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ABSTRACT OF THE DISCLOSURE 

In a shaft kiln hot zone, short and elongate burners 
positioned throughout the zone, the elongate burners 
being water cooled and having spaced ports over the 
burners, the ports arranged to open on the exterior of 
the burner on substantially the lower 180 degrees thereof. 

A shaft kiln is a refractory and metal structure which 
defines a long, narrow, hollow column or shaft through 
which raw materials may be passed to be burned. A raw 
material is charged at the top of the shaft kiln, and it 
passes progressively downward through preheating, cal 
cining or sintering and cooling zones. Air for combustion 
and heat transfer is introduced =at the bottom «of the kiln 
and passes, countercurrent to the raw material, upwardly 
through the kiln. Therefore, the cooling zone is located 
near thetop of the kiln, the burning Zone is located cen 
trally, and the cooling zone is located near the bottom of 
the shaft. Fuel, generally gas, is introduced through vari 
ous ‘burners located in the calcining or sintering zone. 
A primary desirable feature of a shaft kiln is its thermal 

efficiency. This thermal efficiency results because burned 
materials transfer most of their heat to incoming air be 
fore being discharged, «and exhaust gases transfer most of 
their heat to incoming raw material before escaping from 
the shaft kiln. If a shaft kiln was long enough, the exhaust 
gases and discharge materials could leave -at the same 
temperature they entered. Then if there were no heat 
losses through the side of the shaft kiln, it would operate 
as a perpetual-motion machine. It is, of course, impossible 
to prevent heat losses through the sides of the shaft kiln, 
and it is impractical to make the shaft kiln long enough to 
completely cool the exhaust gases and discharge mate 
rial. Nevertheless, it is still a primary object of shaft kiln 
operation to effect the most efficient heat transfer. 

Channeling of air and gas, especially along the walls 
of the shaft kiln, results in very poor kiln efficiency. One 
method of improving the heat transfer in a shaft kiln is 
to move the combustion air and fuel uniformly through 
out the charge material within the shaft kiln column so 
that heat created by the combustion of the fuel and air is 
transferred as much as possible t-o the charge and not to 
the shaft kiln walls. One technique for reducing channel 
ing and promoting uniform treatment of the charge is 
to be found disclosed in United States Patent No. 3,165, 
304, assigned to the same assignee as the present case. 
That patent is concerned with the introduction of com 
bustion air into the bottom of the shaft kiln. 

It is an object of this invention to provide burners 
placed so that the fuel is more evenly distributed through 
out the hot zone, thereby effecting more uniform heat 
transfer. It is another object of this invention to provide 
elongate, water-cooled burner construction for placing 
fuel uniformly within the sintering zone of a shaft kiln. 
Another object of the invention is to provide improved 
shaft kiln construction including a novel arrangement of 
burners. 

Briefly, according to one aspect of this invention, a 
shaft kiln is provided having elongate, water-cooled burn 
ers extending into the sintering zone. These burners have 
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spaced ports over the portion of the burner within the 
sintering zone arranged to open on the exterior of the 
burner so that they will not be plugged with falling dust. 
According to another aspect of this invention, an elongate 
burner is provided having a coupling end which posi 
tioned exterior a shaft kiln and a port end for position 
ing within the sintering zone of a shaft kiln. The burner 
is comprised of three elongate chambers, one being a fuel 
chamber and being substantially surrounded by two other 
chambers which are joined at the port end to constitute a 
water jacket. The fuel chamber has ports extending out 
ward therefrom in communication with the exterior of the 
burner. The ports are spaced over the port end of the 
burner and arranged to open on the exterior of the burner 
so they will not be plugged by falling dust. 

Other objects and further features and advantages of 
this invention will become readily apparent to those skilled 
in the «art from a study of the following detailed descrip 
tion with reference to the appended drawings. In these 
drawings: 

FIG. l is a schematic front elevation in section of a 
shaft kiln embodying the concepts of this invention; 
FIG. 2 is a plan 'section taken along line A-A in 

FIG. 1; 
FIG. 3 is a front elevation in section of an elongate 

burner according to the concepts of this invention; 
FIG. 4 is -a sectioned end view of the burner taken 

along the line C_C; and 
FIG. 5 is a sectioned end view of the burner taken 

along line D-D. 
FIG. 1 shows a front elevation in section of a shaft 

kiln embodying the concepts of this invention (the sec 
tion is along the line B-B shown in FIG. 2). The shaft 
kiln has an inlet 10 and an outlet 11 which enable the 
passage of the charge through the shaft or column 12. 
The shaft is defined by a refractory lining or wall 14 
held within an outer steel shell 15. 
The shaft is preferably ovaloid in section, as shown in 

FIG. 2, to minimize the distance from the center of the 
charge and nearest Wall. To facilitate this detailed de 
scription, approximate dimensions for a particular shaft 
kiln are given as follows: The shaft is about 2.0 ft. tall, 
the short axis of the oval cross-section is about 2 ft., and 
the long »axis about 8 ft. At the lower end of the shaft 
kiln is a plenum chamber 16 containing a combustion 
air inlet 18 and an air-tight valve 19 for removing the 
charge. The plenum chamber enables a positive pressure 
to be maintained at the discharge end 11 of the shaft 
kiln. The preheating, burning, and cooling zones are 
labeled on FIG. 1. 
The burning zone contains a plurality of spaced rows 

of burners 20. The rows are spaced about 2 feet apart. 
Each row contains a plurality of burners spaced more or 
less uniformly about the circumference of the shaft kiln. 
An exemplary arrangement of burners within a row is 
shown in FIG. 2. According to this invention, -at least one 
elongate water-cooled burner extends into the hot zone. 
Preferably, a plurality of elongate, water-cooled burners 
‘are spaced substantially alternately with short burners 
about a row so that the passage of charge through the 
shaft kiln is not substantially interrupted. This Áarrange 
ment is shown in FIG. 2, the elongate burners being 
labeled 20-L and the normal burners being labeled 2li-S. 
By short burners, we mean burners which do not extend 
into the shaft kiln, but deliver fuel to the edge of the 
charge. It is preferable if the elongate burners extend 
about one foot or about halfway into the shaft kiln. 
An optimal arrangement of burners, which provides 

maximum fuel distribution with minimum obstruction to 
descending charge, has been found in pairs of elongate 
and short burners positioned within rows substantially 
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opposite each other generally perpendicular to the long 
axis of the ovaloid cross-section. The elongate burners 
extend to about the long axis. The pairs are arranged so 
that moving around a row elongate land short burners 
substantially alternate. lf ’more than one row of burners 
is used, the pairs of burners should be arranged so that, 
moving vertically, substantially aligned elongate and 
short burners alternate. 

FIG. 3 is a front section of a water-cooled elongate 
burner used in the practice of this invention. The burner 
has an outer shell or perimeter 21 and an inner shell 22 
which, along with webs 23, deñne three chambers. Two 
chambers 24 and 25 substantially surround the third 
chamber 26. The surrounding chambers 24 and 2S con 
stitute a water jacket for the inner chamber 26, which is 
the fuel chamber. The fuel chamber has ports 28 which 
pass through the webs and are in communication With the 
outside of the burner and spaced along the end of the 
burner to be positioned within the hot zone, hereafter 
referred to as the port end. The ports are arranged to 
open on the surface of the burner so that they will not 
be clogged with falling dust, that is, on substantially the 
lower 180 degrees of the burner. It is also preferable that 
the ports open to the sides of the burner so that combus 
tion will not take place along the underside of the burner. 
The burner is provided with means 29 which enables it 
to be fastened to the shell 15 of the shaft kiln. This means 
may comprise a flange 30 welded to the burner contain 
ing an opening 31 whereby it can be bolted to a similar 
ñange 32 which is threadably attached to la spacer 34, 
which spacer is threadably attached to the shell of the 
shaft kiln 15. The burner also comprises means for intro 
ducing and removing cooling water 35 and 36. This 
means usually comprises threaded nipples for attaching 
a Water source. The burner further includes means 38 
usually threaded for attaching the gas source. 

According to this invention, g-as is introduced into the 
center of the burning zone by the elongate burners 
through the spaced ports. In this manner, combustion is 
substantially moved away from the walls of the shaft 
kiln. Better heat transfer is promoted and channeling is 
substantially prevented. Before the introduction of the 
elongate burners, we found that about 2 to 21/2 million 
B.t.u.’s per ton of magnesite were required for dead burn 
ing. Furthermore, the refractory lining 14 had to be re 
placed on the average of about every three or four 
months. After the introduction of the elongate burners, 
it was found that only 1 to 11/2 million B.t.u.’s per ton of 
charge was required, and the lining was in good repair 
longer than in previous experience. The fuel and refrac 
tory lining saved provides a much more economic oper 
ation. 
We have found that the outer shell 21 may be suitably 

fabricated from a 11/2” diameter schedule 40 pipe. The 
inner shell may be fabricated from a 2%1" diameter sched 
ule 40 pipe. One method of fabricating the burner is to 
divide the pipe used as the outer shell in two parts. The 
two halves are milled to accept the webs 23 which are 
welded to the inner shell 22. The two halves and the webs 
are then assembled and welded together. The parts ex 
tending outwardly from the inner shell 21 can be M3” 
holes drilled through the webs and the inner shell. 
Burners made accordingly can be extended at least one 
foot into the shaft kiln without being bent or distorted 
appreciably Iby the downward-moving charge. 
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Having thus described the invention in detail land with 

suñîcient particularity as to enable those skilled in the art 
to practice it, what is desired to have protected by Letters 
Patent is set forth in the .following claims: 
We claim: 
1. In a vertical shaft kiln including means defining pre 

heating, deadV burning, and' cooling zones in which a raw/ 
material charge moves from top to the bottom, the im 
provement comprising short and elongate burners posi- 
tioned in spaced rows throughout the dead burning zone: 
and extending into said dead burning'zone, the elongate: 
burners being water cooled and positioned alternately/ 
with short burners so that the downward ñow of the: 
charge is not interrupted substantially, said elongate: 
burners having ports spaced over the portion of the 
burners within the dead burning zone, said ports arranged 
to open on the exterior of the burner on substantially the 
lower 180 degrees thereof. 

2. The vertical shaft kiln according to claim 1 Áhaving 
an ovaloid cross-section and pairs of elongate and short 
burners positioned within spaced rows, said pairs beingv 
substantially opposite each other and generally perpen 
dicular to the long axis of the ovaloid cross-section, said 
elongate burners extending to about the long axis, said 
pairs being arranged so that moving horizontally around 
a row or vertically between rows substantially aligned 
elongate and short burners alternate. 

3. An elongate burner for use in a shaft kiln having 
a coupling end and a port end comprising :means defining 
three elongate chambers, one being a fuel chamber sub 
stantially surrounded by the other two chambers, said 
surrounding chambers being in communication at the 
port end and constituting a water jacket, the means form 
ing the water jacket including webs, said Webs extending 
between the means defining the fuel chamberl and the 
outer perimeter of the water jacket, and there being a 
plurality of ports extending from the fuel chamber 
through the webs and in communication with the exterior 
of the burner, said ports being spaced over the port end 
of the burner and on substantially the lower 180 degrees 
thereof, means on the burner for connecting the coupling 
end of the fuel chamber to a fuel source, means on the 
burner for connecting with water jacket to a water source, 
and means on the> burner for lattaching it to the shaft 
kiln. 

4. The burner according to claim 3 in which the ports 
open on the sides of the .burner such thatl combustion 
does not take place along the underside of the burner. 
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