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1. 

This invention relates to calcining apparatus, 
and more particularly to a vertical line kiln for 
calcination of smaller grades of limestone, o 
Spalls. 
Among the several objects of the invention may 

be noted the provision of a vertical lime kiln 
Which will at a high rate calcine small stone or 
Spalls and which will produce a consistently soft 
burned good lime, even from relatively impure 
Stone; the provision of a kiln of the class de 
Scribed which will produce controlled tempera 
tures throughout the entire cross section of the 
kiln; the provision of a kiln of the class de 
scribed which will consistently produce homoge 
neous line of high quality; and the provision of 
a kiln which involves only low capital investment 
and upkeep cost. Other objects will be in part 
obvious and in part pointed out hereinafter. 

In the accompanying drawings in which is il 
lustrated one of various possible embodiments 
of the invention, 

Fig. 1 is a diagrammatic view showing certain 
relationships which occur when burning large 
Stone; 

Fig. 2 is a view similar to Fig. 1 showing simi 
lar relationships when burning small stone; 

Fig. 3 is a vertical Section of certain parts of 
my new kiln; 

Fig. 4 is an enlarged vertical detail section 
taken online 4-4 of Fig. 3; and, 

Fig. 5 is an isometric view of a broken-away 
Section of the lower portions of the kiln. 

Similar reference characters indicate corre 
Sponding parts throughout the several views of 
the drawings. 

In the process of quarrying limestone in prep 
aration for the burning of lime, particularly if it 
involves mechanical crushing, a considerable por 
tion of the broken mass is of small size unsuitable 
for use in vertical kilns as formerly constructed. 
These Small stones are often called spalls. If 
there is a market for such small stones or spals, 
there is no great waste, but often the market is 
not able to absorb it and in some cases as much 
as 35% passes to the dump. This represents a 
great economic loss, which will tend to increase, 
as hand-operated quarries become converted to 
Inechanical Systems. 

Frequently rotary kilns are installed for the 
burning of these small sizes of stone, but such 
kilns are expensive and complicated besides be 
ing costly in respect to fuel requirements. SmaII 
line producers usually cannot afford them and 
even large producers of lime would often be bet 
ter off if they did not have them for various 
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reasons, one of the most important being their 
dust nuisance. 
In the rotary kiln, there is no gas flow through 

the mass of calcining stone, the main Stream of 
hot gases passing along the roof. Most heat 
transfer is by downward radiation which to be 
effective must be at an undesirably high temper 
ature. Also, since a rotary kiln acts as a ne 
chanical classifier, the largest of the limestone 
will repeatedly pass over the heat absorbing 
slope, thus becoming fiash burned, while the 
smallest will be shielded, coming out of the kiln 
possibly only partly burned. This tends to pro 
duce a nonhomogeneous product. 
In the case of vertical kilns using even large 

stone, the objection is that often the Outside of 
a large lump becomes overburned before the in 
side has been completely calcined. This is be 
cause of the temperature head that is required 
for heat to be conducted through to the inside. 
Also, the smallest of the charge which burns 
much faster must remain in the hot Zone, SOme 
times four times longer than necessary, awaiting 
completion of the burning of the larger of the 
stone. Even then there is often core which never 
becomes calcined and itself represents a loSS, in 
addition to the occurrence of a certain amount 
of recarbonation and occlusion of good line. 
Hence both rotary kilns with Small stone, and 

vertical kilns with large stone suffer from the 
high temperatures, resulting in heavy repairs. 
Also, the lime suffers impairment of quality. 
For most purposes only so-called Soft (low ten 
perature) and uniformly burned lime is a good 
lime and neither one or the other of Said kilns 
operating as specified is fully capable of produc 
ing it consistently. 
Time to be at its best should be burned at 

2000 F. or even less, when even relatively impure 
stone gives a fairly good line. But such low ten 
peratures are not feasible in the case of the ro 
tary kilns and would not be econonical With 
large stone in the case of the vertical kilns. 

High temperatures are not necessary if Small 
stone can be made properly to receive its heat 
directly from hot gases flowing past it. Small 
stone calcines very quickly if it properly receives 
its heat. Thus if the vertical kiln can be made 
successfully to burn small stone, the high tem 
peratures become unnecessary and lime can be 
made in quality better than that of any other 
kiln. 

I have found that a most important factor in 
calcination is the amount of stone surface which 
transirits heat, the kiln volume being relatively 
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unimportant. A Small kiln fillied with Small stone 
can be made of a much higher capacity at lower 
temperature than the large-stone kiln, provided 
the surface of the stone is made to function prop 
erly. This is because relative to Weight, Small 
Stone has relatively more surface area, than large 
stone. For example, 1%' stone may have six 
times the surface area of 8' stone. It is for this 
reason that, if properly manipulated, high capac 
ity may be obtained even at low operating tem 
peratures with Small stone in a vertical kiln. 
This invention results in a vertical kiln. Which 
burns small stone, heretofore rejected, better 
than Wertical kilns burned large stone heretofore. 

Referring now more particularly to Fig. 1, there 
is diagrammatically shown at the left the calcin 
ing zone of a kiln for large 8' stone. The height 
of this ZOne is indexed H, which is about twice its 
diameter, for example. At the top of the Zone 
exists all rock and at the bottom theoretically 
there exists all lime, assuming all core to have 
been burned out. As the lumps are converted 
from stone to lime, the phase boundary surface 
between stone and lime shrinks in area and the 
heat-transmission distance groWs. Thus the kiln 
height must be enough to allow time for the 
action to complete itself as the stone descends. 
At the right of Fig. 1 is plotted the phase bound 
alry Surface per cent of the original Surface 
against time, the core diameters being also indi 
cated in inches. Above the rectangular diagram 
is a circular diagram indicating the relative space 
within the calcining Zone of the kiln occupied by 
the Stone (CaCO3). 
In Fig. 2 is shown how, with stone of 4' diam 

eter, the relative height of the calcining zone 
may be halved and how the time of calcination 
is halved. This amounts to an increase in ca 
pacity. At the same time the relative space occu 
pied by the stone (calcium carbonate) is about 
50% of the calcining space. In other words, the 
kiln space is much more efficiently used. The 
present invention shows how to take advantage of 
these conditions, 

It should be observed that the rate of calcina 
tion is according to the temperature and the 
amount of heat-transfer surface, the higher the 
temperature and the more surface the stone pre 
sents the more heat will be absorbed by a given 
Volume of stone. The surface referred to is not 
the outer surface of the stone but rather the 
phase boundary surface between the lime and the 
linestone. Thus if the transfer surface can be 
increased, temperature may be decreased. 
When 8' lime-rock lump is reduced to 4' core, 

there will still be the original outer heat-gather 
ing surface but the calcining surface will be re 
duced to only one-fourth its original area and 
the Weight of the stone remaining will be only 
One-eighth. Therefore the calcination of this 
One-eighth of the original weight goes on under 
Very disadvantageous conditions. 

It is to be understood in connection with Figs. 
1 and 2 that they represent ideal conditions. 
They also show that it is stone surface that is 
important and not a mere large kiln volume, as 
formerly supposed. A smaller kiln filled with 
Small stone can be made of much higher capacity 
than a larger kiln filled with large stone, due to 
the greatly increased surface and also due to the 
greatly reduced distance of heat penetration. 
But the difficulty with burning small stone is 

to obtain a proper gas distribution through the 
Smaller voids which produce increased frictional 
resistance. The present invention provides this 
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4. 
proper distribution. The lower kiln height re 
quired is of help in that it tends to reduce the 
Overall frictional resistance. Thus higher operat 
ing efficiencies are feasible. 
My invention also minimizes “hanging' of the 

lime and in this connection I provide improved 
means for determining conditions within the kiln 
Without requiring examination of "hung' masses. 

Referring now more particularly to FigS. 3 to 
5, there is shown at numeral the outside me 
tallic sheath of the kiln in which is arranged a 
refractory brick lining 3. This forms the vertical 
kiln shaft. At numeral 5 is shown the lower 
part of an upper stone storage compartment A 
which from time to time is supplied through an 
upper inlet With fresh stone which gravitates 
downward. This compartment is not shown in 
its full length, nor is the inlet shown, these being 
conventional in the parts not shown. 
Below the storage Zone A is a pre-heating zone 

B constricted at 7 and below this is a hot calcin 
ing Zone C made with straight walls 9. At the 
lower end of Zone C calcination is completed. 
Below the Zone C is the gas injection region 
, details of which will be described. The cal 

cining Zone C extends down to this. Below the 
region is a cooling Zone D. The entire kiln 
rests upon a foundation f3. 
Just below the storage Zone A is provided a 

cool gas off-take cross-pipe fS. One connection 
of this pipe leads to an exhaust suction fan 7 
and the other leads to a pipe 9 which in turn 
is connected to a hot-Zone recirculating cross 
pipe 2. Pipe 2 connects with a recirculating 
suction fan. 23. Both pipes 5 and 2 bridge the 
kiln. Openings 25 are provided in the bottom 
of the pipe 5 and openings 27 are provided in 
the bottom of pipe 2. Within the pipe 2 are 
sliding covers 28 which may be moved into vari 
OuS positions to control the flow through the 
Openings 27 (see Fig. 4). Similar slides could be 
used in the pipe 5 but are not so necessary and 
are therefore not shown. These slides may be 
reached through doors 29 by means of hooked 
rods. They carry catch lips for the purpose. In 
return pipe 9 is a damper control 3. 
By means of the damper 3 and the slide 

COVerS 28 the gas in and from pipe 2 which 
reaches the recirculating fan 23 is blended or 
tempered, that is, enough relatively cool gas may 
be drawn into pipe 2 from pipe f 5 via pipe 9 
So that neither pipe 2? nor the fan 23 will be 
Overheated. Also, the slides 28 may be adjusted 
So that the distribution of gas flow through the 
Sections of the kiln below pipe 2 may be con 
trolled and evenly distributed. 
The fan 23 delivers tempered hot recirculat 

ing gas to recirculating pipe 33. This leads to a 
main combustion duct 35 in the base of the kiln. 
It will be understood that this duct 35 may be 
made up as a plurality of ducts if desired. The 
gas delivered to duct 35 from pipe 33 is used as 
a tempering agent for the combustion medium in 
the duct 35. This medium may be natural gas, 
producer gas or oil. The gas in pipe 33 is mostly 
CO2 which functions as an inert diluent for the 
combustible gas. 
From the pipe 33 is a branch pipe 37 which 

leads to a main tempering duct 39. This duct 39 
has individual connections 45 with branch ducts 
4 in firing walls 43 located crosswise of the base 
of the kiln. Slides 44 provide for individual con 
trol of the openings 45 between the duct 39 and 
the ducts 4. 
On the bottoms of the ducts 4 are openings 
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47 which lead to tempering ducts 49 in the walls 
4. Ducts 49 are parallel to ducts 4. These 
ducts 49 have lateral outlets 5 in the walls 43 
by means of which the hot recirculating gas is 
introduced into the fuel shaft, proper between the 
Walls 63. This gas acts as an inert mixing gas 
for more evenly distributing the combustion 
throughout the kiln section, and preventing local 
Overburning. Slides 53 individually control the 
openings ii. and sliding Wertical control Walls 35 
serve to Sectionalize passages 49 so that flow is 
Controlled from the outlets 5. The slides 44, 53 
and 55 may be reached through suitable doors 57 
in connection with the respective passages. All 
of the slides have hooked edges so that they may 
be moved by hooked reach rods. 
The main combustion duct 35 is connected 

through openings 59 with distributing ducts 6 
in the was $3. Openings 63 in the tops of the 
ducts 6 connect them with parallel fuel distri 
bution passages 65, the latter having lateral con 
bustion outlets 6 in the walls 43. The connect 
ing openings 63 are under control of slides 63 
reached for adjustment from doors . . . Passage 
59 is also controlled by a slide 3 reached from 
a door it. The relative positions of the slides 44, 
53, 55, 69 and 3 in Figs, 3 and 5 are in some 
instances different to indicate their adjustability, 

Between the walls 43 are openings 77 which 
lead to drawgates 79, two of these gates being 
used between each pair of walls, making eight 
in all. Short vertical walls separate the indi 
vidual openings 77. Air is forced into the kiln 
by a fan 8 , although some air also enters 
through the drawgates 3 and slots . The air 
from the far 8 is distributed by means of a 
lateral duct, 83 which has openings 85 connected 
with air distribution passages 8 in the bases of 
the Walls 3 he connections 85 are under con 
trol of Slides 83 reached from doors. 9. The ducts 
3 collanect With the inside of the kiln, through 
lower slots 3. These Siots 93 are also under 
control of a number of slides 95 which may be 
reached from said doors 9 . 

It will be noted that in respect to tempering 
gas, combustible and air, the controls provide 
for adjustinent of total volumes as Well as local 
distribution. The total volume of tempering gas 
in each wall 43 is controlled by the slide 44 and 
its distribution by the slides 53 and 55. Total 
voime of combustible in each Wall 3 is con 
trolled by the slides 3 and local distribution by 
the sides 69. Total air is controlled in each Wall 
53 by the slides 89 and local distribution by the 
slides 95. 

It will also be noted that the Several sets of 
longitudinal ducts in the firing walls form cross 
channels for fioW of tempering or diluent gas, 
combustible, and primary air. Thus, the upper 
ducts 49 form cross channels for flow of ten 
pering or diluent gas. The intermediate ducts 
65 form cross channels for flow of combustible. 
The lower ducts 8: form cross channels for iOW 
of primary air. 
An important feature of the invention is the 

use of the multiple, parallel firing bridge Walls 
53 providing multiple outlet, slots with the 
larger than usual number of drawgates 79. 

Ordinarily vertical kilns have at most four or 
less draw-hoppers whereas the present one has 
a greater number, eight in the present example. 
It will be noted that the Walls cause two 
Separate flows on opposite sides of each Wall 63, 
each flow being handled by one draw-hopper. 
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6 
This feature allows for a much more selective 
and accurate control of the flow. 
The construction also permits of the more pre 

cisely controlled introduction of combustible, 
tempering gas and air throughout a greater area, 
Of the kiln. 
From What has been said above it will be ap 

preciated that with small stone the voids left in 
the kiln (Fig. 2) are much smaller than those 
left in a large-store kiln (Fig. i.). Ehis increases 
the frietion against gas flow with the result that 
flame projection into the mass of stone cannot 
be very far, but I provide for injection at more 
points with better distribution over the kiln sec 
tion, as described. 

Also, the new manner of introduction of the 
tempering gas improves turbulence. This is part 
ly due to the fact that this gas is introduced at 
many Well-distributed points. Also the large 
Illumber of Well-distributed tempering gas out 
lets 5: are closely adjacent to a large number 
of Well-distributed combustible outlets 67. There 
are also a large number of air-outlet ports 93 at 
the bottom of the kiln. The result is that an 
Overall turbulent distribution of combustible, air 
and tengering medium is brought about through 
out the entire cross section of the kiln. Also, the 
Spaces between what may be called the burner 
walls 43 are relatively narrow, thus assuring ade 
quate penetration of gases throughout the masses 
foWing down between the Walls. The construc 
tion is feasible Since the low temperatures in 
Wolved will not burn out the walls 43 even under 
high rates of operation. 
In effect, the kiln is divided into various oper 

ative sections, the off-take pipe 5 being at the 
hotton of the Storage Zone A and at the top of 
the pre-heating Zone B. The recirculating pipe 
2 is at the bottom of the pre-heating zone B 
and at the top of the calcining zone C. The 
conbustible outlets 6 are at the bottom of the 
calcining Zone C and at the top of the cooling 
Zone D. The air outlets $3 are at the bottom of 
the cooling Zone D. Below the cooling zone is 
the discharge by way of the drawgates. 

It should be noted that, when natural gas is 
used as a fuel, individual ducts may lead to the 
individual burner ports 67 but otherwise the prin 
ciples of the invention would be the same. 

in former kilns using large stone the practice 
has been to allow the charge to “hang' from time 
to time, and then to examine its condition under 
the hanging portions through inspection ports. 
With a kiln such as the present burning small 
Stone, Such hanging does not usually occur al 
though. Once in a while it might. Trimming doors 
96 are provided for breaking in the lime if such 
a remote contingency occurs. Normal operation 
is with out hanging. Inspection of the condition 
of the lime can therefore not ordinarily be made 
th:"Ough the door's 93. For this inspection dead 
end observation ducts 97 are provided in the top 
portions of the bridge walls 33. By opaning end 
doors 99 the heat of the various zones across the 
kiln croSS Section may be gauged according to 
the Visible radiant conditions within the duct be 
i:3g examined. Both ends of these observation 
ducts 3, lay be opened to the exterior of the kiln 
for examination purposes although in the pres 
ent embodiment the duct 33 interferes. Thus by 
examining the radiant conditions within respec 
tive ducts 97, operating corrections may be made 
in the heating by adjustment of the various co 
trol slides mentioned so that the lime condition 
in various kiln sections may be controlled. 
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The examination ducts 97 are feasible with 
this kiln when using small stone because of the 
closely compacted nature of the small stone and 
lime around the Walls 43 which would not be the 
case with large rock. In other words, the gauged 
temperature within the ducts is truly representa 
tive of the lime condition inside. Also with Small 
Stone a certain Surface temperature is more a C 
curately indicative of the amount of lime which 
has been produced, but in the case of large stone 
the lime surface may be hot but there may still 
be a great amount of core. Thus with the pres 
ent invention the temperature as determined 
through the ducts 97 is a better gauge of whether 
the firing must be speeded up or slowed down 
in order to obtain optimum internal Operating 
conditions. 

It should be understood that while the inven 
tion is particularly directed to problems con 
nected with kilns for burning small stone, some 
of its advantages accrue also to kilns for large 
StOne. 

It is to be understood that if desired the Stone 
may be retained in the hot Zone much longer 
without impairing its properties by use of the in 
vention because of the fact that With Small Stone 
in this kiln the temperature may be kept at a 
relatively low point. It is temperature that does 
more harm in line manufacture than time of 
exposure to temperature. 
may be carried higher if desired, in fact, so 
high that even occasionally the core burns out 
entirely and so high that there is virtually no 
residual CO2 remaining, no portion of line being 
recarbonated. 
The number of Walls 43 is such that the Wall 

spacing will not be too great, that is, to ensure 
distribution of combustion throughout the entire 
areas between the Walls and between them and 
the shaft wall. In this regard it Will be noted 
from Fig. 5 that the spacing between walls is 
about double the space between the end walls 
and the shaft sides. This is because there are no 
burner outlets in the shaft sides. 
In view of the above it will be seen that the 

several objects of the invention are achieved and 
other advantageous results attained. 
As many changes could be made in the above 

constructions without departing from the scope 
of the invention, it is intended that all matter 
contained in the above description or shown in 
the accompanying drawings shall be interpreted 
as illustrative and not in a limiting Sense. 

I claim: 
1. A kiln comprising a vertical shaft having a 

pre-heating Zone and a calcining Zone, a cross 
pipe within said shaft located near the top of the 
calcining zone and having inlet means for hot 
gas from the calcining Zone, means connected 
with said pipe for recirculating said gas to a point 
at the lower end of the calcining ZOne, a Second 
pipe across the interior of said shaft and located 
near the top of the pre-heating Zone and having 
inlets for receiving cooler gas from Said pre-heat 
ing Zone, and a connection between said last- 6: 
named pipe and the first pipe whereby the cooler 
gas from the pre-heating ZOne flows through the 
first pipe and tends to Cool the latter and to 
temper the hot gas from the calcining Zone flow 
ing therethrough. 

2. A kiln comprising a Vertical shaft having a 
pre-heating ZOne and a calcining Zone, a croSS 
pipe Within said shaft located near the top of the 
calcining Zone and having a plurality of inlets for 
gas from the calcining Zone, control means for 

Thus in this kiln lime a 
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8 
the inlets, means connected with said pipe for re 
circulating said gas to a point near the lower end 
of the calcining Zone, a second pipe across the 
interior of said shaft and located near the top of 
the pre-heating Zone and having inlets for re 
ceiving cooler gas from said pre-heating zone, 
and a connection between said last-named pipe 
and the first pipe whereby the cooler gas from the 
pre-heating Zone flows through the first pipe and 
tends to cool the latter and to temper the hot gas 
from the calcining zone flowing therethrough. 

3. A kiln comprising a vertical shaft having a 
pre-heating ZOne and a Calcining Zone, a croSS 
pipe Within Said shaft located approximately be 
tween the calcining and pre-heating Zones and 
having inlet means for gas from the calcining 
ZOne, means connected with said pipe for recir 
culating Said gas to a point near the lower end 
of the calcining Zone, a second pipe across the 
interior of Said shaft and located approximately 
at the top of the pre-heating Zone and having in 
let means for receiving gas from said pre-heating 
Zone, a connection between said last-named pipe 
and the first pipe whereby the gas from the pre 
heating Zone flows through the first pipe and 
tends to cool the latter and the gas from the cal 
cining Zone therein, the inlet means in said first 
pipe consisting of a plurality of openings, and 
means for varying the flow through any particu 
lar opening. 

4. A kiln comprising a vertical shaft having a 
pre-heating Zone and a calcining Zone, a cross 
pipe Within said shaft located approximately be 
tWeen the calcining and pre-heating Zones and 
having a plurality of adjustable inlets for gas 
from the calcining ZOne, a Suction fan for with 
drawing gas from the pipe, means connected with 
Said fan for recirculating said gas to a point near 
the lower end of the calcining zone, a second pipe 
acroSS the interior of Said shaft and located near 
the top of the pre-heating Zone and having inlet 
means for receiving gas from said pre-heating 
ZOne, a Suction fan for Withdrawing gas from the 
Second pipe, a connection between said second 
pipe and the first pipe whereby some of the gas 
may be Withdrawn from the pre-heating zone and 
circulated through the first pipe tending to cool 
the latter and the gas from the calcining zone 
therein, and damper control means in the con 
nection. 

5. A kiln comprising a vertical shaft having a 
preheating Zone and a calcining zone, a cross 
pipe Within said shaft located between the cal 
cining and pre-heating zones and having inlet 
means for gas from the calcining zone, means 
connected with said pipe for recirculating said 
gas to a point near the lower end of the calcining 
Zone, a second pipe across the interior of said 
shaft and located near the top of the pre-heating 
ZOne and having inlet means for receiving gas 
from said pre-heating Zone, a connection between 
said last-named pipe and the first pipe whereby 
the gas from the pre-heating Zone flows through 
the first pipe and tends to cool the latter and the 
gas from the calcining Zone therein, the inlet 
means in Said first pipe consisting of a plurality 
of openings having controllable adjusting means 
for varying the flow to any opening, means for 
introducing gas from said recirculating means to 
a plurality of openings below the calcining Zone, 
and means for controlling flow through Said last 
named openings to control gas distribution in the 
calcining Zone. 

6. A vertical kiln comprising a pre-heating and 
a calcining Section, a plurality of burner walls 
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built across the base of said calcining section and 
determining a plurality of flows of calcined na 
terial between the walls, cross passages within 
the walls for carrying combustible gas, inert dil 
uent gas, and primary air, individual control 
means for the flows of gas and air to the burner 
walls, a plurality of inlets from said cross pas 
sages for admitting flow at various points to the 
inside of the hollow body, movable Slide valve 
means within said cross paSSages and reachable 
from the exterior of the kiln for controlling flow 
into the kiln through the various inlets, a first 
gas off-take near the top of the calcining section, 
a second gas off-take near the top of the pre 
heating section and connected with the first gas 
off-take, and branched means connecting the first 
off-take with the combustible gas passages and 
With the diluent gas channels respectively. 

7. A kiln comprising a hollow shaft having a 
calcining Zone, a firing wall across the base of 
Said shaft, said wall having a dead passage near 
its Upper end the interior of which is adapted to 
be observed from the outside of the -kiln to de 
termine by observation the temperature of na 
terial flowing past the upper edge of the wall. 

8. A kiln comprising a hollow Shaft, having a 
caicining Zone, a firing Wall across the base of 
Said shaft, passages in said Wall connected by in 
letS With the interior of the shaft, Said passages 
being for combustible gas, inert gas, primary air 
and the like, said Wall having a dead passage near 
the upper end the interior of which is adapted to 
be observed from the outside of the kiln to deter 
mine by observation the temperature of material 
flowing past the upper edge of the Wail. 

9. A kiln comprising a vertical shaft compris 
ing a pre-heating Zone, a calcining Zone and a 
COOling Zone, a plurality of firing Walls across the 
base of the shaft at the lower end of the calcin 
ing ZOne and Within the cooling ZOne, upper chan 
nels in said walls for inert diluent gas, cross chan 
nels in said walls below the diluent gas channels 
for combustible gas, each of said channels hav 
ing a plurality of Outlets into the shaft, CiOSS 
channels at the lower ends of Said walls for pri 
mary air, each air channel having a plurality of 
Guties into the shaft, means for Variably coin 
trolling the amount of gas flowing into each cross 
channel, individual control means. Within the 
channel for controlling entry of gases into the 
shaft, through said outlets, all of Said control 
means being reachable from the exterior of the 
shaft. 

10. A kiln comprising a vertical shaft compris 
ing a pre-heating Zone, a calcining Zone and a 
cooling zone, a plurality of firing Walls across the 
base of the shaft at the lower end of the calcin 
ing zone and within the cooling ZOile, upper 
channels in said walls for inert diluent gas, cross 
channels in said walls below the diluent gas chall 
nels for combustible gas, each of Said channels 
having a plurality of inlets into the shaft, CrOSS 
channels at the lower ends of Said Walls for pri 
mary air, each air channel having a plurality of 
inlets into the shaft, means for Variably coin 
trolling the total amount of gas figWing into each 
cross channel, individual control means Within 
the channel for controlling entry of materials 
into the shaft through said inlets, all of Said con 
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trol means being reachable from the exterior of 70 
the shaft, an off-take pipe extending across the 
shaft at the upper end of the calcining Zone hav 
ing a plurality of inlets, control ineans in Said 
cross-pipe operable from the exterior of the Shaft 
for controlling distribution of flow from the shaft 75 
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into said pipe through said inlets, and connec 
tions from said pipe to said diluent gas channels 
and to said combustible gas channel. - 

11. A kiln comprising a vertical Shaft Compris 
ing a pre-heating Zone, a calcining Zone and a 
cooling Zone, a plurality of Substantially parallel 
firing walls across the base of the shaft at the 
lower end of the calcining zone and within the 
cooling Zone, upper channels in Said Walls for in 
ert diluent gas, cross channels in said walls be 
low the diluent gas channels for combustible gas, 
each of Said channels having a plurality of in 
lets into the shaft, croSS channels at the lower 
ends of said walls for primary air, each channel 
having a plurality of inlets into the shaft, means 
for variably controlling the total amount of gas 
foWing into each cross channel, individual con 
trol means Within the channel for controlling 
entry of materials into the shaft through said in 
lets, all Of Said control means being reachable 
from the exterior of the shaft, an off-take pipe 
extending across the shaft at the upper end of 
the calcining Zone having a plurality of inlets, 
Control means in Said Cross-pipe operable from 
the exterior of the shaft for controlling distribu 
tion of fioW from the Shaft into Said pipe, con 
nections from said pipe to said diluent gas chan 
nels and to the Said combustible gas channel, 
Said Walls being Spaced apart a distance Small 
enough to ensure distribution of combustion 
throughout the entire Space between walls. 

12. A kiln comprising a vertical shaft compris 
ing a pre-heating Zone, a calcining Zone and a 
cooling Zone, a plurality of firing walls across the 
base of the shaft at the lower end of the calcin 
ing Zone and Within the cooling zone, upper 
channels in Said Walls for inert diluent gas, cross 
channels in Said Walls below the diluent gas 
channels for combustible gas, each of said chan 
nels having a plurality of inlets into the shaft, 
CFOSS channels at the lower ends of said walls 
for primary air, each channel having a piurality 
of inlets into the shaft, means for variably con 
trolling the total amount of gas flowing into each 
CrOSS channel, individual control means within 
the channel for controlling entry of materials 
into the shaft through said inlets, all of said con 
trol means being reachable from the exterior of 
the shaft, a hot-gas off-take pipe extending 
across the shaft at the upper end of the calcining 
ZOne having a plurality of inlets, control means 
in Said Cross-pipe operable from the exterior of 
the shaft for controlling distribution of flow from 
the Shaft into said pipe, connections from said 
pipe to Said diluent gas channels and to the said 
Combustible gas channel, a cool-gas cross-pipe 
in Said Shaft near the upper end of the pre-heat 
ing Zone, and a connection from Said last-named 
CrOSS-pipe to said first-named CrOSS-pipe for cool 
ing the first croSS-pipe and tempering the gas 
flowing therein, 

13. A kiln comprising a vertical shaft compris 
ing, a pre-heating ZOne, a calcining Zone and a 
cooling Zone, a plurality of firing wallis across the 
base of the shaft at the lower end of the calcining 
Zone and within the cooling Zone, upper channels 
in Said walls for inert diluent gas, cross channels 
in Said Walls below the diluent gas channels for 
combustible gas, each of said channels having a 
plurality of inlets into the Shaft, cross channels 
at the lower ends of Said walls for primary air, 
each channel having a plurality of inlets into the 
Shaft, means for variably controlling the total 
amount of gas flowing into each cross channel, 
individual control means within the channel for 
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controlling entry of materials into the shaft 
through said inlets, all of said control means be 
ing reachable from the exterior of the shaft, an 
off-take pipe extending across the shaft at the 
upper end of the calcining zone having a plurality 
of inlets, control means in Said croSS-pipe Op 
erable from the exterior of the Shaft for control 
ling distribution of flow from the shaft into Said 
pipe, connections from Said pipe to Said diluent 
gas channels and to the Said combustible gaS 
channel, a cross-pipe in Said shaft near the up 
per end of the pre-heating Zone, a connection 
from said last-named cross-pipe to said first 
named cross-pipe, and damper control means in 
Said connection. - 

14. A kiln comprising a vertical shaft having 
a pre-heating zone and a calcining zone, a first 
gas intake within Said shaft located near the top 
of the calcining Zone, a Second gas intake Within 
said shaft in said pre-heating zone, a connection 
between said gas intakes, and means connected 
With Said first gas intake for withdrawing the 
Cooler gaS from Said Second intake through Said 
connection and said first intake, whereby said 
cooler gas tempers the hotter gas in Said first 
intake, and for delivering said tempered gas to 
a point at the lower end of the calcining zone. 

15. A kiln comprising a vertical shaft, a por 
tion of the shaft constituting a calcining zone, a 
plurality of substantially parallel firing walls ex 
tending across the shaft at the base of said zone, 
each firing Wall having vertically spaced longi 
tudinal ducts therein and a plurality of lateral 
outlets from said ducts to the interior of the shaft, 
One of Said ducts constituting a channel for flow 
of combustible gas, the other of said ducts con 
stituting a channel for flow of diluent gas. 

16. A kiln comprising a vertical shaft, a por 
tion of the shaft constituting a calcining zone, 
a plurality of Substantially parallel firing Walls 
extending acroSS the shaft at the base of Said 
Zone, each firing wall having an upper longitu 
dinal duct therein for flow of a diluent gas, an 
intermediate longitudinal duct therein for flow 
Of combustible gas, a lower longitudinal duct for 
flow of primary air, and a plurality of lateral out 
lets from each of Said ducts to the interior of said 
Shaft. 

17. A kiln comprising a vertical shaft, a portion 
of the shaft constituting a calcining zone, a plu 
rality of Substantially parallel firing walls ex 
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tending across the shaft at the base of said Zone, 
each firing wall having vertically spaced longitu 
dinal ducts therein and a plurality of lateral out 
lets from Said ducts to the interior of the shaft, 
one of said ducts constituting a channel for flow 
of combustible gas, the other of Said ducts con 
stituting a channel for flow of diluent gas, means 
for controlling the total flow of combustible gas 
to said one duct, means for controlling the total 
flow of diluent gas to the other duct, and control 
means within each of Said ducts for individually 
controlling the flow through Said outlets So as to . 
distribute said combustible and inert gases 
throughout the cross section of the kiln. 

18. A kiln comprising a vertical Shaft, a por 
tion of the shaft constituting a calcining Zone, a 
plurality of Substantially parallel firing walls ex 
tending across the shaft at the base of Said Zone, 
each firing Wall having Vertically Spaced longi 
tudinal ducts therein and a plurality of lateral 
outlets from said ducts to the interior of the shaft, 
One of said ducts constituting a channel for the 
flow of combustible gas, the other of said ducts 
constituting a channel for flow of diluent gas, 
means for controlling the total flow of com 
bustible gaS to said One duct, means for control 
ling the total flow of diluent gas to the other duct, 
and control means within each of Said ducts for 
individually controlling the flow through said 
outlets So as to distribute said combustible and 
inert gases throughout the cross section of the 
kiln, said control means comprising slide valves 
Within said ducts reachable from the exterior of 
the kiln for controlling the flow through indi 
Vidual groups of Said outlets. 

19. A vertical kiln comprising a vertical shaft 
having a pre-heating Zone and a calcining zone, 
a plurality of burner walls built across the lower 
end of Said calcining Zone and determining a plu 
rality of flows of calcining materials between the 
Walls, each wall having longitudinal ducts therein 
for carrying combustible gas, inert diluent gas 
and primary air, respectively, and a plurality of 
lateral outlets from each duct to the interior of 
Said shaft, means for controlling the total fiow 
of combustible gas, diluent gas, and primary air 
to their respective ducts, and movable slide valve 
means within each of said ducts and reachable 
from the exterior of the kiln for controlling flow 
through the outlets of said ducts. 

VICTOR. J. AZBE. 


