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1
In burning lime, a well=known: procedure in-
volves.charging ‘the :stone;. in-size-of ‘twoe-inch
pleces ‘orlarger, together: with: colke; into:the top
af & vertical: kiln, while:air‘for combustion is sup-

plied: by: a- blewer at the bottom. “This.procedure °

hasthe disadvantage:of tending to yield: products
lacking “in - desirable ‘uniformity ‘and freedom
from:unconverted .cores. ‘Another very: serious
disadvantage: where the:off .carbon: dioxide is uti-
lized is the requirement: of ‘pick-~up-cOMPressors
to take the gasileaving the kiln and compress it
up: to: arsuffieient:: pressure head ‘forfeeding to
apparatus! such:-as: earbonators, ete., for-its-use.
In.sueh-practice, ‘the -characteristic is operation
of “the -caleining ‘zone.: at-atmespheric. pressure.
In :accordance-with ‘the ‘present ‘invention, the
wcalcining and the *discharge :of ' carbon -diexide
is:earried:on ‘under-super-atmospheric “Pressure,
-and:with: advantages: in operation and preducts
as:will appear from: the following: description.
. .To the-accomplishment of ‘the foregoing and
related: ends, :the: invention, then, comprises the
features hereinafter fully described and: particu-
larly:pointed:out in the: claim, the:following: de-
seriptionand-the. annexed ‘drawing: setting forth
inidetail certain: illustrative-embodimerits of the
dnvention, these:being indicative, however, 6f but
sifewsof the: various. ways:in -‘which: the: principle
-of! the invention:may be:employed. :
~'The:isole::figure: is:ia schematic: vertieal sec-
tion: view 'of:an illustrative equipment: in: which
the:process may:be carried out.
. Inealeiningin accordance with: the'present in-
:vention, the;apparatus: employed may vary, One
‘form::of:zapparatus, shown in the drawing, in-
- volves -avvertical: shaft kiln K to: which-erushed
-Stone;vand fuel are'fed, ‘as by a-skip hoist P,
Jdhrough a coordinated  seal-6ff lock "I having
walves atiboth:ends so:as to-provide suecession
-Valved:gas-lock:zones: ot :the ‘top of the kilnh K.
«The:kiln: provides:a preheating zone P, s com-
bustion zone C where the admixed fuel burns,
and-a:discharge:zone I in: which the hot caleined
sroditret is: progressively ‘cooled: ‘to: discharge: by
& robatable table t:in.a cone bottom ¢ to & eo-
wordimated seal-off lock: L/ having valves.at both

-ends;;se-as:to provide: succession. valved: gas=Iock
-zones:ab: the-bottom: of the kilniK, -and then dis-

:eharged. ‘Super-atmospheric pressure 'is main-
stained:-in: the. kiln, .compressed : clean. -and:- ¢ool
+air being ferced by compressor A -into-the bot-
“vemy:and there: being no: release; the -combustion
#gas proceeds. under:pressure through its pipe G
“to:a cleanerand under pressure: to.a; storage point

sorpointiofiusage: It isrof courserrequired: to: be.
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2
capable.of withstanding the.operating: pressures
involved, and ‘in general: may . include a:mebal
jacket. .with refractory lining, and -in :upright
placement, and: having :air compressing -means
for forcing air into.the bottom:at a rate bo-de-
termine the. operating pressure-which  is:fo:-he
maintained in the -caleining chamber  or kiln,
and:.since the lime or calcined ‘product must: e
dis¢harged: from the high:pressure .container:to
the outside “atmosphere, :an -intermediate dis~
charge chamber with: a. cut=off-valve-leading to
the. calcining: chamber and-another cut-off valve
at the rdischarge :point to: the . atmosphere:in-
eludes: the generally: suitable: equipment: to:: per~
mit. the caleined - material to ‘be passed:out..of
the caleining chamber:into the discharge com-
partment, and by appropriate:alternate opera-
tion .of: the valves to-discharge the product to
the: outside.. . At the: top.of the kiln or:caleining
chamber, again a.separate compartment:with:a
valve between the calcining chamberand a:valve
-at-the.inlet: of :such: compartment, permits: feed
‘of raw-.material, and with:appropriate alternate

-operation.of such valves, movement:of: the ma-
‘terial without:interfering with the: high pressure
maintenance in: the calcining chamber, In en-
-gineering  practice, .the. general:construction: iof
sueh:. gas-locks :is known :and :may be :adapted
-variously. .One:formof rapparatits which may
‘be’ employed in:. earrying: out the: process:is:set

forth in my patent application Serial No. 782;099,
filed October: 25, 1947. -
While. the. burning. of :lime..and. :dolomite. is

:nost: cominonly : contemplated, :it. is.to be-seen

that: the present process:also: involves. other mas-
terials -yielding carbon. dioxide :in caleinstion.
The:stone torbe caleined is crushed to:desired
size, .and in: general this: is considerably smaller
than:in: the practice heretofore. While:in some
apparatus installations: gaseous: fuel:may be:enm=

‘ployed, most commonly: a:solid: carbonaceous:fuel,
preferably: coke,. is to'be:employed; and:in:mix-

ture: along  with: the erushed: ‘stome. | Depending

upsn:general cenditions; the;proportion: of :suech
rcoke-or: the:like:may: be:varied; but usually: it:is
‘preferred: to-employ:aboutansegual mumbey of

stone: and fuel-particles. “Withithe valve:between

:the:: caleining chamber ‘and the .charging com-
:partment closed and the:valve at.the inlet. ¢f the
:charging: compartment -open; the pressure:zone
iin:thescalcining: chamber is: duly maintained, but
-thestone charge ‘ean: be. introduced into: the
-eharging-compartment. ‘Then;:on: closing: theiin-
-let: valve: and: opening: the valve: to the: caleining
.chamber; the: material may:be emptied: thereinto,
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Any desired refinements of feed distributors may
be availed of if desired. None is required in small
kilns. In the calcining chamber, with progres-
sive feed as indicated and with supply of com-
pressed air forced in at the bottom, three gen-
eral zones of action are maintained. In the up-
per portion, the incoming stone and fuel passes
progressively downward and hot combustion
products from below pass countercurrently and
result in a heat exchange whereby the stone and

fuel is progressively heated up to the point of

combustion in the central zone of the caleining
chamber, while the gas passing from the top un-
der high pressure has given up substantially all
of its heat and is fed into scrubbers or other
cleaning means and then to point of use, €. 8.
carbonators, or storage. Exit gas temperatures
not much above atmospheric are thus readily at-
tained. Simultaneously, since compressed air at
high pressure is being forced into the bottom of
the calcining chamber, in proceeding counter-
concurrently through the calcined product com-
ing from the center combustion zone, a heat ex-
change zone on the calcined product is thus ef-
fective to progressively heat up the air to the
combustion zone and progressively cool the cal-
cined lime or magnesia or like product such that
it may be passed to the discharge compartment,
the outlet valve of the latter being closed and its
inlet valve next to the calcining chamber being
opened, and then on closing the inlet valve and
opening the outlet valve the calcined product
having given up its heat to the incoming air is
discharged to the atmosphere at a temperature
relatively low and permitting easy handling.

As the operating pressure maintained on the
kiln is determined by the pressure of the com-
pressed air forced in at the bottom, it is seen that
the control is relatively simple, and since no
compressors are required operating on the dis-
charge gases from the kiln, notable advantages
result. Cool clean air is handled by the com-~
pressing plant, and the volume is considerably
less than would have to be handled by com-
pressors to operate on the exit gas made up of
the produced carbon dioxide both of the cal-
cination and the fuel combustion plus the re-
sidual nitrogen from air supplies for combustion.
In an illustrative equipment thus, the power re-
quired to operate the air compressors in the
.present process is only about 72% of what would
be required to operate the kiln at customary at-
mospheric pressure and compression pick-up of
the exit gas. Additionally, the present procedure
eliminates the difficulties and high costs of main-
.tenance of compressors operating on exit gas.
Such gas, even after going through cleaner~
means, carries condensate substances and sul-
phur dioxide from the fuel, which are destructive
-on compressor equipment.,

In the customary operation. at atmospheric
pressure, the stone fed for calcining must be
relatively large, two inches and more, because
the draft through a mass of stone is progressively
.cut down as the stone size is decreased, and such
size is the minimum practicable in atmospheric
pressure operation. However, in super-atmos-
.pheric pressure as in the present invention, since
pressure drop of the gas through a bed of broken
solids is proportional to the density of the gas
and the square of the gas velocity, as the total
pressure of the gas is increased the density in-
.creases and the linear velocity decreases and the
over-all effect of increasing the operating pres-
.sure is to reduce the pressure loss proportion-
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ately; and since the pressure loss is also inversely
proportional to the size of the stone, it is seen
that for a given drop through the stone charge,
the size of stone can be reduced proportionately
to the increase in total pressure. Thus, in oper-
ating, for example, at 60 Ibs. p. s. i. abs., the
stone can be one-quarter the size of that for a
process operating at atmospheric pressure, and
yet the power required to force the air and gases
through the kiln is approximately ohe-quarter
that required when operating with the top at
atmospheric pressure, since it would be required
to compress only one-quarter the air volume to
provide for the pressure loss through the kiln.
For the same reason, if it be assumed that the
same amount of power is to be used to drive the
gases through a kiln operating at 60 lbs. p. s. 1.
abs. as is used for atmospheric pressure opera-
tion, the size of the stone can be one-sixteenth
smaller; or it would vary inversely to the square
of the operating pressure.

The stone for the present process may thus be
sized in accordance with the operating pressure
which is to be maintained, and in general may
be less than one-half inch. Conveniently, an
operating pressure of at least 50 1bs. p. s. i. abs,,
preferably around 69 lbs., may be employed. The
advantages of the invention, however, may be
realized in proportion, with lower or higher pres-
sures, all super-atmospheric.

An important result of this use of smaller size
stone in the charge is the improvement of the
uniformity of calcining, the amounts of un-
burned cores and over-burned stone being pro-
portionally reduced. And, it becomes possible to
calcine stone which is too small to be handled by
customary atmospheric-pressure calcining., As
the stone size is reduced, the size of the solid fuel
or coke also can be reduced, and operation be-
comes possible for instance with even coke breeze,
which is of very low cost compared with lump
coke. Economies in fuel cost result.

The capacity, or the fonnage of stone that can
be caleined in a given- kiln volume, depends on
the stone surface area and on the mass or weight
of air and gases flowing through it.- Operating
under a pressure of several atmospheres and
with stone size thus materially reduced, the stone
area per given volume is increased, thereby in-
creasing the capacity of the kiln, since the heat
transfer rate from the gases to the stone is in-
creased. The heat transfer rate and kiln capac-
ity increase also as the weight or mass flow for
a given cross-sectional area is increased, and
as the gas pressure is increased the density or
mass per volume increases. For a given linear
gas velocity and pressure loss through the kiln,
by operating under pressures above atmospheric,
an increase in kiln capacity results. The rate of
combustion of fuel also increases with the pres-
sure, being a function of the partial pressure
of oxygen.

It is interesting that the calcination of cal-
cium and magnesium carbonates follows the

thermo-dynamic properties of boiling water, that

is to say, the temperature remains constant dur-
ing calecination, just as it remains constant dur-
ing the boiling of water. The calcination tem-
perature is a function of or depends on the
partial pressure of the resulting gas or vapor, in
this case CO2. Also it is significant that as the
pressure and temperature of CO2 are increased,
the heat required for the calcination of the car-
bonates decreases, and finally reaches zero, very
much in the same manner as with water, which



2,634,119

5

at a pressure of 3206.2 p. s. 1. abs. at a tempera~
ture of 705.4° F., the liquid and the saturated
vapor contain the same total heat (no heat of
vaporization). Thus, as the calcining reaction
is carried on at pressures substantially above at-
mospheric, the heat required for the reaction de-
creases, with a correspending decrease in . fuel
requirement. Since also a pressurized kiln is
considerably smaller for the same capacity, it
follows that the heat loss from the shell is less
than that for a kiln for atmospheric pressure
operation, and a reduction in fuel requirements
results.

As a result of decrease in amount of fuel re-
quired per ton of stone calcined, the per cent of
COz in the exit gas increases, since less air is
required per ton of stone decomposed and con-
sequently the amount of diluent nitrogen is pro-
portionately reduced. With the present process,
richer CO:z gas is obtained, and this becomes of
importance for mahy kinds of usages.

From the standpoint cof lime or magnesia
products, it is seen that a calcining process oper-
ating under super-atmospheric pressure as here
contemplated, provides a uniformity which has
long been desired, and from the standpoint of
carbon dioxide produced, it provides a product
of high content and directly available in carbon-
ating operations or other usages. At the same
time, in the total operation the only compressor
action required to maintain the kiln pressure and
discharge the exit gas at desired pressure is at
the inlet of the equipment and operating on cool,
clean air.: Correspondingly there is a very sub-
stantial saving in compressor maintenance and
upkeep ‘as compared with any system having
compressors operating on off-gas which causes
deposits in the cylinders and valves and which
also contains more or less sulphur dioxide from
the fuel combustion. :

Other modes of applying the principle of th
invention may be employed, change being made
as regards the detail described, provided the fea-
tures stated in the following claim, or the
equivalent of such, be employed.

I therefore particularly point out and distinetly
claim as my invention:

In a process of calcining, passing a mixture of
fuel and material to be calcined having a particle
size of about one-half inch or less through suc-
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cession-valved gas-lock zones, then passing the
whole mixture as a unitary substantially vertical,
continuously downwardly sinking column of par-
ticles substantially maintaining their positions
relative to each other through a first heat ex-
change zone in which hot product gases wholly
passing countercurrently to the column preheat
the mixture, then through a second lower con-
tiguous combustion zone in which the calcined
product is formed, and then through a third still
lower contiguous heal exchange zone in which
the heat of the calcined product preheats coun-
tercurrently incoming air, and simultaneously
with passage of the continuously downwardly
moving column, feeding low velocity compressed
clean and cool air into said third zone substan-
tially  directly - countercurrently to the down-
wardly moving column so as to cool the calcined
product and to maintain super-atmospheric
pressure within the three zones and proper com-~
bustion in the second zone, without upsetting
the non-turbulent downward flow of particles,
drawing off the calcined cooled product through
succession-valved air-lock zones below the col-
umn, and passing the cooled product gases from
the first heat exchange zone under its main-
tained super-atmospheric pressure.

JOSEPH J. RUIZ.
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