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TFo -all whom. it may concern:

Be it known that I, Tmomas A. Episox, a
citizen of the United States, residing at
Liewellyn Park, Orange, county of Essex,

and State of New Jersey, have invented a

certain new and useful Method of Burning
Portland-Cement Clinker, of which the fol-
lowing is a specification. :

My invention relates to an improved proc-
ess or method of burning Portland cement
clinker, the present application being a di-
vision of my Patent No. 802,631, granted
Oet. 24, 1505. :

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 firebrick 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 consid-
erably under the effect of heat. For a num-
ber of years preceding my invention, the ro-

tary kilns which have been used for burning .

Portland or hydraulic cement by the dry
process have been of the standard length of
about 60 feet, and an internal diameter of
about five feet, and although somewhat
longer kilhs may have been suggested for
the dry process; I am not aware that such
kilns have been practically utilized or any
advantages discovered therewith over the
standard 60 foot kilns. With the standard’
60 foot kiln, the ordinary length of the com-
bustion or clinkering zone (¢. ¢., that portion.
of the burning fuel within whose longitudi-
nal limits the temperature is sufficiently ele-
vated to effect a complete clinkering opera-
tion) is about 10 feet, and this combustion
zone extends from a point about 6 or 8 feet
in from the lower or discharge end of the
kiln to a point about 18 feet from that end.
Consequently, there is a zone of only about
40 feet, or siightly more, through which the
gases may pass in.contact with the incoming

. material in movement toward the clinkering

zone, and therefore, since the bulk of ma-

" terial is small, the ‘gases do not part with
- much of their heat.and pass up the stack at
_a'very high temperature, ranging, according
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o one investigator, from 1500 to 1800 de-

grees F. Obviously, this heat is entirely

lost. " An additional loss in efficiency is also

. caused by the fact that the material moves
o rapidly toward the combustion zone that .

it does not part with all of its carbon dioxid,
and considerable quantities of carbon dioxid
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will be given off in the immediate neighbor- - -

hood of and within the combustion zone, so
as to increase the likelihood of a part of the
coal burning to carben monoxid, which some-
times 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 incurs additional loss, The limi-
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tation 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
kilh. The rate of progression of heat from
the periphery to the center of a partially
clinkered ball, or other mass, is practically
fixed, and is but slightly altered by raising
the temperature to which the mass is sub-
jected ; hence to completely clinker the ag-
glomerated mass of material formed in the
early stages of burning, requires a definite
period of time before real clinkering has ad-
vanced far beneath the surface. By reason
of the limitations which have thus been éx-
perienced in the practical operation of stand-
ard 60-foot kilns, it has been found in prac-
tice impossible to increase the output of
good clinker much beyond 10 barrels of 380
pounds each per hour, and even then, many
of the clinker balls may not be fully elin-

- kered throughout, but may contain under-

burnt centers having no cementing proper-
ties whatever. In the burning of cement
under these conditions, the amount of pul-
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verized coal used will vary from about 29 to

33 per cent. of clinker produced, or from
about 110 pounds to 125 pounds of coal per
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barrel of cement. If it were attempted to .

increase the output of such a kiln by in-
troducing more material therein, and in-
creasing the amount of fuel burned; the com-
bustion zone would be lengthened, but the
loss due to the high temperature of the gases
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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 burnt to carbon monoxid instead of

'M@



“dioxid, and in consequence, the operation

. would be far less economical than'at present.
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'On the other hand, if it Wwere attempted to

increase the efficienicy by increasing the rate
of progression of material through the kiln

s0-as to bring a larger amount of incoming.

material in contact with the escaping gases,
sufficient time would not be -aﬁowed for
properly burning the material, and the com-
bustion would necessarily be more seriously
affected by the generation of larger quanti-

"“ties of carbon dioxid in the combustion zone.
. Finally, if it were attempted to increase the
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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 out-
put would not only be curtailed, but the effi-
ciency would be much reduced, for the rea-
son that there would be a smaller amount of

-incoming material by which heat would be

abstracted from the furnace gases, and-the
radiation losses beihg constant would be
greater per unit of output. -

It may be stated axiomatically, that the
burning of Portland cement clinker should
be characterized by the perfect combustion

of the minimum relative amount of fuel in

the presence of the maximum relative -

amount of cement material for a sufficient
time to result in the complete clinkering of
the latter. As above pointed out, the ideal
conditions are not realized in practice with
the standard 60 foot kilns, since even with
the small amount of fuel practically burned

“ the combustion is likely to be seriously af-
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fected by the generation of carbon dioxid in
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 proportion-
ately 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 quanti-
ties of pulverized fuel in the presence of
enormous quantities of cement material, and
at the same time carry on the operation so
efficiently as to require only about 75 pounds
(less than 20 per cent.) of coal per barrel of

clinker; and finally, to produce a clinkered

material of superior quality completely
burned throughout.
In my earlier experiments with apparatus

“for burning clinker for the production of
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Portland or hydraulic cement, I had in mind
principally the effecting of economy in the

‘operation, by abstracting heat from the

1,152,613

clinkered material by discharging the samie
intoa separate ccooling  cylinder through

~which passed the air for supporting the com-
‘bustion and by abstracting heat from the

gaseous products of combustion by causing
these -gases to remain for a considerable

“time in contact with the incoming material

betore the latter reached the clinkering zone,

“and to.this_end, in the first form of kilns

used by me, I constructed the apparatus of
cast-iron sections, each. supported by sepa-
rate rollers, whereby the length of the kiln
could be considerably increased. In such ap-
paratus, I also lengthened the clinkering or
combustion zone by projecting two streams
of pulverized fuel into the kiln under differ-

ent projecting pressures, and by preferably

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. 759,356 and 759,357, dated May 10th,
1904. T have now found, as a result of ex-
periment 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 clinkering zone at a given time, whereby
a maximum output of material is secured
with the expenditure of a minimum amount

‘of fuel per unit of product. I have deter-

mined experimentally from observations
made with an actually constructed device
that if the highest economy of fuel is to.be
obtained, it is primarily necessary to very
greatly increase the length of the kiln, and
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 150 feet, and when its in-
ternal diameter is preferably increased from
six inches to a foot, or to about five and one-
half feet. With a kiln of substantially this
size and substantially these proportions, it
becomes possible to perfectly burn a suffi-
cient amount of powdered 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 60 foot kiln.
At the same time, I find it possible to effec-
tively and perfectly burn .this relatively
large amount of powdered coal over a rela-
tively extended area in the presence of from

four to seven times the amount of cement .

material in the kiln that would be possible
with existing structures. With such a kiln
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there would be a zone of somewhat more =

than 100 feet in length through which the
combustion gases would pass in contact with
many times more incoming material than is

the case in a 60 foot kiln, and in consequence, . -
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