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To all whom it may concern:

Beit known that I, Trromas A. Epison,aciti-
zen of the United States, residing at Llewel-
lyn Park, Orange, county of Essex, and State
of New Jersey, have invented a certain new
and useful Apparatus for Burning Portland-
Cement Clinker, of which the following is a
specification.

At the present time Portland or hydraulic
cement is produced by burning a mixture of
cement rock and limestone in long rotary
kilns lined with fire-brick and maintained at
a slight angle, the heat obtained being pro-
duced by the combustion of pulverized coal,
and a stack being connected at the upper end
to permit of the escape of products of com-
bustion and chemical decomposition. These
prior kilns have been constructed generally
of wrought-iron, which warps very consider-
ably under the effect of heat. For a number
of years preceding my invention the rotary
kilns which have been used for burning Port-
land or hydraulic cement by the dry process
have been of the standard length of about
sixty feet and an internal diameter of about
five feet, and although somewhat longer kilns
may have been suggested for the dry process
I am not aware that such kilns have been
practically utilized or any advantages discov-
ered therewith over the standard sixty-foot
kilns. With the standard sixty-foot kiln the
ordinary length of the combustion or clink-
ering zone—. ¢, that portion of the burning
fuel within whose longitudinal limits the
temperature is sufficiently elevated to effect
a complete clinkering operation—is about ten
feet, and this combustion zone extends from
a point about six or eight feet in from the
lower or discharge end of the kiln to a point
about eighteen feet from that end. Conse-
quently there is a zone of only about forty
feet or slightly more through which the gases
may pass in contact with the incoming ma-
terial in movement toward the clinkering
zone, and therefore since the bulk of material
is small the gases do not part with much of
their heat and pass up the stack at a very high
temperature, ranging, according to one inves-
tigator, from 1,500° to 1,800° Fahrenheit. Ob-
viously this heat is entirely lost. An addi-

tional loss inefficiency is also caused by the
fact that the material moves so rapidly toward
the combustion zone that ic does not part with
all of its carbon dioxid and considerable guan-
tities of carbon dioxid will be given off in the
immediate neighborhood of and within the

combustion zone, so as to increase the likeli-
hood of a part of the coal burning to carbon
monoxid, which sometimes becomes ignited
in the stack and may actually burn beyond
the stack in the outer air, and also in any
event restricting the amount of coal that can
be perfectly burned, limiting the longitudinal
limits within which combustion may take place
and requiring an excess of air which requires to
be heated, and therefore incursadditional loss.
The limitation of the length of the combustion
zone necessarily limits the amount of material
which can be supplied to the kiln and the rate
of progress of the material through the kiln.
The rate of progression of heat from the pe-
riphery to the center of a partially-clinkered
ball or other massis practically fixed and is but
slightly altered by raising the temperature to
which the mass is subjected. Hence to com-
pletely clinker the agglomerated mass of mate-
rial formed in the early stages of burning re-
quires a definite period of time before real
clinkering has advanced far beneath the sur-
face. By reasonof the limitations which have
thus been experienced in the practical oper-
ation of standard sixty-foot kilns it has been
found in practice impossible to increase the
output of good clinker much beyond ten bar-
rels of three hundred and eighty pounds each
per hour, and even then many of the clinker-
balls may not be fully clinkered throughout,
but may contain underburnt centers haying
no cementing properties whatever. In the
burning of cement under these conditions the
amount of pulverized coal used will vary from
about twenty-nine to thirty-three per cent. of
clinker produced or from about one hundred
and ten pounds to one hundred and twenty-
five pounds of coal per barrel of cement. It
it were attempted to increase the output of
such a kiln by introducing more material
therein and increasing the amount of fuel
burned, the combustion zone would be length-
ened,; but the loss due to the high temperature
of the gases would be enormously increased,
as well as the great loss due to the presence
of large quantities of carbon dioxid, causing
the coal to be burned to carbon monoxid in-
stead of dioxid, and in consequence the oper-
ation would be far less economical than at
present. On the other hand, if it were at-
tempted to increase the efficiency by increas-
ing the rate of progression of material through
the kiln, so as to bring a larger amount of in-
coming material in contact with the escaping
gases, sufficient time would not be allowed for
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properly burning the material, and the com-
bustion would necessarily be more seriously
affected by the generation of larger quantities
of carbon dioxid in the combustion zone.
Finally, if it were attempted to increase the
quality of the output by decreasing the rate of
progression of material through the kiln, so
as to thereby increase the time during which
the material would be subjected to the effect
of the clinkering temperature, the output
would not only be curtailed, but the efficiency
would be much reduced, for the reason that
there would be a smaller amount of incoming
material by which heat would be abstracted
from the furnace - gases and the radiation
losses being constant would be greater per
unit of output. It may be stated axiomat-
ically that the burning of Portland-cement
clinker should be characterized by the perfect
combustion of the minimum relative amount
of tuel in the presence of the maximum rel-
ative amount of cement material for a suffi-
cient time to result in the complete clinkering
of the latter. Asabove pointed out, the ideal
conditions are not realized in practice with
the standard sixty-foot kilns, since even with
the small amount of fuel practically burned
the combustion is likely to be seriously af-
fected by the generation of carbon dioxidin
the combustion zone, the efficiency is poor;
due to the imperfect combustion and to the
loss of heat in the escaping furnace-gases, and
the quality of the clinker produced is very
often imperfect, due to incomplete burning.

I have discovered that the ideal conditions
can be achieved by very greatly lengthening
the kiln without proportionately increasing
its diameter, whereby the relative proportion
of length to diameter will be approximately
one to twenty-seven instead of one to twelve,
as with present kilns. By reason of this
change I find it possible to perfectly burn
very large quantities of pulverized fuel in the
presence of enormous quantities of cement

material and at the same time carry on the

operations so efficiently as to require only
about seventy-five pounds (less than twenty
per cent.) or coal per barrel of clinker, and,
finally, to produce a clinkered material of
superior quality completely burned through-
out. »

In my earlier experiments with apparatus
for burning clinker for the production of Port-
land or hydraulic cement I had in mind prin-
cipally the effecting of economy in the opera-
tion by abstracting heat from the clinkered
material by discharging the same in a separate
cooling-cylinder through which entered the
air for supporting the combustion and by ab-
stracting heat from the gaseous products of
combustion by causing these gases to remain
for a considerable time in contact with the in-
coming material before the latter reached the
clinkering zone, and to this end in the first
form of kilns used by me I constructed the

!

the kiln could be considerably increased.
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apparatus of cast-iron sections, each support-
ed by separate rollers, whereby the length of
In
such apparatus I also lengthened the clinker-
ing or combustion zone by projecting two
streams of pulverized fuel into the kiln under
different projecting pressures and by preter-
ably causing the combustion zones to overlap
in order to thereby secure a considerable in-
crease in the length of the clinkering or high-
temperature zone proportional to the quan-
tity of fuel used, as described in my Patents
Nos. 759,856 and 759,357, dated May 10, 1904.

I have now found as a result of experi-
ment with kilns of my improved type that
there is a definite relation between the length
and diameter of the kiln, the extent of the
clinkering and combustion zone, and the load
of material that is passed through the clink-
ering zone at a given time, whereby a maxi-
mum output of material is secured with the
expenditure of a minimum amount of fuel per
unit of product. I have determined experi-
mentally from observations made with an ac-
tually-constructed device that if the highest
economy of fuelis to be obtained itis primarily
necessary to very greatly increase the length
of the kilnand at the same time to very greatly
increase the load of material supplied to the
same. I find that the best results are secured
when the kiln as compared with those now
in use is increased in length about two and
one-half times, or to about one hundred and
fifty feet, and when its internal diameter is
perfectly increased from six inches to a foot
or to about five and one-half feet. With a
kiln of substantially this size and substan-
tially these proportions it becomes possible
to perfectly burn a sufficient amount of pow-
dered coal as to extend the combustion and
clinkering zone to from thirty to forty feet
or more than three times that possible with
the present sixty-foot kiln. = At the same time
I find it possible to effectively and perfectly
burn this relatively large amount of powdered
coal over a relatively extended area in the
presence of from four to seven times the
amount of cement material in the kiln as
would be possible with existing structures.
With such a kiln there would be a zone of
somewhat more than a hundred feet in length
through which the combustion-gases wonld
pass in contact with many times more incom-
ing material than is the case in a sixty-foot
kiln, and in consequence the exit-gases are
cooled considerably below a red heat and prob-
ably nothigher than 1,000° Fahrenheit. Atthe
same time this long cooling or regenerative
zone permits the material to part with its car-
bon dioxid, all of which will be substantially
driven off by the time the combustion zone is
reached,so that there will be no tendency toim-
pertfect combustion,asis the case with the pres-
ent kilns. Inother words, with my improved

kiln I am enabled without materially increas-
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ing the diameter to perfectly burn a very
much larger amount of pulverized coal in the
presence of a proportionately larger quantity
of material and with such economy in prac-
tice as to require only about seventy -five
pounds of coal per barrel of clinker. I find
that the amount of the load bears a definite
relation to the internal diameter of the kiln,
and it may be considered as axiomatic in this
art that the greater the load that can be car-
ried ina kiln of a definite size the greater will
be the resulting economy. Thus with a kiln
of the usual diameter an increase of the load
of about four times that now employed would
give the best results; but to properly accom-
modate the added bulk of material it is essen-
tial that the length of the kiln and of the clink-
ering and combustion zone should be very
greatly increased, while the rate of feed of the
material and its progression should be such
that the load is kept constant. I prefer, how-
cver, to increase the internal diameter of the
kiln from six inches to a foot, so as to accom-
modate a load of from five to seven times
greater than that which is now carried, result-
ing in a greater absorption of heat from the
exit-gases by the larger burden and also per-
mitting of the production of a sufficient pres-
sure, due to the weight of the load against the
walls, to form a very thick coating over the
fire-brick lining. "When the cement material
has reached a heat sufficient to make it some-
what plastic and sticky, it forms a coating sev-
eral inches in thickness, which almost contin-
uously coversthe lining for that portion of the
kiln that is subjected to the higher tempera-
tures. Without the great pressure on the
interior of the kiln due to the very heavy load
which is being carried this protective lining
thus formed is neither even nor thick, and the
bricks become exposed to the high heats within
the kiln, which tend to rapidly destroy them.

By employing a long clinkering zone, as ex-
plained, I increase the length of time during
which the material is subjected to a clinker-
ing temperature, and therefore effect a com-
plete clinkering of the agglomerated balls or
masses.  Such a result depends on the speed
of rotation and the length of the clinkering
zone, since, as I have stated, an increase in the
clinkering temperature does not appear to ef-
fect a corresponding increase in the rapidity
with which the clinkering operation takes
place. 1 find, in fact, that by employing a
very long clinkering zone, so as to thereby in-
crease the time during which the material will
be subjected to a clinkering temperature, bet-
ter results are secured than with a shorter
clinkering zone, even if the temperature is
actually somewhat reduced. In the forma-

tion of a long clinkering zone it is preferable
to have two or more streams of fuel thrown
into the kiln by projecting devices of any de-
sired type, arranged so that the clinkering
zone will be formed from two or more sources

3

of fuel. With a long clinkering zone formed
by two or more sources of fuel thrown into
the kiln at different distances it is desirable
when the best economy and evenness of burn-
ing of the clinker are to be obtained that the
air, if used for the projection of the fuel,
should be only a small proportion of that nec-
essary for combustion, so that any whirls
which may be produced within the moving
column of combustion-air within the kiln shall
but slightly affect it.

Instead of projecting the pulverized coal di-
rectly into the kiln parallel to the longitudi-
nal axis Ifind that the best resultsare secured
when the nozzles are so arranged as to pro-
ject the fuel against the bore of the kiln with
a glancing effect and at an angle to the longi-
tudinal axis in order that the projected air
and fuel will partake of a spiral course through
the kiln. It the pulverized fuel is projected
directly into the kiln substantially parallel
to the longitudinal axis, the heat is not only
objectionably localized, but the projected air
being substantially unretarded passes too rap-
idly through the kiln to secure the best re-
sults. By so directing the projected air that
the streams of burning fuel will partake of a
spiral course the heat is not only more gen-
erally diffused, so as to extend the clinkering
zone more uniformly around the entire bore
of the kiln, but the projected air is retarded
to some extent, so as to thereby reduce its lon-
gitudinal movement through the kiln and
hence secure the best results in practice.

At the present time the effort is made to
insure proper regulation of the burning fuel
by regulating the amount of its feed and the
speed of the kiln. Such a practice is, how-
ever, ineffective, difficult of close regulation,
and is largely affected by atmospheric condi-
tions.  'With my improved kiln, owing to its

increased diameter, to its greatly-increased’

length, and to the very much larger quantity
of fuel consumed, the draft is much greater
than with present kilns, and it is therefore
necessary in order to secure perfect regula-
tion to employ a damper arranged in the
stack so that it becomes possible when the
kilnhas once reached the desired temperature
to maintain the supply ot fuel and incoming
material substantially constant, and at the
same time the operation is independent of at-
mospheric changes. By thus using a regu-
lating-damper in the stack the character of
the escaping gases can benoted, and upon the
appearance of any smoke thedamper requires
merely to be slightly opened to increase the
dratt and secure thereby an added quantity
of oxygen to make the combustion perfect.
By thus maintaining the damper in such a po-
sition as to permit of a draft only slightly in
excess of that which would result in the for-
mation of smoke the combustion will be al-
ways perfect, all of the coal being burned to
carbon dioxid, and no heat is lost by heating
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an excess of air over what is required for
combustion. This would not be possible if
the dratt was not perfectly controllable to
meet the conditions of the weather and also,
as stated, if the kilns were not greatly length-
ened, so that by the time the material reaches
the combustion zone the carbon dioxid will
be driven off. With the ordinary kiln it
would not be so readily possible to regulate
the combustion by means of the draft in the
stack, even it a damper could be used in the
presenceof the extremely-hot escaping gases,
for the reason that the draft is relatively
slight, and is therefore not so susceptible of
regulation as with my improved kiln, and
also because no amount of regulation at the
stack would affect the imperfect combustion,
due to the presence in the neighborhood of
the combustion zone of large quantities of
carbon dioxid.

As I have above indicated, with my pres-
ent kiln I employ a cooling-cylinder through
which the clinkered material passes after leav-
ing the kiln and through which also the com-
bustion-air passes in the opposite direction to
abstract heat from the clinkered material. In
order to secure a maximum heating effect of
the entering combustion-air, I preferably ro-
tate the cooling-cylinder at a relatively slow
speed and provide it at its lower end with a
contracted discharge-opening, so that a large
bulk of clinkered material will be always car-
ried by the cooling-cylinder to thereby pre-
sent an extended surface over which the com-
bustion-air passes. Ialso preferably provide
the cooling - cylinder with radial wings or
flanges extending longitudinally, so that when
the cylinder rotates the clinkered material will
be carried upwardly by these wings or flanges
and be showered downward through the en-
tering air to increase the effect.

The features of my invention which I have
above generally outlined are essentially char-
acteristic of my apparatus, and I have referred
to them at some length in order to emphasize
their importance. There are, however, addi-
tional features of invention in the apparatus,
which T shall hereinafter describe and claim,
including details of construction and arrange-
ment by which the general efficiency of the
apparatus will be increased.

The invention therefore relates, in the first
place, to.a kiln for burning Portland or hy-
draulic cement of very much greater length,
preferably about one hundred and fifty feet,
and being preferably somewhat larger in di-
ameter than is now the practice, the length
being preferably from twenty to thirty times
the internal diameter instead of only about
twelve times the internal diameter, as with
present kilns, whereby I am enabled to per-
fectly burn very much larger amounts of pul-
verized coal over a greatly-extended combus-
tion zone and in the presence of proportion-
ately larger amounts ot cement material with

802,631

the practical economies and superiority of
productalready indicated; second, to the regu-
lation of the combustion within such a kiln by
controlling the draft by means of a damper in
the stack; third, to arranging the projecting
nozzles in such a way that the streams of burn-
ing pulverized fuel will be caused to partake
of spiral paths within the kiln, and, finally, to

details in the construction and arrangement -

of the kiln, all of which will be more fully de-
seribed and claimed.

In order that the invention imay be better
understood, attention is directed to the ac-
companying drawings, forming part of this
specification, and in which—

Figure 1 is a side elevation, partly in sec-
tion, of the kiln embodying my improvements
and illustrating the same in the preferred pro-
portions; Fig. 2, alongitudinal sectional view;
Tig. 3, an enlarged sectional view through the
kiln, illustrating paricularly the asbestos
layer between the outer shell and the fire-brick
lining; Fig. 4, asection on the line 44 of Fig.3;
Tig. 5, an enlarged sectional view showing
the upper end of the kilh and the stack with
the means for supplying the material to the
kiln; Fig. 6, an exterior view of the stack,
showing convenient means for operating the
damper; Fig. 7, an enlarged sectional view,
showing the lower end of the kiln, the cooler,
the fuel-bin, and the projecting nozzles; Fig.
8. a section through the cooler on the line 8
8 of Fig. 7; Fig. 9, a rear elevation of the
apparatus; Fig. 10, a horizontal sectional
view, on an enlarged scale, showing the rear
end of the kiln and the projecting nozzle;
Fig. 11, an enlarged detail view through a
part of the kiln, illustrating the reamed and
holding bolts, respectively, for securing the
sections of the kiln together; and Fig. 12,
a diagrammatic view illustrating the pre-
ferred generators employed in the operation
of the apparatus.

In all of the above views corresponding -

parts are represented by the same reference-
numerals.

The kiln is formed of cast-iron sections 1,
having flanges 2 bolted together and supported
onrollers3. The kiln is supported at a slight
inelination from the horizontal and is rotated
at the proper speed by amotor 4 of any suit-
able type. At its lower or discharge end the
kiln opens into a chamber 5 and discharges
the clinkered material into the cooling-cham-
ber 6, driven by a motor 7. At its upper end
the kiln opens into a chamber 8, from which
leads a stack 9 of any suitable construction.
The. cement material or ““chalk” is fed into
the kiln at its upper end by a screw conveyer
10, driven by a motor 11 and supplied by a
hopper 12; a scraper-conveyer 13 continuously
supplies -material to this hopper. 14 repre-
sents two fuel-projecting nozzles of any suit-
able construction for projecting two streams
of pulverized coal into the kiln at different
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distances to form extended clinkering zones,
which preferably overlap, as1 describe in my
Patents Nos. 759,356 and 759,357, dated May
10, 1904. The fuel for these nozzles is sup-
plied from a hopper 15 in any suitable way.
As previously stated, the amount of air for

forcing coal into the kiln is relatively small

as compared to the air necessary to support
combustion in order that the main column of
air (drawn in by the injective effect of the
two blasts and by the natural draft) may not
be seriously affected by any whirl or eddy-
currents to thereby retard the operation.
Preferably instead of using asingle roller tor
taking up the longitudinal thrust I employ
two rollers 16 16 for this purpose, so that it one
becomes broken the other will still perform its
function and hold the kiln from dropping off
the supporting-rollers 8. On its interior the
kiln is first lined with a layer of asbestos 17,
and on this layer are placed the usual fire-
bricks 18. My purposeof employing thelayer
of asbestos described is to reduce radiation and
offer a yielding backing for the fire-bricks, so
that when the latter expand under the heat the
asbestos also will yield, and thereby prevent
injury to the cast-iron shell. Since the fire-
brick lining 18 is not rigidly secured to the
shell, I prefer to employ angle-irons 19, Figs. 4
and 11, which extend longitudinally of the kiln,
50 as to prevent any circumferential shifting
of the fire-brick lining under the effect of the
heavy loads. At its upper end the fire-brick
lining is contracted somewhat to form a lip
20, which prevents the unburned material
from flowing out at the upper end even when
a very considerable quantity accumulates
within this lip. Asshown in Fig. 3, the fire-
brick lining is normally somewhat shorter
than the metallic outer shell to permit of the
longitudinal expansion of the lining under
the effect of the heat.  Asshown particularly
in Fig. 5, the conveyer 10 is arranged close
to the bottom of the kiln and extends sub-
stantially parallel with its longitudinal axis,
so that the material is packed into the kiln
in successive increments without the forma-
tion of any dust. Theconveyer passesthrough
a fire-bricksleeve 21, arranged in the inclined
partition 22 in the chamber 8 at the base of
the stack 9.  Any material which may settle
in the chamber 8 will accumulate in the bot-
tom of the partition 22 and will be prevented
from escaping around the kiln by a sheet-
metal washer 24, which closely fits the kiln,
as shown, and when it reaches a certain quan-
tity the excess passes into the kiln. The cool-
ing-cylinder 6 is preferably formed with a lip
25 at its lower end, so as to contract the dis-
charge-opening, and it is furthermore pret-
erably provided with radial wings 26 for the
purpose of elevating the clinkered material
and showering it downward through the in-
coming combustion-air., Preferably the mo-
tor 7 tor driving the cooling-cylinder is so

3

proportioned as to rotate the cylinder at a
relatively low surface speed to thereby per-
mit of the aceamulation of a large load of
material thereon, so as to present an extend-
ed surface to the incoming combustion-air.
From the cooling-cylinder 6 the material nor-
mally discharges through a hopper 26’ into a
conveyer 27', Figs. 7 and 9. If, however,
by accident the quality of the material is ob-
jectionable, the hopper 26’ may be shifted to
one side, 5o as to bring a chute 27 in line with
the cooling-cylinder, whereby material will
be discharged into the boot 28 of an elevator
29, Tig. 1, and by the latter carried to a suit-
able dump. In order that the hopper 26’ and
chute 27 may be simultaneously shifted, they
are both supported in a suitable frame car-
ried on wheels 30. The projecting nozzles
14 14, as shown, are supported on suitable
standards or other supports 31 and are pro-
vided with couplings 32, made of rubber tub-
ing, so as to permit the nozzles to be directed
in any desired direction. Instead of the flexi-
ble coupling 32 any other universal joint may
be employed, such as a ball-and-socket joint.
Leading into the back ends of the nozzles 14
are air-pipes 33, supplied with air at different
pressures. In practice one of these air-pipes
is supplied with air at a pressure of one hun-
dred pounds to the inch and the other with
air at a pressure of forty pounds; but these
pressures may vary within wide limits. Pul-
verized coal is supplied directly to the high-
pressure nozzle through a pipe.34 from the
coal-bin 15. Mounted within this bin at its
lower end is a small conveyer 36, which sup-
plies coal to the pipe 37, leading to the low-
pressure nozzle. The screw conveyer is
driven by a small electric motor 38. Pref-
erably the bin is provided with partitions 39
therein, on which material may accumulate.
By using these shelves I relieve the pressure
at the lower end of the bin, and therefore
prevent the material from packing, so that
the material freely enters the pipes 34 and 37.
In order to observe the interior of the kiln, I
provide a telscope 40, having a darkened glass.
Through this telescope may be observed the
line of demarcation between the material in
the clinkering zone and the material beyond
the clinkering zone, so that by regulating the
feed of the conveyer 36 the position of the
clinkering zone can be varied, as explained.
As shown, the nozzles 14 are directed at an
angle to both theverticaland horizonal planes
of the kiln, so that the projected fuel will
strilke the bore of the kiln with a glancing ef-
fect and at an angle to the longitudinal axis
thereof. This causes the fuel to partake of
a spiral course through the kiln, and this fact
may be observed through a telescope 40.
These spirals have been seen to preserve their
identity until combustion has been completed.
By causing the fuel to follow spiral paths
through the kiln, asl have explained, the heat
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time the projected air is retarded with the ad-
vantages before pointed out.

The hopper 12 for the unburned material
is preferably provided with shelves or parti-
tions 41, corresponding with the partitions
39, and which are used for a similar purpose.
Inordertoproperly regulate combustion with-
in the kiln, I provide the stack 9 with adamper
42, which may be operated in any suitable
way, as, for instance, by wires 43 from a hand-
lever44, asshown particularly in Figs. 5 and 6.

As 1 have before explained, the kiln is
formed with cast-iron sections, carried on sup-
porting-rollers 3. Preferably each section is
formed centrally with a rib 45 for strength-
ening the same against bursting strainsduring
casting. The sections are secured together
by bolts passing through their flanges, as
shown in Fig. 11. A certain number of these
bolts 46—say four for each section—are accu-
rately fitted within reamed openings within
the flanges, so as to center the flanges and hold
them in perfect alinement. The other bolts
47 may loosely engage openingsin the flanges
and are used merely for holding the sections
together. This construction provides for eco-
nomical manufacture without sacrificing ac-
curacy in any way. It is, in fact, essential
that the kiln as a whole should be constructed
with absolute rigidity and without any possi-
bility of any of its sections getting out of
alinement. This becomes possible by making
a kiln of cast-iron sections, as explained, so
that it does not warp or become distorted un-
der the effect of heat and by carrying the
rollers 3 on the foundation 48, Fig. 1. made
integral and continuous throughoutand pref-
erably formed of concrete, so as to constitute
a base for sustaining the rollers 3 against any
possibility of derangement in practice.  Con-
sequently the only movement of the kiln rel-
atively to the supporting-rollers is due to the
longitudinal expansion or shrinkage of the
kiln under changes in temperature; but by
mounting the thrust-rollers 16 at or near the
center of the kiln it will be obvious that the
maximum expansion with respect to the sup-
porting-rollers 3 at the ends will be only sub-
stantially half as much as it would be if the
thrust-rollers were mounted at one end of
the kiln.

The motors 11 and 38 for controlling the
feed of the unburned material and fuel, respec-
tively, are preferably controlled by an oper-
ator stationed adjacent to the projecting noz-
zles or guns 14. The preferable electric con-
nections are shown in Fig. 12, wherein the
motor 4 for driving the kiln is illastrated as
also driving a pair of small generators 49,
whose fields are shown as being connected
across a supply-circuit 50, each field including
acontroller 51. Thearmatures of these gen-
erators-are shown as being connected in series
with the armatures of the motors 11 and 88,
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respectively. The fields of the motors 11 and
38 are shown as being constantly excited from
the supply -circuit 50. Consequently each
motor 11 and 38 is provided with a constantly-
excited field within which works an armature
supplied with a regulable current, dependent
of course upon the fields of the generators 49.
It thus becomes possible by means of the con-
troller 51 to regulate the strength of the fields
of the generators49, resulting in a correspond-
ing variation in the output of these generators
and a corresponding regulation in the speed
of the two subsidiary electric motors, while at
the same time by operating the generators 49
from the motor 4 a breakdown of the latter,
resulting in the stoppage of the kiln, will re-
sult automatically in arresting the feed of the
fuel and unburned material to the same, as
will be understood. '
As already indicated and aside from certain
details of construction and combination and
for which novelty will hereinafter be claimed,
the characteristic feature of my improved kiln
resides in the great length which I have adopt-
ed and the essentially different relation be-
tween the length and internal diameter as
compared with the existing kilns. In other
words, the length of the kiln is preferably
about two and one-half times that of standard
kilns, or about one hundred and fifty feet. 1
do not consider it practicable under exist-
ing conditions to substantially increase this
length,owing to the great expense which would
be thereby involved, and although the length
may be decreased to as low as one hundred
feet such a change will result in a substan-
tially proportionate decrease in practical effi-
ciency. In any event the length of the kiln
should be such as to permit of substantially
perfect combustion of the fuel and to result
in the substantially complete elimination of
carbon dioxid from the material before the
latter reaches the combustion zone. The rela-
tive proportions of my improved kiln as to
the length and internal diameter are prefer-
ably about twenty-seven to one——. ¢., one hun-
dred and fifty feet to 5.5 feet—instead of sub-
stantially twelve to one—. ¢., sixty feet tofive
feet—as with the present kilns, and although
these proportions may also be somewhat va-
ried changes therein may affect the efficiency.
By making use of a kiln of great length, asde-
scribed, whose diameter is much less than one-
twelfth of the length, as explained, it becomes
possible to perfectly burn therein great quan-
tities of pulverized fuel in the presence of
proportionately greater quantities of cement
material and to thereby result in the pro-
duction of an apparatus which not only turns
out from four to seven times as much clinker,
{(depéndent, of course, upon the load carried,)
but which also permits the clinker to be ob-
tained much more economically than with the
present kilns. By reason of the size and pro-

portions which :I have adopted I am enabled
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