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7 Claims. (CI. 110-99) 

The present invention relates to refractory roofs of 
the character employed in metallurgical furnaces such as 
open hearth steel furnaces, copper refining furnaces, and 
the like. 
A purpose of the invention is to reduce the pronounced 

tendency of basic refractory roof brick to spall parallel 
to the hot face. 
A further purpose is to construct a basic refractory 

roof with bricks which are provided with comolded metal 
lic plates to reduce spalling and at the same time avoid 
dimensional growth of the brick due to oxidation of the 
metallic plates which may cause undesirable changes in 
the dimension of the arch and non-uniform distribution 
of the arch stresses. 
A further purpose is to employ internal oxidizable 

metallic plates which are comolded into the brick and 
extend over a major portion of the longitudinal dimension. 
A further purpose is to dispose the internal plates sub 

stantially radially in a curved arch. 
A further purpose is to provide holes in the internal 

plates through which plugs of refractory can extend and 
join to unite the brick together from the opposite sides 
of the plates. 
A further purpose is to comold the internal plates in 

the brick and provide tabs or other projections from one 
or preferably both faces of the plates which are united 
in the basic refractory by comolding. 
A further purpose is to dispose the internal plates sub 

stantially radially in a curved arch together with external 
plates in the transverse joints of the roof placing the 
external plates on the brick by comolding or by intro 
ducing the plates at the time of assembly. 
A further purpose is to comold a refractory roof brick 

with internal and external plates by disposing the internal 
plates in the direction of the pressing motion and the 
external plates at a right angle to the direction of motion. 
A further purpose is to comold a refractory brick with 

two external plates and two or more internal plates dis 
posed at a right angle thereto, each of the external plates 
being in pressing contact with at least one internal plate. 

Further purposes appear in the specification and in the 
claims. 

In the drawings I have chosen to illustrate a few only 
of the numerous embodiments in which my invention may 
appear, selecting the forms shown from the standpoints 
of convenience in illustration, satisfactory operation and 
clear demonstration of the principles involved. 

Figure 1 is a fragmentary diagrammatic section trans 
versely of a roof arch according to the invention. 

Figure 2 is a fragmentary section in the position indi 
cated by the line 2-2 of Figure 1, substantially in plan. 

Figure 3 is a fragmentary diagrammatic vertical section 
in the transverse direction through a modified arch of 
the invention. 

Figure 4 is a central section through a brick according 
to the invention, the section being taken on the line 4-4 
of Figure 6. 
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Figure 5 is a section on the line 5-5 of Figure 6. 
Figure 6 is a top plan view of the brick of Figures 

4 and 5. Figure 7 is a section on the line 7-7 of Figure 9 
showing a variant form of brick according to the in 
vention. 

Figure 8 is a section on the line 8-8 of Figure 9 
of the brick of Figure 7. 

Figure 9 is a top plan view of the brick of Figures 
7 and 8. 

Figure 10 is a perspective of a plate assembly as used 
in Figures 4 to 6. 

Figures 11 and 12 are perspectives of modified plate 
assemblies. 

Figure 13 is a diagrammatic vertical longitudinal sec 
tion showing the molding of a brick according to Figures 
1 to 9, with the dies separated. 

Figure 14 is a section of Figure 13 on the line 14-14, 
showing the dies in brick compression position, but with 
the dies shown separated in dot-and-dash lines. 

Figure 15 is a section on the line 15-15 of Figure 
17, showing a variant brick in accordance with the in 
vention. 

Figure 16 is a section of the brick of Figure 15 on the 
line 16-16 of Figure 17. 

Figure 17 is a top plan view of the brick of Figures 
15 and 16. 

Figure 18 is a section of a variant brick according to 
the invention, the section being taken on the line 18-18 
of Figure 20. 

Figure 19 is a section of the brick of Figure 18 on the 
line 19-19 of Figure 20. 

Figure 20 is a top plan view of the brick of Figures 
18 and 19. 

Figure 21 is a section of a further variation in the 
brick of the invention, the section being taken on the 
line 21-21 of Figure 23. 

Figure 22 is a section of the brick of Figure 21 on the 
line 22-22 of Figure 23. 

Figure 23 is a top plan view of the brick of Figures 
21 and 22. 

Figure 24 is a vertical longitudinal section showing the 
molding of a brick according to Figures 15 to 23 in 
clusive. 

Figure 25 shows in elevation iron or steel wire mesh 
which in some cases is interposed in the radial joints. 

Figure 25a is a fragmentary view similar to Figure 3, 
showing the placement of the gauze of Figure 25 between 
the radial faces of the refractory brick. 

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

Basic refractory brick have been employed in roof 
construction with oxidizable metallic spacer plates ap 
plied on all faces. As the furnace continues in service, 
the metal of the spacer plate, which is usually iron or 
steel, oxidizes, and the iron oxide reacts with the basic 
refractory of the brick at either side, which is usually 
of chromite, magnesia or a mixture of the two predomi 
nating in either of the components. This tends to inte 
grate the roof together, preventing leakage of gases at 
the joints, preventing infiltration of air, and reducing the 
tendency of the brick to crack and spall. 
The metallic spacer plates in the joints have one ob 

jection in that the oxidation which occurs in service in 
creases the thickness of the plates by 100 percent or 
more. Furthermore, the oxidation is not uniform 
throughout the length of the brick since it is practically 
negligible at the cold face and increases with increasing 
distance toward the hot face. This non-uniform degree 
of oxidation causes non-uniform dimensional changes in 
the brick which localizes the strains in a curved arch 
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and concentrates them at or near points where oxidation 
has been the greatest. 

Difficulty has been encountered in sprung arches and 
in combined sprung arches and Suspended roofs due to 
the tendency of the arch to elongate in the direction of 
the arc when the plates oxidize at the radial joints. This 
develops a comparatively high and localized pressure in 
the direction of the arc, subjecting the brick to high com 
pression forces which may cause failure or cracking. 
The basic refractory brick of the character which have 

previously been used with oxidizable metallic plates on 
the lateral faces have shown a tendency to Spall along a 
line parallel to the hot face and at a distance of one to 
three inches from it. 

I have discovered that if an oxidizable metallic plate 
is comolded in the interior of the basic brick containing 
at least 10 percent of magnesia, and extends longitudinally 
of the brick throughout the major portion of the length 
of the brick, a wholly different and more advantageous 
behavior occurs. As the plate oxidizes, instead of grow 
ing and increasing the over-all dimension of the brick 
in the direction of the arc, the plate which is buried in 
the brick by comoiding does not cause any overall dimen 
sional change. It appears that the iron oxide formed by 
the oxidation of the plate reacts with the basic ingredients 
of the refractory, for example with the magnesia present 
in the refractory, to form magnesioferrite, which diffuses 
into the refractory without causing a volume change. 
The same thing occurs in a brick of chromite where the 
magnesia content exceeds 10 percent by weight. 

I have also discovered that the oxidizable metallic 
spacer plate which extends throughout the interior of the 
brick exerts a pronounced tendency to prevent Spalling 
off of the hot ends of the brick. This would appear 
to be due to the fact that the magnesioferrite is highly 
refractory and tends to create a strengthening rib running 
lengthwise through the brick, and also the magnesiofer 
rite tends to break up the force distribution and prevent 
crack propagation across from one side to the other of 
the magnesioferrite band. 
By avoiding spacer plates on the radial joints while 

providing buried oxidizable metallic spacer plates in the 
bricks, the build-up of excessive arcuate dimensional 
changes and pressures is avoided, and Spalling adjoining 
the hot face is greatly reduced. 
To be most effective the buried plate should extend 

almost to the hot face or preferably to a distance not 
in excess of one inch from it. It is less important that 
the plate extend to the cold end, although it is desirable 
to extend to a position close to the cold end. 
The number of plates which are buried in the interior 

of the brick by comolding may vary. In some cases a 
single plate is sufficient, although in other cases two or 
more plates extending in the longitudinal direction will 
be used. 

It is possible to provide openings at intervals along 
the plates and to permit plugs of refractory to extend 
through the openings and join, thus strengthening the 
brick across the plate prior to the time when it oxidizes 
in use. 

It is also possible to provide tabs or projections suit 
ably lanced from the plate which are imbedded in the 
brick by comolding. These tabs preferably extend from 
the opposite faces and suitably at the openings. 
While plates are eliminated at the joints between the 

brick in the radial direction, plates are desirably used on 
the joints in the transverse direction. The increase in 
dimension in this case does not matter as it merely 
lengthens the roof and does not create excessive localized 
stresses or force the skewback supports apart. The plates 
on the transverse faces are conveniently comolded with 
the brick, although they will in some cases be assembled 
to the brick when the roof is made. The plates which 
are comolded on the transverse faces perform the desir 
able function of strengthening the brick during shipment. 
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4. 
Considering now the arch as shown in Figures 1 and 2, 

I there illustrate a suitably arch shaped overhead steel 
supporting member 25 running in the arc direction, and 
receiving and supporting at intervals T-shaped hangers 
25 having hooked upper ends 27 engaged over the Sup 
porting element, and having opposed projections 28 at 
the lower ends which are received within hanger openings 
39 of the respective brick of any character well known 
in the art. It is immaterial from the standpoint of the 
present invention whether the hanger recesses 38 are of 
the character which are entirely formed of refractory, 
entirely formed of metal imbedded in the refractory, or 
formed of a combination of the two. 

Basic refractory roof brick 3: suspended from the 
hangers are also partially supported by skewbacks 32 as 
well known (only one skewback is shown). The skew 
backs are conveniently backed up by springs as is well 
known (not shown). 

Each of the brick 3i has radial faces 33, transverse 
faces 34, hot ends 35, and cold ends 36. The brick 
may be wedge shaped as shown in Figures 1 to 9, or rec 
tangular as shown in Figures 15 to. 23. 

Extending preferably in the radial direction through 
the basic refractory brick and imbedded or buried there 
in by comolding with the refractory is an oxidizable me 
tallic plate 37. When a single plate is used it is prefer 
ably located in the middle. The plate (or pairs of 
aligned plates) preferably extends over the major por 
tion of the length and width of the brick and is in no 
respect comparable with separate wires or a mere screen 
mesh. The plate extends desirably to about one inch 
from the hot end, and this distance should not exceed 5 
inches. The plate 37 will normally extend to the hanger 
socket which is adjacent the cold end and will where re 
quired to be cut out to avoid the hanger. 
The plates 37 are of any suitable oxidizable metal, pref 

erably low alloy or plain carbon steel, but permissibly 
also stainless steel. The plate thickness will normally 
be less than 4 inch and preferably between A6 and 346 inch. 

In the preferred embodiment the internal plates are co 
molded with the refractory. External plates 38 are pro 
vided on those faces of the brick which are placed in the 
transverse joints. The external plates cover approxi 
mately the full width of the brick and the prependerance 
of the distance between the hot face and the cold face. 
The internal plates are preferably sheared longitudinally 
into two approximately equal pieces. One piece is welded 
or mechanically affixed at 40 in a vertical position to one 
of the external plates 38 and the other piece is affixed 
in a counterpart position to the other external plate. 
Preferably two internal plates are attached to each ex 
ternal plate. A hole 30' in the external plate at one side 
connects with the hanger opening. The external plates 
are preferably the same material as the internal plates, 
their thickness being between 42' and 346'. Instead of 
a welded assembly of the internal and external plates, it 
is also desirable in some cases to use a single plate 
formed to provide an external portion and an internal 
portion disposed at a right angle to each other. 
When the molding operation is effected one external 

plate, with preferably attached internal plate or plates 
protruding upward, is placed in the bottom of the mold 
and the refractory mixture is placed on top of it in the 
mold. The other external plate with its internal plate 
or plates protruding downward is placed in the top of 
the mold or affixed to the top die of the molding press. 
The pressing operation is completed by pressing upon 
the external plates to comold the refractory to the plates. 
In order to permanently affix the external plates, tabs 4 
may be punched from the external plates to engage and 
comold with the molded, refractory. Inasmuch as no 
plates appear in the radial joints, the internally molded 
plates can be placed approximately radial and so located 
in the back that in the assembled roof the distance be 
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tween the internal plates in the direction across the arch 
of the furnace is approximately uniform. 

It is not necessary that the external plates be placed 
perpendicular to the internal plates. Internal plates can 
be placed in a position at right angles to movement of 
the molding die and parallel to the external plates if any 
are present. In such case the external plates would be. 
placed in the mold first, then part of the refractory mix 
ture, then an internal plate, then more refractory mix 
ture, etc. until the desired number of plates have been 
included in the mold with the final external plate on the 
top. This molding procedure is not so easily effected as 
the molding process with vertical internal plates, never 
theless, the brick is quite suitable for the purpose. 

Each internal plate may have distributed at intervals 
over its area holes 42 (Figure 11) which receive plugs 
of refractory which joins across between the holes as the 
plate is molded by pressure applied between the radial 
faces 33. The plugs of refractory tend to integrate to 
gether the refractory brick on the two sides of the plate 
prior to the oxidizing of the plate. The area of the holes 
in total should not exceed 20 percent of the area of the 
plate. 
The internal plate may also have tabs or projections 

41' extending out from one and preferably from both 
sides, and united to the refractory by comolding. As 
shown in Figures 15 to 25, projections 41' are suitably 
formed by lancing from the plate. The projections are 
suitably staggered, at one hole extending in one direc 
tion and at the next hole extending in the other direc 
tion or from one side of a hole extending in one direc 
tion and from the other side extending in the other direc 
tion. 

While the employment of the projections 41' is de 
sirable, holes where desired will be used without pro 
jections. 
. It is preferable to employ two or more plates 37 ex 
tending in a longitudinal direction and in the forms of 
Figures 7 to 9 and 18 to 20 I show this construction with 
the plates spaced approximately equal with respect to one 
another when placed in the roof. 

In the assembled roof, the radial adjoining faces of the 
brick 33 are without spacer plates, and have the refrac 
tory of one brick in contact with the refractory of the 
other brick or a refractory mortar can be placed in the 
joint, or a thin metallic (iron or steel) mesh or gauze, 
which permits the refractory to have contact through the 
mesh. 
On the transverse faces 34 however spacer plates are 

provided. This is preferably accomplished by comold 
ing spacer plates 38 on the corresponding faces of the 
brick. 

In the form of Figures 4 to 6 inclusive, only a single 
internal plate 37 is provided on each side at the middle 
extending the bulk of the distance to the center of the 
brick, but leaving a strip of refractory 43 where the in 
ternal plates 37 from the opposite sides do not quite 
meet. This strip of refractory 43 will preferably not have 
a width of more than one-fourth of the corresponding 
dimension of the brick. 

In the form of Figures 7 to 9 there are two internal 
plates 37 extending from each side. The plates from 
the opposite sides are aligned and preferably spaced so 
that the internal plate spacing will be equal throughout 
the roof. 
to the transverse faces 34 of the brick. 

Figure 10 shows a plate assembly of the character em 
ployed at each side in Figures 4 to 6 without holes 
through the internal plate, and Figure 11 shows a form 
having holes 42 through the internal plate to permit plugs 
of refractory to extend through when the external and 
internal plates unite to the refractory by comolding. 
Figure 12 shows a plate assembly of the character used 
at each side in Figures 7 to 9, the holes 42 which are 
optionally employed being omitted in this form. 

The plates 37 preferably extend transverse 
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6 
In molding the brick of Figures 4 to 9 inclusive, as 

shown in Figures 13 and 14, the lower plate assembly 
consisting of the external plate 38 with the upstanding 
internal plate or plates 37 and the upstanding tabs 41 is 
placed on the bottom die 44, the plate assembly extend 
ing the preponderant part of the length of the mold sur 
rounded by the mold sides 45, and the plate 38 resting on 
the lower die 44. The cooperating opposed plate assem 
bly consisting of the external plate 38, the aligned down 
wardly extending internal plate or plates 37 and the down 
wardly extending tabs 41 is placed on the bottom of the 
upper die 46 and extends the preponderant part of the 
length of the mold, with the plate 38 held to the die 46 
in any suitable way as by the magnetic clutch 47 in the 
face of the upper die. Refractory in a loose mass 48 is 
inserted in the mold on the lower plate assembly, and 
the dies brought together, suitably under a pressure ex 
ceeding 1000 p.s. i., and preferably under a pressure 
exceeding 5000 p.s. i., as shown in Figures 13 and 14. 
Thus the internal plates and the tabs from the upper plate 
assembly are forced into the refractory and the refractory 
is comolded around the upper and lower plate assemblies, 
including the internal and external plates and the tabs. 

In the form of Figures 1, 2 and 4 to 14, an axial hanger 
recess 30 is formed in the brick due to a projection 50 
which extends suitably from the upper die in the direc 
tion of motion. In some cases as shown in Figures 15 
to 22 the hanger recess extends radially. In this form a 
single internal plate 37' (Figures 15 to 17) or a plurality 
of such spaced plates (Figures 18 to 20) is provided with 
openings 42 through which plugs of refractory extend 
and join, and preferably also with tabs 41' extending out 
on opposed sides suitably in staggered relation, comolded 
with the brick. In this case the hanger opening 302 
extends in the arc direction. This brick may be formed 
as shown in Figure 24 by placing a mass of refractory 
in the mold, then placing the plate 37' in the mold 
aligned parallel to the opposed molding faces with the 
tabs 41' extending in the direction of die motion and 
then placing more refractory on top of the plate. The 
dies are then brought together to comold the brick and 
the plate with the tabs and form a hanger recess 302. In 
case two plates are used in this form, the refractory is 
added in three increments, before the first plate, after 
the first plate, and after the second plate. 
The internal plate will extend any desired distance from 

the hot end, preferably not exceeding one inch as indi 
cated at 51. 
In some cases a U external plate 38' is used, forming 

it on the outside of the mold by comolding and providing 
tabs 412 which extend from the arms 52 of the U into 
the brick. 
The brick is preferably wedge shaped as shown in 

Figures 1 to 8, although it may be rectangular as shown 
in Figures 15 to 23. 
The radial joints as already explained will in some 

cases have nothing at all interposed between the refrac 
tory, in other cases will have refractory cement at 33 in 
Figures 1 to 3, normally not of appreciable thickness, 
and in other cases will include wire mesh 53 as shown 
in detail in Figure 25. Unlike plates used on radial 
joints, the wire mesh when having an open space which 
is more than 50 percent of the area does not cause ap 
preciable lateral pressure in the direction of the arc, the 
iron oxide formed from the iron or steel of the mesh 
merging with the basic refractory of the adjoining bricks 
without causing growth. 

It will be understood that the refractory used is prefer 
ably of the type suited for use without kiln firing. The 
molded brick are cured and/or dried and are then suitable 
for use. The external plates 38 on the unfired refractory 
brick tend to protect the brick during shipment. 

In some cases separate oxidizable metallic spacer plates 
are inserted on the transverse faces. 

If it is desired that only one thickness of plate will 
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occur on the transverse faces, the comoided plate is 
provided on only one transverse face as in Figures 21 
to 23. 

In some cases the invention is applied to a sprung 
arch having no hangers as in Figure 3. Except for the 
absence of hangers and hanger sockets, and the use of 
two internal lines of plates in each brick, the construc 
tion of Figure 3 conforms with that of Figures 1 and 2. 

In view of my invention and disclosure variations and 
modifications to meet individual whim or particular need 
wili doubtless become evident to others skilled in the 
art, to obtain all or part of the benefits of my invention 
without copying the method and structure shown, and 
I therefore claim all such insofar as they fall within the 
reasonable spirit and scope of my claims. 

Having thus described my invention, what i claim as 
new and desire to secure by Letters Patent is: 

1. A melting furnace refractory roof of arch form 
having a plurality of basic refractory roof brick of the 
class consisting of magnesia and mixtures of chromite 
and magnesia containing at least 10 percent magnesia by 
weight, and arranged side by side and end to end with 
radial joints, there being a metallic wire mesh interposed 
between radial faces of successive brick, the refractory of 
the successive brick being in engagement through the 
metailic wire mesh, and successive brick having an 
oxidizable metallic plate extending through the interior 
of the brick over a major pcrtion of the longitudinal di 
mension of the brick. 

2. A melting furnace refractory roof of arch form 
having a plurality of basic refractory brick of the class 
consisting of magnesia and mixtures of chromite and 
magnesia containing at least 10 percent magnesia by 
weight and aligned side by side in force transmitting rela 
tion to each other in the line of the arch, the confronting 
faces of said brick in the force transmitting arch line 
being substantially free of oxidizable separants imme 
diately after said brick are assembled in the arch line, 
and there being in each of the successive brick at least 
one oxidizable metallic plate appreciably inside the heat 
ed brick and extending outward through the interior of 
said refractory brick over a major portion of the longi 
tudinal dimension of the brick. 

3. A melting furnace refractory roof of arch form as 
defined in claim 2 and further characterized by said 
confronting faces of the brick in said force transmitting 
arch line being radial. 
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4. A melting furnace refractory roof of arch form 

as defined in claim 2 and further characterized by said 
confronting faces of the brick in said arch line being 
bonded by mortar. 

5. A melting furnace refractory roof of arch form as 
defined in claim 2 and further characterized by said con 
fronting faces of the brick in said arch line having me 
tallic wire mesh between the adjacent pairs of said faces. 

6. A melting furnace refractory roof of arch form 
having a plurality of basic refractory brick of the class 
consisting of magnesia and mixtures of chromite and 
magnesia containing at least 10 percent magnesia by 
weight and aligned in side by side arch rows, the bricks 
in each of said rows being in force transmitting relation 
to each other in the line of the arch and the confronting 
faces of the brick in the force transmitting arch line 
being Substantially free of oxidizable separants imme 
diately after said brick are assembled in the arch line, 
there being in each of the successive brick in each of 
said rows at least one oxidizable metallic plate appre 
ciably inside the heated face of the brick and extending 
outward through the interior of said refractory brick 
over a major portion of the longitudinal dimension of the 
brick, and oxidizable metailic plates laterally separating 
said arch rows. 

7. A melting furnace refractory roof of arch form as 
defined in claim 6 and further characterized by said ox 
idizable metallic piates laterally separating said arch 
rows being integral facings on said bricks and integral 
with said oxidizable metallic plates extending through the 
interiors of said bricks. 
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