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The present invention-relatest ry brick havi. 15 
ing unusually high resistance to spalling and particularly 
to such brick intended for use in suspended roofs; or 
stipperted walls of furnaces. 
The present application is a continuation-in-part of 

oir cepending. U. S. application Serial No. 57,454; filed 
October 30; 1948, now Patent No. 2,652.793, for Re: 
fractory:Brick. Resistant to Spalling and Process. 
A purpose of the invention is to increase the resistance 

of refracföry brick against spalling at the hot face due 
törepeated changes in temperature; by creating a sepa. 

internal refractory cell bounded at the opposed sides 
by internal comolded oxidizable metallie plates: 

Further purposes appear in the specification and in the 
claims: - 
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ion of the principles involved 
the invention: 

Figures 2 is: a-view similar to Figure: 1 showing a 
modific - : 

in thi wings: like: numerals, refer to like: parts 
throughout: 40 

Describing in illustration but not in limitation and 
referring to the drawings: 

In the construction; of many types of furnaces, to be 
used at high, temperatire; , such as open hearth: steel 
furnaces, it is desirable to use suspended refractory 
brick and supported: walf: constructions;. The refracto 
riess used for this purpose: consist of the various basic 
refracteries; of whichi, the most widely used: aire mage 
nesia, chroine-magnesia; and magnesia-chrome. It is 
customary to lay, the brick with oxidizable metallic: 
spacers: iii, the joints. Frequently such basic brick's are 
used without previous kiln firing and in such cases the 
metallic: spacers are desirably, applied to the brick at the 
time of forming the brick. 

50 

tion of the furnace. . . . a' . 
the brick to expand and contract' rapidly, and eventually 
the brick fracture and spall of along planes' which 
parallel to the exposed faces of the brick and 
about one-inch from the hot end. This-spalling causes 
premature"failure: - 1s - 65 

In a refractory roof-or wall, each brick has its hot end 
exposed: to the interior of the furnace, while the sides 
parallel to the major axis of the brick extend outwardly 
from the furnace interior and are protected from the 
heat? by adjacent brick. The hot end may exhibit a 70 
temperature of 30009 F. at the time the finished heat of 
steer is tapped from an open hearth-steel-furnace: A 

is a perspective view illustrating, a: brick. of 35 

thermal gradient then prevails along the longitudinal axis 
of the brick. - 

After the furnace is tapped, the furnace doors are 
opened, the fuel is shut off and a large quantity of cold 
charge is placed in the furnace. As a result the hot end 
of the brick cools' rapidly and its temperature may fall to 
1000°F. Since the cooling is relatively rapid most of 
the temperature change is confined to the hot end of the 
brick, and at some interior point there is relatively, little 
loss in temperature. - - 

After charging of the furnace is completed, the fuel is 
again supplied to the furnace and the hot end of the 
brick rises in temperature until the gradient formerly 
existing i - again established. This operating cycle is re 
peated again and again. The brick are thus subjected to 
repeated strains and finally fracture develops parallel 
to the hot end and the hot end spalls off. A new hot 
end is thus established, and this is subjected to similar 
treatment and gradually the brick are destroyed. 

If we consier the brick as divided into elements 
parallel to the longitudinal axis and parallel to one an 
other, it will be evident that the adherence of each ele 
ment to its neighbor tends to set up tensile stresses 
across-the-hot face of the brick which tend to increase the 
ickness of the individual elements when the hot face 

pidly during the furnace cycle. The tensile stress 
i across the hot end may rise to a value which the 

y cannot stand, whereupon a crack will result 
at 90° to the hot end. The deformation of the elements 

rick may exceed the strain which the refractory 
é of standing and this will produce cracks par 

the hot face. - 

On heating compressive' forces are set up which pro 
dice deformation in the opposite direction from that 
caused by cooling: - - 

observed that the presence of metallic spacers 
resides of the brick during forming of the 
es the tendency of cracks' to occur at the 

strface due to the strains set up by heating and cooling. 
The exact nature of the action of the metallic spacers in 
preventing crack formation is not entirely clear. It is, 
however, evident that the spacers exert an effect in avoid 
ing crack origin and propagation. 
The spacers are usually made of ordinary low carbon 

steel, although they can be made of any oxidizable con 
struction metal or alloy which will operate at the tem 
perature of the hot end of the refractory. It will be 
evident of course that the spacers need not be oxidizable 
at room, temperature: so long as they oxidize at furnace 
temperature, and therefore stainless steel, such as the 
18% chromium, 8% nickel grade or the 16% chromium 
grade or other alloys of iron and chromium may be 
used. 
The heat of the furnace oxidizes the spacers at the 

hottest part of the brick and the iron or other metallic 
oxide: formed reacts with the basic material present in 
the "refractory, suitably magnesia or impurities in chro 
mium ore. The resultant product welds together to 
form: a monolithic structure which definitely resists 
crack formation. 
Our studies: indicate that the strain set up in the Sur 

face of the brick due to heating-and-cooling are greater 
if the transverse dimensions of the brick are greater. 
We have-discovered that improved resistance to Spall 

ing is obtained by imbedding in the brick at the time of 
molding a plurality of oxidizable metallic spacer plates 
which are placed in a plane or planes parallel to the major 
axis of the brick and preferably approximately parallel to 
one of the faces of the brick which extends longitudinally 
in the furnace; thereby. Subdividing the brick into co 
molded cells of smaller dimensions, which can be heated 
and cooled with less strain at the outer surface, The 
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same mysterious action of the spacer plate which mini 
nizes the crack formation when the plate is located at the 
edge of the brick likewise minimizes the crack formation 
at the edges of the cells within the brick. Therefore, 
Spalling resistance is decreased due to a combination of 
the cellular effect on account of reduced dimensions sub 
jected to strain, and the skin effect exerted by the oxidiz 
able metallic spacer subdividing the cells. 
While the partition wall between the cells should ex 

tend a major portion of the distance across the brick at 
the hot end (and most desirably at least 34 of each dis 
tance), it will be understood that there may be some 
remaining cross connection between the refractory where 
the partition does not fully extend across the brick. 
Likewise while the cell should run the major portion of 
the length of the brick, it will be understood that con 
siderable benefit will be evident if the partition is located 
at the hot end and extends for a distance of even two or 
three inches from the hot end. Naturally for best results 
the cells should be separated for the major portion of the 
length of the brick beginning at the hot end. 
The brick mix employed may, for example, be mag 

nesia or refractory material high in magnesia, such as 
dead burned magnesite or electrically fused magnesia. It 
is important that the refractory material be of a basic 
nature, since certain refractories such as silica would 
react with the metallic spacers when they oxidize and 
would form fusible slags, destroying the roof. Chromite 
may be used instead of part of the material high in mag 
nesia. For example mixtures of chromite with magnesia, 
containing for instance 75% of chromite and 25% of 
dead burned magnesite, may be used. 
The amount of chromite present may be decreased for 

example to a composition containing 25% chromite and 
75% of dead burned magnesite. Any other suitable basic 
refractory composition may be employed. - 

Bonding substances should preferably be added to 
Secure bond without kiln firing. Organic binders such as 
sulphite pitch, dextrin, glue, gum arabic or inorganic 
binders such as water solutions of magnesium sulphate, 
magnesium chloride, sodium dichromate, sodium silicate 
and the like may be used. The amount of binder used 
should be sufficient to form a brick which is mechanically 
strong without kiln firing. Normally the binder will be 
of the order of one percent on the weight of the brick, 
and will seldom exceed two percent, and should never 
exceed five percent. . . 
The pressure of molding the brick will in any case 

exceed 1000 pounds per square inch (70.3 kilograms per 
Square centimeter), and preferably exceed 5000 pounds 
per square inch (351.5 kilograms per square centimeter) 
and will most desirably exceed 10,000 pounds per square 
inch (703 kilograms per square centimeter). 
Where reference is made herein to a brick it is intended 

to include any standard refractory shape as well as any 
suitable block or shape provided with any suitable con 
tour or attachment to engage a suitable hanger or support 
if any. 

Figure 1 shows a brick 20 according to the invention, 
having refractory material 21 which is comolded with 
a suitably U-shaped metallic spacer plate 22, having a 
base of the U 23 which is on one longitudinal face of the 
brick and opposing arms of the U 24 and 25 which are on 
opposed longitudinally extending sides of the brick: 
The arms extend desirably the full dimension or at least 

a major portion of the full dimension of the brick in the 
direction in which the arms extend away from the base 
of the U. 

In order to interlock with the brick, projections or 
tongues 26 are lanced from the arms and extend inwardly 
and are comolded in the sides of the brick. 

In the preferred embodiment the side of the brick oppo 
site to the base of the U is provided with a preferably 
flat metallic plate 27, which preferably extends the full 
length of the face in the direction of the major axis of the 
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4 
brick, although it will be understood that it may have 
suitable cutouts for a hanger opening or hanger projection 
if desired. Tongues or projections 28 are suitably lanced 
or otherwise formed from the spacer plate 27 and are 
embedded by comolding in the refractory. - 

Internal spacer plates or partition walls 30 of which 
two are shown in spaced relation extend in the direction 
from the base of the U 23 toward the opposing spacer 
plate 27 and are desirably secured to the base of the U 
as by spot welding at 31. The partition plates or internal 
plates 30 extend parallel to the sides of the U in the form 
shown, subdividing the brick in the particular embodi 
ment into external refractory cells 32 and 33, beginning 
at or adjacent to the hot end 34, and internal refractory 
cell 35, likewise beginning at or adjacent to the hot end. 
The refractory cells formed are desirably equal. 

It is not important for the purpose of the present 
invention whether or not the partition plates have tongues 
or interlocks comolded in the refractory similar to the 
tongues or interlocks 26 and 28. 
The partition plates will, where desired, extend the 

full length of the brick in the direction of the major axis 
as shown in Figure 1, but in some cases the partition 
plates 30' are shortened as shown in Figure 2, so that 
room will be permitted for a hanger socket at the cold 
end of the brick. 

It will be understood that the molding pressure in form 
ing the brick is applied between the face of the brick 
located at the base of the U 23 and the plate 27 so that 
the internal plates and the external plates are intimately 
associated with the refractory by comolding. Thus the 
internal plates extend across the major portion of the 
dimension of the brick in the direction of molding. 

All of the plates comolded with brick are desirably 
of oxidizable metal such as steel as already explained. 
The spacers and the partition plate are preferably of sheet 
or plate about Ae inch thick, although thicker or thinner 
spacers may be used. Spacers and partition plates thicker 
than 4 inch are not recommended because of the tend 
ency of the metal to melt out rather than oxidize, and 
spacers thinner than 64 inch are not recommended 
because the oxidized layer formed is not adequately thick. 
The molded brick are desirably dried for about 24 

hours, after which they are ready for use without kiln 
drying. 

It will be evident that while the U-shaped plates will 
be preferred, flat plates on the external faces will some 
times be desirable. 

In view of our invention and disclosure variations and 
modifications to meet individual whim or particular need 
will doubtless become evident to others skilled in the art, 
to obtain all or part of the benefits of our invention with 
out copying the brick shown, and we, therefore, claim 
all such insofar as they fall within the reasonable spirit 
and scope of our claims. 

Having thus described our invention what we claim as 
new and desire to secure by Letters Patent is: 

1. A basic refractory brick composed of a refractory 
of the class consisting of magnesia and mixtures of mag 
nesia and chrome ore, said brick having generally parallel 
opposed outside longitudinal faces and a plurality of 
spaced oxidizable metallic plates extending in comolded 
relation longitudinally through the interior of the brick 
transverse to the intended hot face of the brick and over 
a major cross section of the brick in substantially the 
same direction as said opposed outside faces, said oxidiz 
able metallic plates dividing said refractory into outside 
and inside cells between said outside faces of the brick 
and said plates, and said plates being adapted to react 
in the inside of the brick with the basic refractory and 
strengthen the refractory of said cells adjacent to said 
lates. 

p 2. A basic refractory brick composed of a refractory 
of the class consisting of magnesia and mixtures of mag 
nesia and chrome ore, having external and internal 
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refractory cells, comolded external oxidizable metallic 
plates at opposed longitudinal outside faces of the brick, 
comolded internal oxidizable metallic plates interposed 
between said external and internal cells and extending 
through the interior adjacent to the hot face and extend 
ing over a major portion of the cross section of the brick, 
the external and internal plates being adapted to oxidize 
and the internal plates being adapted to react in the 
inside of the brick with the basic refractory and strengthen 
said external and internal cells. 

3. A refractory brick of claim 2, further characterized 
in that the internal plates are generally parallel to the 
external plates. 

4. A refractory brick of claim 2, in which the internal 
plates and the external plates are directly interconnected. 

5. A refractory brick of claim 2, in which the internal 
cells and the external cells are of substantially equal size. 

6. A basic refractory brick composed of a refractory 
of the class consisting of magnesia and mixtures of mag 
nesia and chrome ore, said brick having generally parallel 
opposed outside faces, a plurality of spaced oxidizable 
metallic plates extending in comolded relation longitudi 
nally through the interior of the brick transverse to the 
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intended hot face of the brick and over a major cross 
section of the brick in substantially the same direction as 
said opposed outside faces, and an oxidizable metallic 
plate extending in comolded relation over a longitudinal 
face of the brick other than said opposed outside longi 
tudinal faces, and extending in a direction perpendicular 
to said internal plates, said oxidizable metallic internal 
plates dividing said refractory into outside and inside cells 
between said opposed outside faces of the brick and said 
internal plates, and said internal plates being adapted to 
react in the inside of the brick with the basic refractory 
and strengthen the refractory of said cells adjacent to 
said internal plates. 
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