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Claims. . (C. 2-10) 
This invention relates to metallurgical furnaces 

and has for its object certain improvements in 
metallurgical furnaces. The invention relates 
more particularly to improvements in the method 
of constructing a zinc metallurgical furnace, as 
Well as to the zinc metallurgical furnace itself. 
In its more specific application, the invention re 
lates to improvements in reduction retorts emi 
ployed in zinc metallurgical furnaces. 

In the operation of Vertical zinc retorts con 
Structed of refractory masonry, it has been found 
that the points at which such retorts first fail, 
that is the weakest parts of their construction, 
are the vertical joints between individual bricks. 
In the case of the horizontal joints, the pressure 
of the Superposed masonry appears to aid in 
keeping the cement in place and the bricks in 
position; so that the horizontal joints remain 
gas-tight and are capable of holding zinc vapor 
Without leaking longer than the vertical joints. 
Since leaks in a zinc retort SOOn render the re 
tort inefficient in operation, on account of loss 
of zinc vapor, and finally render it entirely in 
Operative on account of the tendency of Such leaks 
to increase progressively in size, the life of the 
retort may be increased by increasing the vapor 
tightness of its Weakest points; that is, the ver 
tical joints between adjacent bricks. 
Numerous attempts have been made in zinc 

reduction retort Construction to render Vertical 
joints tighter by the use of tongue-and-groove 
brick of the known type frequently used in re 
fractory masonry structures. These bricks have 
the advantage of offering a tortuous or zig-zag 
path in the vertical joints when the tongue and 
grooves mesh with one another at the ends of 
adjacent bricks. Such a joint obviously provides 
a longer filler of cement across the erals of the 
bricks opposed to one another, which assists in 
keeping the joint from Springing a leak. 
As a result of my investigation, I have deter 

mined on a type of vertical joint in the construc 
tion of built-up retorts with refractory bricks 
that has the advantages of a tongue-and-groove 
joint to an increased degree. A tortuous or zig 
zag filler of cement, similar to that obtained in 
the case of a tongue-and-groove joint, but foll 
lowing a more sinuous path than does that in 
the conventional tongue-and-groovejoint, is pro 
vided. Furthermore, the risk of failure to fill 
the vertical tongue-and-groove joints with ce 
ment is obviated. Other advantages are obtained 
as Will be clear from the description given below. 
The present invention accordingly contem 

plates a metallurgical furnace chamber, and more 

particularly a zinc vapor-tight reduction retort, 
comprising a non-permeable refractory Wall built 
of refractory brick with complementary vertical 
grooves in opposite end faces adapted to form 
vertical holes, and refractory plugs fitting in the 5 
vertical holes so that adjacent bricks are not 
Wedged apart and superposed courses of brick 
are not rigidly tied together. The refractory 
bricks are laid in an Ordinary Wall construction 
course by course, and the refractory plugs are em- 0 
bedded in cement in the holes formed by com 
plementary Wertical grooves, in such a way as to 
avoid Wedging bricks and courses apart. 
The refractory bricks used are of such size and 

shape and are so laid that expansion and con- 15 
traction may take place without transferring any 
objectionable strain on adjacent brickS. Expan 
Sion and contraction effects in individual brickS: 
are minimized by employing bricks constructed 
of temperature resistant material having a rela- 20 
tively low coefficient of expansion, particularly 
at the temperature normally employed in the 
metallurgical furnace. The bricks also have 
good heat conductivity, particularly for the con 
struction of zinc retorts; which are generally ex- 25 
ternally heated. Such materials as silicon car 
bide, magnesium oxide, aluminum oxide, zircO 
nium oxide and zirconium silicate may be emi 
ployed to build the bricks. 
The refractory plugs are made of any Suit- 30 

able material. They are preferably made of the 
same material as the bricks. It will be clear that 
they may be made in any suitable size and shape, 
depending largely on the size and shape of the 
vertical grooves into which they are to be fitted. 35 
The built-up chamber or retort of the present 

invention is to be distinguished from the One 
piece or monolithic retorts commonly used in the 
reduction of zinciferous materials, Even though 
the refractory materials are carefully Selected, 40 
monolithic retorts made therefrom tend to spring 
cracks during operating conditions. This is 
particularly true of the so-called Belgian type re 
torts which are formed by pressure molding with 
plastic refractory clay materials. These retorts 45 
are then baked in order to harden and strengthen 
them. Stresses and strains set up in any section 
of the retort are readily transferred to other 
parts of the retort, and in this manner tand to 
crack the retort wall. The monolithic nature of 50 
the retort, does not provide a relief for these 
stresses and strains. In the construction con 
templated by the present invention, on the other 
hand, each individual brick will for the most part 
be able to handle its own stresses and strains due 55 
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2 
to expansion and contraction effects without rup 
ture; and without transferring them to an ad 
jacent brick. This safety feature is provided in 
part by the bricks themselves and in part by the 
cement employed in the novel jointS. 
In order to avoid the formation of a monolithic 

structure, a joint filler or cement is employed be 
tween the bricks that is at least slightly plastic 
under normal operating conditions. When the 
built-up retort or chamber with its many joints 
is brought to an elevated temperature, Small 
stresses and strains are unavoidably set up. Dif 
ferences in expansion in different parts of the 
structure are also set up. These stresses and 
strains, expansion and contraction effects, in the 
individual bricks, may be largely relieved by flow 
in the cement or filler in the joints. In this man 
ner, cracks are substantially avoided. 
Any suitable mortar or cement material may 

be employed in the joints. In the practice of the 
present invention, an admixture of finely divided 
silicon carbide, a small amount of a binder, Such 
as dried sulfite liquor, for example, and a Small 
amount of clay have been employed. The ce 
ment is made sufficiently plastic by the addition 
of regulated amounts of water; but it has Suff 
cient density to leave a real body of silicon car 
bide in the joints when the Water is evaporated. 

Refractory bricks of various sizes and shapes 
may be employed. Refractory bricks of the 
standard rectangular type are advantageously 
used, particularly in the construction of a rec 
tangularly shaped retort. Circular bricks may 
of course be employed in the construction of cir 
cular or cylindrical retorts. The brick are pro 
vided with the necessary complementary grooves 
along their ends, so that when the refractory 
plugs are inserted a joint is provided that follows 
a tortuous or zig-zag path characteristic of the 
invention. 
The vertical grooves in the bricks are so placed 

as to lie opposite each other or vis-a-vis when the 
bricks are laid in courses to form a Wall. An 
open hole is left in or near the center of the ver 
tical joints. It will be clear that this hole may be 
made to assume any desired shape, by fixing the 
shape of the vertical grooves in the ends of the 
bricks. The hole is then filled by a plug of Such 
size, that it, together with sufficient cement to join 
it with the adjacent bricks, can be inserted in the 
hole without forcing the bricks apart; and thus 
avoid disturbing their even and accurate arrange 
ment in the wall. The refractory plugs, fur 
thermore, are so fitted in each vertical groove Or 
hole that they will not force apart the lower or 
upper course of bricks. The bricks are prefer 
ably laid in such a manner that the vertical joints 
are in staggered relation one to the other. 
These and various other features of the present 

invention will undoubtedly be better understood 
if reference is made to the accompanying draw 
ing, taken in conjunction with the following de 
scription, in which: 

Fig. 1 is a perspective view of a brick with ver 
tical semi-circular grooves in the same; 

Fig. 2 is a detailed view of a circularly shaped 
plug adapted to be inserted in the grooves between 
adjacent bricks of the type illustrated in Fig. l; 

Fig. 3 is a perspective view of a rectangularly 
shaped built-up vertical zinc retort provided with 
vertical joints according to a practice of the in 
vention, and constructed with bricks of the type 
illustrated by Fig. 1 and plugs of the type illus 
trated by Fig. 2; 

Fig. 4 is an elevation of a wall constructed in 
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accordance with the invention showing a vertical 
section through a joint with a plug and cement in 
place; 

Fig. 5 is a section on the line 5-5 of Fig. 4, 
showing a detail view of two bricks of the type 
illustrated by Fig. 1 and the plug illustrated by 
Fig. 2 assembled in place in the Wall; 

Fig. 6 is a perspective view in part of a brick 
with vertical semi-elliptical grooves in the ends; 

Fig. 7 is a detailed view of an elliptically shaped 
plug adapted to be inserted in the grooves be 
tween adjacent bricks of the type illustrated by 
Fig. 6; 

Fig. 8 is a transverse horizontal section in part, 
illustrating the plug of Fig. 7 in position when 
employing bricks of the kind illustrated by Fig. 6. 

Fig. 9 is a perspective view of a brick with 
vertical semi-diamond shaped grooves in the ends; 

Fig. 10 is a perspective view in part of a brick 
with vertical semi-square grooves in the ends; 

Fig. 1 is a detailed view of a plug adapted to 
be inserted in the vertical semi-diamond shaped 
grooves of the bricks illustrated by Fig. 9, as well 
as in the vertical semi-square shaped grooves of 
the bricks illustrated by Fig. 10; 

Fig. 12 is a transverse horizontal section of a 
vertical joint in part illustrating the plug of Fig. 
11 in position when employing bricks of the kind 
illustrated by Fig. 9; 

Fig. 13 is a transverse horizontal Section of a 
vertical joint in part illustrating the plug of Fig. 
11 in position when enploying bricks of the kind 
illustrated by Fig. 10. 

Referring to Fig. 3, it will be seen that the rec 
tangularly shaped vertical retort is constructed 
of refractory bricks 20, illustrated in Fig. 1. They 
are laid in horizontal courses, One course being 
superposed on another; and so that their vertical 
joints are in staggered relation one to the other. 
The bricks are provided in the instant case with 
vertical semi-circular grooves 2 at each end. 
These grooves are complementary So that when 
the bricks are laid end to end they form a common 
vertical hole or groove. Wertical plugs 22 fit 
into the vertical grooves. An even layer of cement 
23 is provided between adjacent bricks and around 
the plugs. 

It will be clear from the modifications shown 
in the drawing that various types of brick, groove 
and plug constructions may be employed in the 
practice of the invention. Instead of semi-circu 
lar grooves, semi-elliptical 24, semi-diamond 25 
and semi-square 26 grooves may be used, Such as 
shown in Figs. 6, 9 and 10, respectively. Thus, 
the plugs may or may not be provided with pro 
truding ears or shoulders 27. In the case of the 
detailed views of the circular plug of Fig. 2, the 
elliptical plug 28 of Fig. 7, and the Square or rec 
tangular plug 29 of Fig. 11, they are provided 
with laterally extending and vertically disposed 
ears Or ribs. 
The present preferred method of constructing 

the wall of a vertical retort in accordance with 
the invention is as follows: Preliminarily to the 
actual construction of the wall, the bricks, which 
should generally have their abutting flat Surfaces 
machined or ground, for each horizontal course 
are laid cut on a straight edge placed on any 
suitable flat surface and are carefully matched for 
thickness, Square ends and for over-all length. 
The refractory plugs are fitted into each vertical 
hole formed by the complementary grooves in the 
ends of the bricks, the ears or ribs being ground 
down, if necessary, so that no great pressure need 
be applied to insert the plugs into the vertical 
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holes; but at the same time the ears or ribs pref 
erably come into easy contact with the walls of 
the grooves. The bricks and plugs are advan 
tageously numbered in order to facilitate the lay 
ing out of the course in the retort setting. They 
are also advantageously soaked in water, so as to 
reduce absorption of water from the mortar or 
cement employed. 
A horizontal course is first laid in the usual 

manner, using every effort to have the joints 
filled with cement. The ends of the bricks should 
be accurately fitted. Wedges are inserted be 
tween each end of the course and the end Wall of 
the heating laboratory or chamber in which the 
retort is built; in order to prevent the vertical 
joints in the course from widening when the plugs 
are inserted in the vertical grooves. 
Cement is then placed in the bottom of the 

vertical grooves or holes, in which cement from 
the horizontal joint beneath may already be pres 
ent. In the case of a Superposed course, the 
cement at the bottom of each groove is stirred in 
order to break up the surface, and enough fresh 
cement to fill the hole about one-third is added. 
The entire brick. Surface of the hole is coated With 
cement by stirring, using a suitably sized stick 
or stirrer for the purpose. 
The plugs are “buttered' with cement, between 

the ears or projecting edges and on the bottom, 
and are then gently pressed into position, so that 
the excess cement at the bottom of the hole is ex 
truded around the plug, thus providing a cement 
filled joint. The result of this method of con 
struction is that the plug is imbedded in cement, 
resting on a bed of cement attached to the hori 
Zontal joint below and covered by a cap of cement 
attached to the horizontal joint above. Such a 
use of the refractory plugs tends to prevent fail 
ure to fill the vertical joints with cement. The 
courses of brick are preferably so laid that the 
vertical joints are Staggered. 

It will be observed that the refractory plugs of 
the form specifically described are not, strictly 
speaking, dowels or tie rods; that is to say, they 
do not lock one course of brick to the course of 
brick above it or below it. The courses of brick 
should not be locked together for the following 
reason: Walls of refractory furnaces, and in par 
ticular walls of vertical retorts, exposed to varia 
tions in temperature should have a certain flexi 
bility; that is, each course of brick should be 
able to move during expansion or contraction in 
dependently to a certain extent of the adjacent 
courses of brick. If the courses of brick were 
locked firmly, together by means of dowels or tie 
rods in accordance with the known methods of 
tying masonry together, the stresses and strains 
produced by the differential expansion or con 
traction of the naSonry On account of variations 
in temperature would soon result in cracks. In 
case plugs are used in the form of dowels or tie 
rods in the practice of the present invention they 
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must be set loosely enough to avoid tying the 
courses of brick firmly together. It will be fur 
ther noted that the refractory plugs inserted be 
tween the bricks are not intended as wedges to 
force the bricks into position; in fact, care must 
be taken that these plugs when inserted do not 
nove the bricks from their position, since this 
would displace their arrangement and distort and 
weaken the joints. The vertical holes formed 
by the complementary grooves between adjacent 
bricks have no reentrant angles and the refrac 
tory plugs do not key adjacent bricks together. 

3 
At least a three-fold advantage is secured by 

the use of refractory walls constructed in this 
manner for zinc retorts. In the first place, the 
vertical joints penetrating the wall of the verti 
cal zinc retort are rendered tortuous by the pres 
ence of the plugs so that these joints retain more 
efficiently the zinc vapor and other gases under 
pressure in the retort during the distillation of 
the charge of zinciferous material mixed with 
the reducing agent therein. The ears on the plugs 
assist in rendering the vertical joints gas-tight 
by narrowing the joint at its tortuous portion. 
In the second place, the operation of inserting 
the plugs tends to force a certain amount of added 
cement into the vertical joints so that there is 
less risk of leaving part of the vertical joints 
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deficient in cement. And, in the third place, the 
presence of the relatively large amount of cement 
in the joints insured by this method of construc 
tion tends to make them self-healing; on account 
of the plasticity of the cement at operating tem 
peratures slight ruptures in the cement joints 

20 

tend to close up. All these circumstances tend . 
to reinforce the weakest element in such a wall 
and thus to increase the life of the retorts con 
structed in this Way. 

It will be understood that the particular forms 
of groove and plug shown herein are given mere 
ly for the purpose of example and do not limit 
the invention; thus the grooves are shown as 
semi-circular in cross-section so as to form a 
cylindrical hole; and the plugs are shown as 
cylindrical in form with four ears. Obviously the 
number of ears may be varied as desired, or they 
may even in some circumstances be omitted. 
Likewise the grooves need not be semi-circular, 
but may be of any appropriate shape. The plugs 
intended for insertion in the grooves must con 
form at least roughly in shape thereto so as to 
fit loosely therein, so that they can be inserted 
without wedging the bricks apart in the construc 
tion of the wall; and if they are inserted as dowels, 
they should fit loosely enough to permit differen 
tial expansion and contraction of the different 
courses of brick. 
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While the invention has been particularly de 
scribed in regard to its practice in the case of a 
vertical reduction retort in zinc metallurgical fur 
naces, it will be understood that the principles of 
the invention are applicable in other metallurgi 
cal structures as well. Any suitable metallurgical 
chamber or furnace wall may be constructed in 
accordance with the practice of the present in 
vention. 

I claim: 
1. In a zinc metallurgical furnace, the combi 

nation comprising a zinc vapor-tight retort built 
up of flat faced refractory bricks having good heat 
conductivity and a low coefficient of expansion, 
each of said refractory bricks having at least 
one vertical complementary groove along oppo 
site ends to match a similar groove in an adja 
cent brick, refractory plugs smaller than each 
set of combined grooves fitting therein so that 
adjacent bricks are not wedged apart and super 
posed courses are not rigidly tied together, and 
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a cement disposed between adjacent bricks and 
around said plugs that is slightly plastic under 
normal operating conditions so that expansion 
and contraction effects in One brick are not un 
duly carried to an adjacent brick. 

2. A method of constructing a gas-tight fur 
nace wall of bricks joined by cement, which con 
prises laying superposed courses of bricks bonded 
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by cement, said bricks being provided with com 
plementary vertical grooves along their oppos 
ing ends, packing the vertical joints between the 
bricks with cement by partly filling the holes 
formed by the complementary grooves with ce 
ment and then forcing said cement into the Ver 
tical joints by inserting refractory plugs into the 
holes, said plugs fitting the holes too loosely to 
force the bricks apart. 

3. In a zinc metallurgical furnace, the com 
bination comprising a zinc vapor-tight retort 
Constructed of refractory bricks having comple 
mentary vertical grooves along their adjacent 
vertical faces, refractory plugs not longer than 
the height of the individual bricks fitting com 
pletely within said vertical grooves and suffi 
ciently small to prevent wedging apart of adja 
cent bricks, and a cement slightly plastic at ele 
vated temperatures separating adjacent bricks 
from one another and from the intervening plug. 

4. In a zinc metallurgical furnace, the com 
bination comprising a zinc vapor-tight retort 
constructed of refractory bricks having comple 
mentary vertical grooves along their adjacent 
vertical faces, refractory plugs of no greater 
length than the height of the brick positioned 
in said vertical grooves and sufficiently spaced 
from the adjacent bricks to avoid wedging the 
bricks apart, and a cement slightly plastic under 
normal operating conditions separating adjacent 
bricks from one another so that expansion and 
contraction in one brick are not unduly carried 
to an adjacent brick. 

5. A zinc retort built up of refractory bricks 
having complementary grooves along adjacent 
vertical faces providing vertical holes without re 
entrant angles between adjacent bricks when as 
Sembled in the built-up retort structure, refrac 
tory plugs positioned in the vertical holes between 
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adjacent bricks, said plugs having a height no 
greater than the thickness of the brick and hav 
ing their width and breadth less than the width 
and breadth of the vertical holes in which the 
plugs are positioned, so that adjacent bricks are 
neither wedged apart nor keyed together by the 
plugs and a cement disposed between adjacent 
bricks and around said plugs. 

6. A zinc retort built up of refractory bricks 
having complementary grooves along adjacent 
vertical faces providing vertical holes without re 
entrant angles between adjacent bricks when 
assembled in the built-up retort structure, re 
fractory plugs positioned in the vertical holes be 
tween adjacent bricks, said plugs having a height 
no greater than the thickness of the brick and 
having their width and breadth less than the 
Width and breadth of the vertical holes in which 
the plugs are positioned, so that adjacent bricks 
are neither Wedged apart nor keyed together by 
the plugs, and cement separating said faces of 
adjacent bricks from One another and from the 
intervening plug. 

7. A zinc retort built of refractory bricks with 
Staggered vertical joints, said bricks being pro 
vided with complementary vertical grooves along 
their opposing ends adapted to form vertical holes 
Of convex cross-section when the bricks are as 
Sembled, refractory plugs positioned in the ver 
tical holes between adjacent bricks, said plugs 
having a height no greater than the thickness 
of the brick and having their width and breadth 
less than the width and breadth of the vertical 
holes in which the plugs are positioned so that 
adjace: it bricks are neither Wedged apart nor 
keyed together and a cement disposed between 
adjacent bricks and around said plugs. 
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