear occurs. 
Brie?y, the objects are obtained by providing a nor 

mally “open” electrical circuit defined by conductor 
members disposed in the refractory lining of a metallur 
gical heat treating system, at least one of the conductor 
members has its terminus positioned in the refractory, 
away from the interior surface of the furnace, at a point 
representing that which, when refractory wears away, 
a signal is desired. In one embodiment, when the re 
fractory wears away to an extent which exposes con 
ductors to electrically conductive material being pro 
cessed in the system, some of the material bridges the 
space between the conductors and “closes” the circuit 
and thereby energizes the indicia means. In another 
embodiment, a coating which is electrically conduc 
tive, such as iron oxide, may form on the surface of the 
refractory and serve to complete an electrical circuit 
between two conductors disposed in the refractory. 

DESCRIPTION OF THE DRAWING 

The invention will be fully understood and further 
objects and advantages thereof will become apparent 
when reference is made to the following detailed de 
scription and to the accompanying drawing, in which: 

2 
- FIG. 1 is a schematic elevational view representation 

of a fragmentary portion of a heating furnace and re 
fractory wear indicia apparatus forming a part of this 
invention,"with the indicia circuit being open; 
FIG. 1A is a fragmentary portion of the view of FIG. 

1, illustrating the forming of a junction between con 
ductor member whereby the indicia circuit is ener 
gized; 
FIG. 2 is a schematic similar to FIG. I but of a melt 

ing furnace wherein a molten charge is not retained in 
e the melting vessel; and 

20 

25 

30 

FIG. 2A is a fragmentary portion of FIG. 2, illustrat 
ing the manner in which the indicia circuit is energized. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
In FIG. 1, the heating system is shown as comprising 

a vessel 10 containing a molten metal charge 12. The 
vessel. 10 is de?ned by a wall comprising a refractory 
wall section 14 and an outer metal shell section 16. 

, The refractory wear indicia apparatus, generally des 
ignated by the numeral 20, is shown as comprising a 
plurality of electrical conductor members 22 (which 
for the sake of description are additionally designated 
by separate letter suffixes), electrically energizable sig 
nal means 24, and lead wires 26 (additionally desig 

' nated by letter suffixes corresponding to the letter suf 
fixes of conductor members 22). The conductor mem 
bers 22 are electrically conductive and preferably of 
metal and of sufficient size to provide structural rigid 
ity, e.g., ‘A to 1 inch diameter probe rods. 
The conductor members 22 are disposed in the re 

fractory wall 14 and extend toward the face 14 A 
thereof which forms a portion of the interior surface of 

~ the vessel 10. The conductor members 22 and their 
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corresponding lead wires are suitably electrically insu 
lated from the shell 16. In the event the refractory be 
comprised of electrically conductive material, e.g., 

‘ ‘graphite, the conductor members 22 would also be suit 
ably electrically insulated from the refractory. 

In FIG. 1', there are shown three conductor members 
22 A, 22 B, and 22 C; however, the number of conduc 
tor members 22 may vary depending upon the degree 
of wear measurement desired. In some embodiments, 
only two conductor members will be su?icient. 
Other embodiments may require a series of conduc 

tors be positioned about the perimeter of the vessel. 
Still other embodiments may be made by disposing a 
series of conductors such that, within the series, their 
terminals are at different distances from a face of 14 A 
of a vessel 10; in such case each conductor 22, in ex~ 
cess of one, would represent a correspondingly differ 
ent level of refractory wear for which a signal is de 
sired. A pair of conductors is required for each signal 
desired; however, one conductor may form a part of 
more than one pair. 

As shown in FIG. 1, the indicia apparatus circuit is 
normally “open” because there is no junction between 
conductor members to complete a signal circuit. As the 
refractory wears away, due to erosion or other deterio 
ration, and exposes the terminals of conductors 22 A 
and 22 B, the melt 12 bridges, and forms an electrical 
junction between the conductors and thereby “closes” 
the circuit. When the circuit is closed, the indicia 
means will be energized and produce a signal. 

It should be noted that although the refractory linings 
may be considered to be generally porous, they are not 
so porous that the molten charge of the furnace will 
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flow through the refractory interstices and “short cir 
cuit” uninsulated conductor members prematurely. 
Generally, the molten charge will penetrate about 1/16 
inch or less of the refractory at any one stage. Usually, 
the molten metal will cool and solidify to form a skin 
near the exposed refractory surface. 

In FIG. 1, the charge in the furnace is symbolized as 
being wholly metallic; however, it will be understood 
that the system will also work with other electrically 
conductive materials such as certain metallic oxides, 
such as iron oxide, and the like. For example, the 
charge may include an iron oxide bearing slag. In cases 
where such slag is considered to be more erosive than 
other constituents of the charge, a series of conductor 
members may be positioned adjacent the slag line so 
that earliest penetration to the deepest extent prese 
lected for measurement will be detected and signaled. 

In FIG. 2, there is illustrated an embodiment where 
a charge of scrap metal 32 is melted in the furnace 34 
and the conductor members 22 are positioned in the 
area of greatest potential wear. In some cases where the 
?ame from the melting burner extends across the fur 
nace, the area of greatest potential wear is usually op 
posite the emitting burner. Also, in some cases, the 
molten metal may not accumulate in the furnace to a 
height sufficient for the metal to bridge and form a 
junction between the detector conductor members; 
however, generally a metallic oxide layer 30 or skin is 
continuously formed on the surface of the refractory. 
The oxide layer will be electrically conductive, particu 
larly at temperature of l0O0° F or greater. When the 
refractory wears away sufficiently to expose the pair of 
detector conductor members, the oxide layer will form 
a junction and close the circuit and thereby energize 
the signal system. 
FIG. 1 additionally illustrates the manner in which 

detector conductor members 22 may be positioned in 
the bottom wall of a treating vessel. The bottom wall 
detectors may be used in combination with or instead 
of the side wall detector members. 
What is claimed is: 
1. In combination, with a metallurgical heating sys 

tem including: 
a vessel, having a refractory lining, for containing 
material being processed; 

said refractory lining having a face forming a portion 
of the interior surface of said vessel; 
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4 
indicia apparatus circuitry for indicating when a pre 

selected extent of wear of said lining is reached 
without interrupting the operation of said system, 
which apparatus circuitry is normally electrically 
open and comprises: 
a. external indicia means for producing an velectri 

cally generated signal; 
b. a pair of conductor members disposed in said lin 

ing and electrically connected to said indicia 
means; 

c. at least one of said members extending toward, 
but short of said face, to a preselected point for 
which a signal is desired, when the refractory lin 
ing covering said one member wears and said one 
member is exposed to the interior of said vessel; 

d. said conductor members being spaced apart and 
positioned in said refractory lining and of a type 
such that when electrically conductive material 
bridges said members an electrical junction is 
formed and said indicia means is energized. 

2. The combination, as described in claim 1, wherein: 
said one conductor is positioned for exposure to the 

interior of said vessel when the maximum tolerable 
wear of the refractory lining occurs. 

3. The combination, as described in claim 1, wherein: 
said vessel is adapted to contain a molten steelmak 

ing composition and 
said conductor members are positioned in an area 
generally corresponding to the normal slag forming 
line of the vessel. 

4. The combination, as described in claim 1, wherein: 
conductor members are positioned in the bottom 

wall of said vessel 
5. The combination, as described in claim 1, wherein: 
at least three conductors are disposed in said lining 
and at least two have their terminal portions at dif 
ferent positions in respect to said interior surface. 

6. The combination, as described in claim I, wherein: 
at least a portion of said material being processed is 

electrically conductive and forms means for bridg 
ing the conductor members. 

7. The combination, as described in claim 1, wherein: 
An electrically conductive oxide is disposed on said 

refractory lining and forms means for bridging said 
conductor members. 

* * * * * 


