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1 7 Claims.

This invention relates to furnace wall and roof
structures and more particularly to furnace wall
and roof structures made of basic refractories.

Basic refractories are generally considered to
be those composed of magnesite or chrome or
mixtures of magnesite and chrome and are both
burned and unburned. If unburned, they are
chemically bonded. Basic refractories in the
form of blocks or brick, whether burned or chem-
ically bonded, expand from about % to about 14
of an inch per foot when heated to furnace op-
erating temperatures. Unburned basic brick have
& very sharp expansion rate from about 1700° F.
to about 2100° F. Beyond 2100° F., when under
load, they begin to shrink. Above 2800° F., basic
brick whether burned or unburned, begin to sof-
ten so that their load carrying strength falls off,

If a furnace chamber wall ¢onstructed of such
basic brick and having no expansion joints is so
‘heated that its inside or furnace chamber face
has a temperature of about 3000° F. and its out-
side face has a temperature of about 700° F.—a
zcne adjacent the furnace chamber face is ex-
panded its full amount of ¥ of an inch per foot,
while the zone adjacent the outside face is ex-
panded but very little.-

Such heating causes .the - bricks to become
wedge-shape, with the thicker section thereof ad-
jacent the inside face of the wall and with the
thinner section adjacent the outside face. Under
such conditions the wall, as. will be expected, has
& tendency to bow out, and will, unless it is re-
strained. Restraining is usually accomplished by
sectionally tying the wall to the buckstays or
furnace steelwork. If restrained so that it can-
not bow, the expansion of thé inner end portions
of the bricks causes the wall to grow in
height and of course, the inner end portions of
the bricks or blocks carry the entire wall load.
This growth in height spreads apart the outer
ends of the bricks, and if the load on the inner
end portions is too great, such portions become
squashied out of shape, causing refractory fail-
ure. .
If the furnace temperatures are such that the
inside face of the furnace wall reaches 3000° F.,
and the wall is soaked through until temperature
equilibrium is obtained, the maximum expansion
occurs about 43%°’ in from the furnace chamber
face. This maximum expansion causes a hump to
be formed at this position and such hump must
carry the entire wall load, if the wall is bucked
up from the outside by the usual lateral braces.
The wall under such conditions may teeter on
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and outside of such hump. Since the hump can
be quite narrow, the load per square inch of re-
fractories can be extremely heavy. )

If the basic bricks are reinforced either by steel
Jackets or steel plates (as is now common) with
the furnace chiamber ends of such metal members
exposed to the furnace chamber temperature,
these will soften at about 2300° F. and such plates
and the horizontal portions of such jackets may
be squeezed out from between the bricks, offset-
ting the expansion of the bricks in an amount
equal to the thickness of such jackets or rein-
forcing plates. .

This- squeezing out of the softened.jacket or
plate material however only occurs between the
outer end of the softening zones of such plates
or jackets and the furnace chamber face of the
wall. From such softening zone to the outer or.
opposite face of the wall, these plates or jackets

‘generally oxidize and swell or increase in thick~

ness. ‘Because of this swelling, the hump is ex- -
aggerated. )

From this it will be seen that while a wall made
of basic brick may be solid when built, it will not
be solid after it has been heated to operating
temperatures. ) oo

Before heat is applied to the inside face of the
wall, the wall load is evenly distributed, but as
soon as heat is applied to the inside face, the
load shifts to.a zone adjacent such inside face.
When temperature equilibrium is established
through the wall, with the temperature of the -
inside face about 2800° F., the inside ends of
the bricks begin to soften and the load is shifted

-to the hump. This hump, as above pointed out,

becomes more pronounced when spacer reinforc-
ing plates or jackets are.used, since the inner
ends of such plates or jackets melt away and the
remaining metal oxidizes and swells, .

An object of this invention is to produce a
basic refractory furnace wall. which is provided
with means for overcoming this difficulty.

Another object is.to provide a method of mak-
ing a refractory furnace wall which overcomes
this difficulty. . .

Another object is to produce an improved basic

refractory. furnace wall and/or roof structure.
" Another .object is to provide a method of mak-
ing an improved furnace wall or roof structure
in which the refractories are formed of basic ma-
terials. R

These and other objects, which will be ap-
parent to those skilled in this particular art, I at-
tain by means of the structures and method de-

the hump, since there will be voids both inside g scribed in the specification and illustrated in the
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drawings accompanying and forming part of this

application.

In the drawings: .

Figure 1 is an elevational view looking toward
the inner or furnace chamber face of a section
of & side wall of & furnace chamber enclosure

structure embodying this invention;

Fig. 2 is an end elevational view of such wall
section; ’ .

Pig. 3 Is a sectional view taken on line
TII—III of Fig. 1 looking in the direction of the
AIrTows;

Pig. 4 is a perspective view of one type of full
length block or brick used in the make-up of
the wall section of Figs. 1, 2 and 3;

Pig. 5 is a perspective view of another type
of full length block of such figures;

Pig. 6 is a perspective view of one of the
shorter blocks utilized in the make-up of the
wall of Figs. 1 to 3 inclusive;

Pig. 7 is a perspective view of a still shorter
block; the blocks of Figs. 6 and 7 taken together
equalling the length of a full size block and being
utllized to offset the load carrying metal spacer
members; ’

Fig. 8 is an enlarged sectional view of a por-
tion of Fig. 2 and discloses four ferrous metal
reinforcing members and two cuprous metal load

carrying spacer members;

*  Pig. 9 is a perspective view of one of the fer-
rous metal reinforcing members such as may be
used in a furnace enclosure structure embodying
this invention;

Fig. 10 is a fragmentary perspective view of
one of the load carrying spacer members;

Fig. 11 is an enlarged fragmentary view of &
pronged portion of the spacer member of Fig.
10 or the reinforcing member of Fig. 9; :

Fig. 12 is a perspective view of a modified form
¢f block or brick which may be used in an an-
chored wall or suspended roof structure embody-
ing this invention;

Fig. 13 is a perspective view of a companion
brick or block to be used in connection with that
of Fig. 12;

Fig. 14 is a side view in elevation of the blocks
‘of Figs. 12 and 13 nested together with load
carrying cuprous metal spacer members in place
therebetween;

PFig. 15 is a face view of two blocks or bricks
such as shown in Fig. 14. This view shows two
such blocks in side by side abutting relation with
the cuprous metal load carrying spacers occupy-
ing the positions shown in Fig. 14;

Figs. 16, 17 and 18 are diagrammatic views and
comprise a combination of basic bricks, load
carrying spacer members and hypothetical tem=-
peratures and are used for the purpose of de-
scribing the behavior of the baslc bricks in an
ordinary wall and in the wall embodying cer-
tain features of the invention of this application.

I have found that I can overcome the diffi-
culties occasioned by the expansion differential
between the furnace chamber face and the out-
side face of a wall formed of basic refractories,
as well as those occasioned by the hump that
occurs when the temperature equilibrium through
such wall is reached. I do this by including in
2 furnace chamber wall, shim-like, metal, load

- sustaining spacer members which are so placed
ab to sustain load on opposite sides of the cen-
ter of mass of the wall, and to provide spaces
%ithin which the bricks of such wall can grow
under furnace heating up or operating tempera-
tures; such spacer members being capable of
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4
softening and then meilting away when the hump
is completely formed and is in condition to take
its share of the load.

In making the vertical wall section of a fur-
nace chamber enclosure structure disclosed in
PFigs. 1, 2 and 3, which embodies the invention
of this application in its preferred form, I pref-
erably use chemically bonded basic brick having
standard dimensions of 3’° x 6’/ x 13%"’. In-
stead of bricks of standard form, however, I
preferably use bricks of the type disclosed in an
application filed by me on February 14, 1944
and Serially Numbered 522,259, now Patent No.
2,476,423,

These bricks are reinforced by means of fer-
rous metal reinforcing members which are lo-
cated within pockets formed in the bricks and
which are of such size with relation to the re-
inforeing members that such members can oxi-
dize and swell without exaggerating the hump,
as is the case where standard reinforcing plates
or jacketed or plated bricks are used.

Referring to Figs. 1 to 3 inclusive, the wall
section there disclosed comprises rows of inter-
locked basic brick 20, 21, 22, and 2ia. These
are arranged in groups each of which is prefer-
ably four bricks high and three rows wide.
Each group, therefore, includes three bottom
bricks 22, six intermediate bricks 20, three two-
third length top bricks 21 and three one-third
length top bricks 2{a; the combined lengths of
bricks 21 and 2ia being but 1315’ and instead
of being special bricks, these can be broken from
one brick.

Bricks 22 (Fig. 4) have one wide face 23 which
is smooth while the opposite wide face is pro-
vided with a triangular tongue 24. Aside from
the tongue 24, such wide face is also provided
with a shallow groove 25 extending from the
apex of tongue 24 to the adjacent end of the
brick, and identical sub grooves 2§ located on
opposite sides of tongue 24 and which terminate
short of the furnace chamber end of the brick,
as shown in Fig. 4. 'The forming of sub grooves
26 which terminate short of the furnace cham-
ber end of the brick leaves side flanges 21—21
and end flanges 28—28 which form refractory
barriers between the sub grooves and the fur-
nace chamber.

Bricks 20 (Fig. 5) have one wide face pro-
vided with a tongue 24, a groove 2§, sub grooves
26 and flanges 27 and 28. The opposite wide
face is provided with a groove 28 of a size such
as to co-operate with a tongue 24.

Each of bricks 21 and 21g has one wide side
plain and smooth and the opposite wide side
provided with a groove 29.

When the tongue of a 20 or 22 brick engages
the groove of an adjacent brick, a pocket is
formed between the engaging bricks. The base
or furnace chamber end of each triangular
tongue 24 (whether in a wall, roof or floor brick)
is located in the inner or furnace chamber face
of the wall as disclosed in Fig. 1. Since the
thickness of tongue 24 equals the depth of groove
28 plus the height of flanges 27 and 28, sub
grooves 26 and groove 25 are closed to the fur-
nace chamber but open to the outside atmos-
phere. : : .

The ferrous metal reinforcing members (sheet
iron, sheet steel or heat resisting chrome alloy
steel) disclosed in Figs. 9, 3 and 8, and having a
thickness of about +s’’, comprise a solid body
portion 30 and leg portions 31.

Each leg portion 31 has holes 32 punched



therein from one side. This punching operation
is performed, in this case, by a pointed punch
which, in forming the hole, forces the displaced
metal outwardly to provide prong-like protuber-
ances 33 around the hole. These protuberances
or prongs project about %’’ more or less beyond
the pronged face.

These reinforcing members are placed within
grooves 25 and sub grooves 26 with the ends of
the prongs in contact with the bottom of sub
grooves 26; the face of body portion 30 lying in

- contact with the bottom of groove 25. There is
slight clearance hetween the body portion 30 and
the walls of the pocket 25. This clearance allows
atmospheric air to enter sub grooves or pockets
26 to facilitate oxidation of the legs of the rein-
forcing members.

The volumetric capacity of these sub grooves
or pockets with relation to the volume of metal
in legs 31 of the reinforcing members when oxi-
dized, is such that such legs when oxidized may
fill, but will not overfill such sub grooves or
pockets. My .reinforcing members, therefore,
will not increase the size of the hump nor will
there be any tendency for them to force the
bricks apart as they oxidize.

Load carrying expansion compensating
spacer members

For each foot of wall height, I include in the
make-up of each row of bricks my load carrying
expansion compensating members 34. These
spacer members are preferably formed from cop-
per strip of 14 or 16 gauge, and, like the brick re-
inforeing members are provided with prongs or
protuberances similar to prongs 33, produced by
the same method as used in connection with the
formation of the prongs in the brick reinforcing
members. A portion of one such-spacer mem-
ber is shown in Fig. 10. .

These spacer members preferably have a
length equal to the width of three bricks and a
width of from 2 to 3 inches. The effective over-
all thickness of each spacer member is approxi-
mately from 7 to %4’’. This includes the strip
thickness and the length of the prongs. Their
load carrying capacity depends upon the number
and spacing of the prongs and therefore the
number of punched holes.

While these spacer members could extend
throughout the length of the bricks, nothing
would be gained and if so used, they would pro-
duce through-openings in or passages through
the wall which of course would be objectionable.
They would also waste copper. In order to pre-
vent these passages or through-openings, the
spacer members are made in two parts, as dis-
closed in Figs. 2 and 3 and one such part is used
in conjunction with bricks 21 and the other
with bricks 2ia. In other words, the two parts
of each spacer (in reality there are two spacers)
are offset, one part being used on top of brick
21 and the other part below brick 2iq. This
offsetting by the spacer members blocks off by
refractory material the passages or openings
formed in the furnace chamber enclosure struc
ture by such spacer members. :

The spacer shims having a length substan-
tially equal to the width of three bricks lock the
three rows of bricks in each bundle fogether.
These spacers, located as they are on opposite
sides of the center of mass of the wall form a
stable support means and insure against any
‘teetering that might occur if they were close

9,561,088
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together, were narrow and were located near the
center of mass of the structure. -

In laying up the wall, wood strips 35 are used
to space the bundles or groups of bricks apart
for the purpose of providing room for the bricks
to grow transversely. These strips are removed
after the wall is completed, since they probably
would not burn away rapidly enough to accom-
modate the expansion.

All vertical walls embodying this invention
should be laterally braced. Since the wall is
solidly loaded, these braces may not be needed
in bringing the wall up.to operating tempera-

_ ture and probably will not be needed throughout’
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a continuous operating period. Lateral braces,
however, are necessary for the vertical walls of
a furnace chamber, if the furnace is to be cooled
down after the inner spacer members have been
melted away. When this happens, the whole
downward load will be supported by the outer
spacer members, and with the center of mass lo-
cated inwardly of the outer spacer members, the
lateral braces or ties are necessary to prevent
the wall from tipping inward.

As shown in Figs. 2 and 3, the body portions
30 of the brick reinforcing members are secured,
as by welding, to lateral braces 36. These braces
are located between buckstays 37, and by such
buckstays and I-beams 38 of the steelwork of
the furnace, are held in place but allowed to
move vertically as the wall expands and con-
tracts.

In structure where it is not convenient or
practical to utilize short bricks for the purpose
of offsetting the load carrying spacer members—
structures such. as suspended roofs, sprung
arches, linings for rotary kilns, furnace. door
linings, etc., offsetting can be obtained by using
special bricks.

In Figs. 12-15 inclusive, I have illustrated one
type of such bricks to take the place of bricks
22, 21 and 2la. Brick 39 can be used in place of
bricks 21 and 2la and brick 40 can be used In
place of brick 22. Brick 39, instead of having
one flat face opposite its grooved face’ is pro-
vided with a central projection 4i which is
adapted to fit within a central depression 42 in
brick 40. By utilizing bricks such as these, the
inner spacer member which in Figs. 14 and 15 is
numbered 43, is offset from the outer spacer
member which is numbered #44. Engagement
of projection 41 with slot 42 prevents a through-
opening in the structure.

If these bricks are to be used in suspended
roofs, furnace doors, rotary kiln linings and cer-
tain types of side walls, the bricks will be pro-
vided with slots at their outer ends for the re-
ception of hanger members as disclosed in Pat-
ents 1,913,168 granted to me June 6, 1933, and
2,387,594 granted October 23, 1945.

When g wall of this invention is installed, the
wall load is caried by the spacer members and of
course those portions of the refractories in ver-
tical alignment with the same. As the wall is
heated, the inner brick ends can expand into the
%'’ spaces between the inner spacer members
and the furnace chamber face of the wall. Then,
as the temperature increases throughout the
wall, the prongs of the spacer members sag as the
bricks expand.

‘When the inner spacer members reach 1981°
F., the melting point of copper, they melt away
and the load is assumed by the fully expanded
bricks (the humps). As the wall wears thin, the
humps move out to the outer spacer members




2,561,038

which behave In the same manner as the inner
members, that is, melt away and allow the fully
expanded wall to assume the remaining wall
The wall of this invention is thus solid when

in abutting relation, each such group being sep-
arated from adjacent groups by two load sus-
taining cuprous metal spacer members separated

" from one another 80 as to embrace opposite sides

installed and is solid throughout;the heating up .

and operatirg period from beginning to end of
the service campaign of the refractories.

Fig. 16 is a Tragmentary section of two agjacent
conventional basic bricks of the size herein re-
ferred to, thut is, bricks.in a wall 13)p" thick.

i0

This view shows the expansion.of such bricks .

when the .furnace chamber face of the wall
reaches 2100° F. This view shows the sharp
wedge caused by rapid expansion from 1700°. F.
to 2100° F. At a fast rate of heéating, the putside
face of the wall is still prohably cold, therefore
to have balanced loading, the upper brick would
take a sloped position as shown in this view. If
the buckstays and lateral braces prevent this out-

ward tilting, then the wall rises upwardly and.

produces voids between the outer ends of the
bricks causing the inside ends of the bricks to be
pinched by the total wall load. U ‘

Fig. 17 shows the expansion lines and loading
when the inside face of the wall reaches 3000°
F. and the wall is soaked through to temiperature
equilibrium. Here the point of maximum ex-
pansion is located about 414’/ in from the furnace
chamber face. In other words, the sharp wedge
forming the hump has moved. in so that it is
located between 1700° F. and 2100° ¥F. - '

This is the hump which must carry the load.
‘The wall, if it can bow, will take the position
shown in the upper brick. If bucked up from the
outside, the wall will teeter on the hump with
voids between both the inner and outer ends of
the bricks. : y

Fig. 18 shows the expansion lines and loading
at temperature equilibrium with the inside face
at 3000° F. Here, an inner spacing member is
assumed to be located 4’’ back from the inside

face so that it will carry the load as the tempera-.

ture of Figure 16 works into Figure 18. Here it
can he noted how the inner spacing meémber has
formed into a reverse wedge to compensate for
the wedge-shaped expansion of .the brick. . .
As the wall burns away, the inner spacer mem-
ber finally melts away and disappears and the
wall is' then carried on the outér space; member
and the brick hump. : ‘
Forming prongs on the spacer members is not
only for the purpose of saving metal, but to pro-
duce a member which will compress on a line as
nearly parallel fo the expansion line of the bricks
as is possible. The prongs weaken as they soften
and disappear when the spacer members melt.

T have selected copper as the preferred metal.

for the spacer members, since its melting point
occurs just ahead of the maximum expansion of
the brick. Brass can be used, if a lower soften-
ing and melting point is desired. Low carbon
steel can also be used, but its softening and melt-
ing points are rather high for the purpose. Cop-
-per has been found to be the preferred metal.

These spacer members can be used with any
refractories where the material from which they
are made when melted does not forme-a harmful
flux with the refractory material. .Neither copper,
brass nor ferrous metals will when melted harm
basic refractories in any way.

What I claim is: .

1. A furnace chamber enclosure structure com-
prising rows of refractory blocks, each such row
comprising groups of full length blocks arranged
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of a plane which includes the center of mass of
the structure and parallels its inner and outer
faces; one such spacer member being in contact
with the end face of one such group, the other
being in contact with the adjacent end face of the
adjacent group; such spacer members being sepa-
rated by refractory block material and being
designed to sustain the structure load and to
decrease in height and then melt away under cer-~
tain furnace operating temperatures to accom-
modate the increase in thickness of the re-
fractories due to such temperatures.

2. A furnace chamber enclosure structure com-
prising groups of basic refractory blocks, some of
the blocks in each such group being arranged in
abutting relation, others being spaced apart by
two metal spacer members one located adjacent
the outside face of each such group and the other
adjacent the point of greatest expansion in the
thickness of such blocks when temperature equi-
librium within the structure is attained, each
such spacer member comprising a sheet-like body
having protuberances extending from at least one
side face thereof to increase its effective thick-
ness, the construction and arrangement being
such that the spacer members located adjacent
such point of greatest expansion soften and then
melt away at the temperature at which such
greatest expansion occurs,

3. A structure as defined in claim 2, in which
the spacer members are made from cuprous
metal strips, are plate-like in the main and have -
prongs projecting from at least one face thereof.

4. A structure as defined in claim 2, in which
the spacer members contain iron, are plate-like
in the main and have prongs projecting from at
least one face thereof.

5. A structure as defined in claim 1, in which
the spacer members are plate-like in the main
and have tapered prongs extending outwardly
from at. least one side thereof.

6. A furnace chamber enclosure structure com=
prising groups of chemically bonded basic refrac-
tory blocks, some of the blocks in each such group
being arranged in abutting relation others being
spaced apart by two cuprous metal spacer mem-:
bers, one located adjacent the outside face of
each such group and the other adjacent the point
of greatest expansion in thickness of such blocks
when temperature equilibrium within the struc-
ture is attained, each such spacer member com-
prising a sheet-like body having protuberances
extending from at least one wide face thereof to
increase its effective thickness; the construction
and arrangement being such that the spacer
members located adjacent such points of greatest
expansion, soften ard then melt away at the
temperatures at which such greatest expansion
occurs.

7. A furnace chamber enclosure structure com-
prising rows of refractory blocks each such row
comprising groups of full length blocks arranged
in abutting relation, each such group being sep-
arated from adjacent groups by two load sus-
taining metal spacer members located on oppo-
site sides of a plane which includes the center of
mass of the structure and parallels its inner and
outer faces; one such spacer member being in
contact with the end face of one such group, the
other being in contact with the adjacent end face
of the adjacent group; such spacer members bee



2,561,933

10
ing separated by refractory block material and Number Name Date
being designed to sustain the structure load and 1,807,868 Nygaard ... June 2, 193¢
to decrease in height and then melt away under 1,929,073 MacDonald _. . __ Oct. 3, 1933
certain furnace operating temperatures to ac- 1,946,083 Lambie ... ____ Feb. 6, 1934
commodate the increase in thickness of the 5 2,125,192 Morlock v oo, July 26, 1938
refractories due to such temperatures. '2,148,054 Berlek _ocoeeeo o __ PFeb. 21, 1939
LEVI S. LONGENECKER. 2,230,141 Heuer v eeeeee Jan, 28, 1941
2,231,498 Geistler _ .. Feb. 11, 1941
REFERENCES CITED 2,319,065  KarmanocKy ....___ May 11, 1943
The following references are of record in the 10 2,462,289  Rochow ... Feb. 22, 1949
file of this patent: _ OTHER REFERENCES .
UNITED STATES PATENTS Page 297 of Trinks’ Industrial Furnace, vol. I,
Number Name Date third edition, published by John Wiley and Sons,
1,123,874 Hemmer ... ~=w- Jan. 5, 1915 15 New York, New York.

1410729 Balg o ____. Mar. 28, 1923




