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3,394,511 
REFRACTORY CONSTRUCTION 

Bernard D. McKenna, San Jose, Calif., assignor to Kaiser 
Aluminum & Chemical Corporation, Oakland, Calif., 
a corporation of Delaware 

Filed Nov. 27, 1964, Ser. No. 414,315 
11. Claims. (Cl. 52-232) 

This invention concerns refractories and refractory 
construction. 

It has long been known that refractory materials used 
in the construction of furnaces and other high tempera 
ture devices expand upon being heated and various means 
have been devised to allow for such expansion. For ex 
ample, it is known to leave spaces between the refractory 
shapes during construction of a furnace, the refractories 
expanding into and filling these spaces when they are 
heated. It is also known to place combustible materials 
such as wood or cardboard or compressible materials 
such as asbestos in joints between refractory units of a 
furnace wall, the combustible material burning upon 
heating of the furnace and providing room for expansion 
of the refractories or the compressible material being 
compressed by the expanding refractories. 
However, such prior art methods of allowing for the 

expansion of refractories have had shortcomings, mainly 
due to the fact that the refractories in a furnace wall, 
for example, are not uniformly heated throughout and 
that, accordingly, the amount of expansion varies at dif 
ferent points within the wall. 
For example, in the construction of an electric furnace 

wall, it is known to place combustible strips of uniform 
thickness between the refractory shapes making up the 
furnace wall. Upon heating up of the furnace these com 
bustible strips, cardboard for example, are burned out 
and the heated refractories can expand into the space 
provided. However, upon cooling down again of the 
electric furnace, the refractories contract, become loose, 
and tend to become dislodged from their position in the 
wall. This problem is particularly acute in the case of 
electric furnaces, many of which are tipped or tilted to 
pour out the metal melted within them. Thus, any loosen 
ing of the brick work in the electric furnace wall can lead 
to total collapse of the furnace lining, a clearly undesir 
able situation. 
To overcome this disadvantage of combustible expan 

sion allowance joints, it has been known to construct elec 
tric furnace walls with no expansion joint allowance, 
However, when such a furnace wall is heated up, the re 
fractories are subjected to large compressive stresses due 
to the restraint on the thermal expansion of the re 
fractories. Since such thermal expansion is greatest at 
the point where the refractories are hottest and since, in 
most cases, the strength of refractories fall off with in 
creasing temperature, it can be seen that these stresses 
are generated in those portions of the refractory which 
are least fitted to withstand them. Since above about 
1600° C. most refractories will relieve themselves of 
stress by creep or slow deformation, the most destructive 
stresses generally occur about one inch back of the hot 
face in, for example, a steel melting furnace. Thus, the 
result is, in many cases, a fracturing or spalling of the 
refractories with consequent premature loss of some or 
all of the furnace lining. 
According to the present invention, there has been 

found a way of constructing furnace walls, and a re 
fractory unit for use in such construction, which over 
comes these prior art problems. A construction accord 
ing to this invention provides proper thermal expansion 
allowance for the refractories while at the same time 
maintaining these refractories in tight engagement in the 
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2 
furnace wall, both at the operating temperature of the 
Ee and during intervals when the furnace is cooled 
OW. 

The invention will best be understood from the fol 
lowing description, taken in conjunction with the draw 
ings in which: 
FIGURE 1A is a partial plan view of a circular fur 

nace Wall after construction and before the first heating 
up of the furnace; 
FIGURE 1B is a similar view of the same wall upon 

heating up of the furnace; 
FIGURE 1C is a similar view of the same furnace 

Wall after cooling from the operating temperature; 
FIGURE 2 is a perspective view of a refractory unit 

for ise in a furnace construction according to this in 
Vention; and 
FIGURE 3 is a similar perspective view of an alterna 

tive embodiment. 
In a structure according to this invention, refractory 

shapes 11 having longitudinal faces 16, 17, 18, and 19 
are placed in a furnace wall, for example a circular fur 
nace Wall as shown in FIGURE 1A, B, or C, with strips 
of combustible material 12 between opposed longitudinal 
faces of adjacent refractory shapes 11 near the inner 
end of such shapes, the material 12 between longitudinal 
faces 17 and 19 of adjacent shapes being shown in FIG 
URE 1A. By the term "inner end” is meant the end of 
the refractory shape 11 disposed toward the interior of 
the furnace and intended to be exposed to the high tem 
perature within the furnace when it is at operating tem 
perature. The combustible material 12 will preferably 
extend from adjacent the inner end to a point not more 
than 20% of the distance along the longitudinal face of 
the refractory from the inner end toward the outer end 
of the refractory. By the term "outer end” is meant the 
end of the refractory opposite the inner end, being the 
end furthermost from the high temperature of the 
furnace. 

Between the opposed longitudinal faces of adjacent re 
fractory shapes 11 at their outer ends are placed small 
flat plates or sheets of metal 13. These plates of metal, 
which may for example be sheet steel, extend along the 
longitudinal faces of the refractories, from adjacent the 
Outer end to from 10% to 25% of the distance from the 
Outer end toward the inner end. 
Upon heating up of the furnace, the combustible ma 

terial 12 burns out and leaves a space into which the 
hot or inner ends of the refractory shapes 11 can expand. 
The thickness of the combustible material 12 is prefer 
ably such that it is just equal to the thermal expansion of 
the refractory material between the longitudinal faces, 
for example the faces 17 and 19 of FIGURE 1, of the 
refractory shape 11 upon heating from room temperature 
to the operating temperature of the furnace. That is to 
Say, its thickness will be equal to the thermal expansion 
of the refractory in a direction perpendicular to the face 
against which the combustible lies. Thus, at the operating 
temperature of the furnace the longitudinal faces of the 
refractory shapes 11 are substantially in contact at the 
inner or hot ends. When, for example, the refractory 
shapes 11 are made of non-acid metal oxide refractory 
material such as magnesite or chromite or mixtures of 
these two with each other, and are installed in a steel 
melting furnace designed to operate at about 1700° C., 
the thickness of the combustible material 12 is from about 
0.75% to about 2% of the thickness of each refractory 
shape 11 at its inner or hot end for chemically bonded 
brick, from about 1.5% to about 2.5% for conventionally 
fired (for example, to about 1350° C.) brick, and from 
about 1.75% to about 3% for high-fired or direct-bonded 
brick. 
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When the furnace is at operating temperature, the outer 
or cold ends of the refractory shapes 11 are only slightly 
above room temperature, for example at about 250° C. 
Accordingly, there is little expansion of the cold or outer 
ends of the refractory shapes 11. However, in a circular 
furnace such as shown in FIGURE 1, any increase in tem 
perature at the cold end causes some expansion in the 
refractories and tends to tighten the bricks within the fur 
nace. It will be noted that any compression forces due 
to heating of the outer ends of the bricks will be applied 
to the coldest portion of the brick, that is to say the 
portion of the brick best able to withstand the compressive 
forces involved. 
Upon cooling down again of the furnace, as is illus 

trated in FIGURE 1C, the inner ends of the refractory 
shapes 11 contract and part, leaving a gap between these 
inner ends. However, there is little if any cooling and con 
traction of the outer ends of the refractory shapes 11 and 
the shapes are thus still tightly held in place by the wedging 
action of the metal 13 between the refractory shapes 11. 
Thus, in a tilting electric furnace for example, the re 
fractory lining will be held tightly and will not fall out of 
place during the heating and cooling cycle of the furnace. 

It will be found most convenient for the construction 
of a furnace according to the above description to have 
the combustible material 12 at the inner ends and the 
metal strips 13 at the outer ends of the refractory shapes 
11 attached to such shapes before the shapes are placed in 
the furnace structure, preferably before shipment of the 
shapes to the user. FIGURE 2 shows a refractory unit 
with combustible material 12, for example cardboard or 
wood, attached to two longitudinal faces, 16 and 17, of 
the refractory shape 11 and metal strips 13, for example 
steel, attached to the outer end of the shape on the same 
longitudinal faces. As explained above, the combustible 
material will preferably extend from adjacent the inner 
end to not more than 20% of the distance from the inner 
end toward the outer end of the refractory shape 11 and 
the metal will extend from adjacent the outer end of the 
face to which it is applied to from 10% to 25% of the 
distance from the outer end toward the inner end of the 
refractory shape. The metal plates and combustible sheets 
can be attached to the refractory by any suitable method, 
for example by an adhesive. 
An alternative method of constructing a refractory unit 

for use according to this invention, shown in FIGURE 3, 
is to place the combustible material in the form of a strip 
or tube 12 fitting over and completely encircling the 
inner end of the refractory shape 11. Likewise, the metal 
strip can take the form of a band 13' completely encircling 
the outer end of the refractory shape 11. 

It will be understood that the total thickness of com 
bustible material on opposite longitudinal faces of the 
refractory shape 11, for example on faces 17 and 19, 
will be equal to the thermal expansion of the refractory 
material between said longitudinal faces upon heating 
from room temperature to the operating temperature of 
the furnace. It will also be understood that, instead of 
placing combustible and metal on two opposed faces, 
for example 17 and 19, the total thickness of these mate 
rials can be placed on one face, for example 17, only. 
Although the invention has been illustrated by examples 

wherein combustible and metal are placed in all joints, 
i.e., in both radial and circumferential joints of a circular 
furnace, it will be understood that, if desired, the use 
of combustible and metal can be confined to the joints 
running in one direction, e.g., to the radial joints in a 
circular furnace. 

It will be understood that the thickness of the metal 
13 at the outer end of the refractory shape 11 is not 
critical and will be chosen with regard to such factors as 
convenience, economy, and the desire to provide a good 
bearing surface for the outer ends of the refractory shapes 
to hold such shapes in position in the furnace. Generally, 
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4 
the thickness of the metal is approximately equal to that 
of the combustible. - - - - - - - - - - - - - 

Although cardboard and wood have been mentioned as 
examples of suitable combustible materials, it will be 
understood that other materials of equivalent properties 
can be used. For example, asbestos can be used, although 
it will generally be found more expensive than card 
board, and may introduce an undesirable amount of sili 
cate into the refractory system. 
While the illustrated structure according to this inven 

tion has combustible and metal between each refractory 
shape, it is possible to place such combustible and metal 
in only every other joint, or even less frequently, if de 
sired, the thickness of each piece of combustible and metal 
being correspondingly increased. 

In the drawings, the thicknesses of the combustible and 
metal have been exaggerated to show the invention more 
clearly. Although the invention has been illustrated with 
refractory shapes of rectangular cross-section, the inven 
tion can be used with shapes of other configurations. 

Having now described the invention, what is claimed is: 
1. A refractory unit comprising: 
a refractory shape having an inner end adapted to be 

exposed to the high temperatures of a furnace, an 
outer end opposite said inner end, and longitudinal 
faces between said ends; 

combustible material on at least one of two opposed 
longitudinal faces of the refractory adjacent the in 
ner end of the refractory; and 

flat sheet metal attached to at least one of said two 
opposed longitudinal faces of said refractory shape 
at the outer end of said shape and extending from 
adjacent said outer end to from 10% to 25% of the 
distance from the outer end toward the inner end of 
the shape, said metal remaining solid at tempera 
tures prevailing at the outer end of the shape, 

2. A refractory unit comprising: 
a refractory shape having an inner end adapted to be 

exposed to the high temperatures of a furnace, an 
outer end opposite said inner end, and longitudinal 
faces between said ends; 

combustible material on at least one of two opposed 
longitudinal faces of the refractory adjacent the 
inner end of the refractory and extending to not 
more than 20% of the distance from the inner end 
toward the outer end of the refractory; and 

flat sheet metal attached to at least one of said two 
opposed longitudinal faces of said refractory shape 
at the outer end of said shape and extending from 
adjacent said outer end to from 10% to 25% of the 
distance from the outer end toward the inner end of 
the shape, said metal remaining solid at tempera 
tures prevailing at the outer end of the shape. 

3. A refractory unit according to claim 1 wherein the 
total thickness of said combustible material on opposed 
longitudinal faces is equal to the thermal expansion of 
the refractory material in a direction perpendicular to 
said longitudinal faces upon heating from room tempera 
ture to the intended operating temperature of the furnace. 

4. A refractory unit according to claim 1 wherein said 
refractory shape is composed of non-acid oxide refractory 
material and the total thickness of said combustible ma 
terial on opposed longitudinal faces of the refractory is 
equal to from about 0.75% to about 3.0% of the thick 
ness of the refractory material between said faces. 

5. A refractory unit according to claim 1 wherein said 
combustible material is cardboard and said metal is steel. 

6. A refractory unit according to claim 1 wherein said 
combustible material is disposed on each longitudinal face 
of the refractory at its inner end and said sheet metal is 
disposed on each longitudinal face of said refractory at 
its outer end. 

7. A refractory lining for a furnace comprising: 
refractory shapes, each of said shapes having an inner 

end exposed to the interior of the furnace, an outer 
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end opposite the inner end, and longitudinal faces 
between said ends; 

combustible material disposed between opposed longi 
tudinal faces of adjacent refractory shapes, said ma 
terial extending from adjacent the inner ends to not 
more than 20% of the distance from the inner ends 
toward the outer ends of the refractory shapes; and 

flat sheet metal disposed between said opposed longitu 
dinal faces of adjacent refractory shapes, said metal 
extending from adjacent the outer end to from 10% 
to 25% of the distance along said faces from the 
outer end toward the inner end of said refractory 
shapes and remaining solid at temperatures prevail 
ing at the outer ends of the refractory shapes. 

8. A refractory lining according to claim 7 wherein 

6 
combustible material disposed between opposed lon 

gitudinal faces of adjacent refractory shapes adjacent 
the inner ends of said shapes; and 

flat sheet metal disposed between said opposed lon 

the thickness of said combustible material between op 
posed faces of adjacent refractory shapes is equal to the 
thermal expansion, upon heating from room temperature 
to the intended operating temperature of the furnace, of 
the refractory material between said combustible ma 
terial. 

9. A refractory lining for a furnace according to claim 
7 wherein said furnace is of circular section. 

10. A refractory lining for a furnace according to 
claim 7 wherein said furnace is an electric furnace. 

11. A refractory lining for a furnace comprising: re 
fractory shapes, each of said shapes having an inner 
end exposed to the interior of the furnace, an outer 
end opposite the inner end, and longitudinal faces 
between said ends; 

5 gitudinal faces of adjacent refractory shapes, said 
metal extending from adjacent the outer end to from 
10% to 25% of the distance along said faces from 
the outer end toward the inner end of said refrac 
tory shapes and remaining solid at temperatures pre 

O vailing at the outer ends of the refractory shapes. 
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