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An equipment for precalcining any mineral materials whatsoever comprising a precalciner consisting of a combustion chamber
communicating through a passage-way with a reaction chamber itself communicating via a duct with a separation cyclone, the
reaction chamber being fed with smokes issuing from a firing furnace and three ducts feeding with hot air issuing from a cooler the
combustion chamber, a voluted casing at the level of a burner and said duct, respectively, the equipment in particular permitting the
manufacture of cement clinker while greatly minimizing the emission of nitrogen oxides.
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An equipment for precalcining any mineral materials whatsoever
comprising a precalciner consisting of a combustion chamber communicating
through a passage-way with a reaction chamber itself communicating via a duct
with a separation cyclone the reaction chamber being fed with smokes i 1ssu1ng
from a firing furnace and three ducts feeding with hot air issuing from a cooler
the combustion chamber, a voluted casing at the level of a burner and said duct,
- respectively, the equipment in particular permitting the manufacture of cement

clinker while greatly minimizing the emission of nitrogen oxides.
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EQUIPMENT FOR AND METHOD OF PRECALCINING ANY MINERAL
MATERIALS WHATSOEVER

Field of the invention

The present invention relates to an equipment for precalcining any mineral
matenals whatsoever such for example as cement clinker, lime, alumina, magnesia
or dolomite.

It is also directed to a method of precaicining such materials,

Background of the Iinvention

There has already been proposed equipment for precalcining mineral
materials comprising in particular a precaiciner essentially consisting of a
combustion chamber fed with hot air, of a reaction chamber communicating with the
combustion chamber and supplied with smokes rich in nitrogen oxides issuing from
a finng or caicining furnace, oven or like kiln and of a cyclone permitting the
separation of the material and connected to the reaction chamber by a duct.

It is possible to operate this kind of equipment during a reducing run so as to
at least partially remove the nitrogen oxides. The reduction of the nitrogen oxides
however is limited because in such equipments is generated during a reducing run
much unburnt carbon which is practically inactive for the reduction of the nitrogen
oxides. Moreover this unburnt carbon is difficult to be subsequently reoxidized and
is detrimental to the good operation of the firing furnace.

Summary of the Invention

A feature of preferred embodiments of the present invention is to cope with
the inconveniences referred to hereinabove; by providing an equipment for and a
method of precalcination allowing a reduction by about 30% to 70% of the nitrogen
oxides generated by the fumace owing to the effectiveness of the combustion
chamber which produces a rhaximum amount of reducing gas CO,H, with a
minimum amount of unbumt carbon and which causes the partial reduction of Fe***
into Fe™ in the mineral materials, the unbumt carbon being present in the form of a
strongly reactive coke. '

For that purpose the subject of the invention is an equipment for precaicining
any mineral materials whatsoever in powder form, of the type
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comprising a precalciner consisting essentially of a combustion chamber fed with
hot air, of a reaction chamber communicating with the combustion chamber and
supplied with smokes rich in n'itrogen oxides issuing from a firing furnace and of
a cyclone for the separation of the material connected to the reaction chamber by
a duct or the like, characterized in that the feed of the combustion chamber with
hot air is effected through a first duct opening into the said chamber, a second
duct connected at a burner mounted onto the said chamber whereas a third hot air
duct is opening into the duct connecting the reaction chamber to the cyclone

This equipment is further characterized in that the first duct is tangentially
connected to the combustion chamber to impart to the hot air a rotary motion
within the said chamber, the second duct is opening into a voluted casing
surrounding the burner and imparting to the hot air the same direction of rotation
and the third duct is opening into the duct connecting to the cyclone so that the
hot air flow issuing from this duct makes with the smoke flowing out from the
reaction chamber an angle greater than 60°.

According to another characterizing feature of this equipment the smokes
rich in nitrogen oxides are injected into the reaction chamber via an adjustment
valve whereas at least one valve would adjust the hot air flow rate reaching the
aforesaid three ducts and the second and third aforesaid ducts are provided each
one with at least one adJustment valve.

According to still another characterizing feature of this equipment, the
aforesaid burner consists of at least three coaxial envelopes or shells which from
the inside towards the outside are conveying a make-up fuel, air under pressure
and a sprayed or atomized fuel carried by a gaseous flow, respectively.

It should further be specified that the air under pressure is injected into the
combustion chamber through nozzles tangent to a hyperboloid of revolution

inducing a rotary movement in the same direction as that of the hot air.



10

20

2097245

The assymptotic cone of the hyperboloid of revolution has an angle at the
vertex lying between 3° and 90°.

This invention is further directed to a method of precalcining any mineral
materials whatsoever in powder form, of the type consisting in calcining the
material in a precalciner cbmprising a combustion chamber fed with hot air, a
reaction chamber communicating with the combustion chamber and supplied
with smokes rich in nitrogen oxides issuing from a firing furnace, oven or like
kiln and a cyclone for the separation of the material connected to the reaction
chamber through a duct or the like, characterized in that the hot air is subdivided

into a first flow injected tangentially into the combustion chamber and

- representing from 40% to 85% of the total hot air flow, into a second flow

injected at the level of the fuel feed into the combustion chamber and

representing from 5% to 30% of the total hot air flow and a third tlow inj jected
into the duct connecting the reaction chamber to the cyclone and representing
from 10% to 40% of the main flow.

Preferably the first flow represents from 50% to 75% , the second flow
represents from 15% to 30% and the third flow represents from 15% to 30% of

 the total hot air ﬂow

" This method is further characterlzed in that the speed of injection of the
smokes rich in nrtrogen oxides into the reaction chamber is lying between 20 m/s
and 40 m/s, the mean velocity of the smokes within the reaction chamber is lying
between 5 m/s and 20 m/s, preferably ranging from 10 m/s to 15 m/s and the .
mean velocity of the smokes within the aforesaid duct downstream of the
injectibn of the third air flow is lying between 8 m/s and 24 m/s, preferably
ranging from 12 m/s to 18 m/s. '

It should further be pointed out here that the axial velocity of injection of

the sprayed or atomized fuel into the combustion chamber is lying between 10
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m/s and 30 m/s and preferably between 10 m/s and 18 m/s whereas the air under
pressure supplied by the burner is injected into the said chamber at a speed higher
than 75 m/s and preferably above 150 m/s.

The invention will be better understood and further characterizing features,
details and advantages thereof will appear more clearly as the following explanatory
description proceeds with reference to the accompanying diagrammatic drawings
given by way of non-limiting example only i'IIustrating a presently preferred specific

embodiment of the invention.

Brief Description of the Drawings
Figure 1 is a diagrammatic view of an equipment for firing mineral materials,

iInto which is incorporated a precalciner according to this invention;

Figure 2 is a detailed but diagrammatic view of this precalciner:

Figure 3 shows a diagrammatic view in axial section of the burner fitting the
combustion chamber of the precalciner; and

Figure 4 is a view In section taken substantially along the line IV-IV of Figure
3.

Detailed Description of the Invention
Referring to Figure 1, there is shown an equipment for the firing of mineral

materials in which the material fed in the powdered state is successively moving
through a preheater 1, a precalciner 2, a firing furnace 4 and a cooler 5.

The powdered material is fed at 6 into the preheater 1 in which the hot
smokes 7 issuing from the precalciner 2 are preheating the said material.

The hot material 8 moving out of the ;pr'eheater 1 is partially calcined in the
precalciner 2 by a power supply provided on 't\he one hand from the combustion of a
fuel 9 with preheated air arriving through a pipeline 10 leading from the cooler 5 and
on the other hand by smokes 11 issuing from the furnace 4 through a junction box 3.

The precaicined material 12 is fed to the furnace 4 through the junction box 3

for completing the caicination by an energy supply from the combustion of a
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fuel 13 with preheated air 14 coming from the cooler 5. The fired product 10
(which is calcined, clinkerized or molten according to the material) issuing from
the furnace 4 is cooled within a cooler 5 and discharged at 15.

At least one portion of the hot air recovered from the cooler 5, such as the
one flowing into the pipeline 10 1s uSed as combustion air in the precalciner 2 and
as physically shown by the arrow F on figure 2.

The arrow G on figure 1 illustrates the hot alr excess issuing from the cooler

5 and intended for other purposes or uses.
On figure 2, there is seen that the precalciner proper consists of a

combustion chamber 20 connected by a passage-way 21 to a reaction chamber

- 22, the latter being connected through the agency of a valve 23 to the junction

box 3 wherefrom are issuing the smokes 11 entring the reaction chamber 22 at
the lower part thereof. At its upper part the reaction chamber 22 communicates
with a swan—neck-shaped postcombustion duct 24 opening into a cyclone 25

permitting the recovery of the precalcined product at 12,

According to an essential characterizing feature of the invention, the hot air
F enters the precalciner 2 through a duct 26 which is subdivided into three ducts,

namely a first duct 27 opening tangentially into the combustion chamber 20, a

'second duct 28 opening through a voluted casing 29 into the said chamber 20 at

the level of a burner 30 fitting this chamber and a third duct 31 opening into the

duct 24 connecting the reaction chamber 22 to the cyclone 25.

It should be pointed here that the first duct 27 and the voluted casing 29 are
imparting to the hot air a same clirectilon of rotation within the combustion
chamber 20. ' | '

The hot air flow issuing from the third duct 31 and as shown by arrows is

making with the smokes issuing from the reaction chamber 22 and as physically
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shown by the arrow I, an angle greater than 60°. This angle should
advantageously lie between 140° and 160°.

At 32 is shown a set of valves for adjusting the hot air flow rate reaching on
the one hand via the first duct 27 the combustion chamber 20 (arrow J) and on
the other hand the second and third ducts 28, 31. In each one of these ducts 28,
31 is arranged an adjusting valve 33. '

Referring now to figure 3, there is seen that the burner 30 mounted at the
top portion of the combustion chamber 20 in coaxial relation to the voluted
casing 29 essentially comprises three coaxial envelopes or shells which are

defining from the inside towards the outside : a central passage-way 34 for a

~ make-up fuel which may be heavy fuel oil or recovered solvents, a passage-way

35 providing for the injection of air under pressure and another passage-way 36
through which may issue a sprayed or atomized fuel such as coal carried by a
gaseous flow such as air.

Referring to figure 4 there is seen that the air under pressure is injected 1nto
the combustion chamber 20 through a special head 35a comprising a plurality of
nozzles 37 with axes tangent to a hyperboloid of revolution inducing a rotafy
motion of the same direction as the one flowing out of the voluted casing 29 and
as the one ﬂoWing out of the first duct 27. ' '

It should be pointed out here that the assymptotic cone of the hyperboloid of
revolution involved exhibits an angle at the apex lying between about 3° and 90°
and preferably between 10° and 45°. ‘ '

The precalcining equipment according to this invention having been thus
described, its operation as well as its many advantages will now be setforth
hereinafter.

To obtain the desired effect, i.e. a very strong decrease of the nitrogen

oxides content of the smokes issuing from the firing furnace 4, several
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parameters should be acted upon and a specific combination of parameters

should be adopted.

At first, at the combustion chamber 20 which should operate as a reducing
gas generator, it is necessary to stabilize the flame of the burner 30 which is
naturally unstable under these conditions and this is why according to the
invention, there is used for the combustion chamber 20 a flame stabilizing vortex
consisting of the combination of the voluted casing 29 with the special pressure
air injection head 35a and with the tangential injection of hot air at J. Moreover
the control of the air flow rate wit’hin the second duct 28 owing to the valve 33
permits the obtaining of a maximum temperature at the outlet of the burner 30
without as much inducing the meltingof the mineral materials. These
arrangements advantageously permit the avoidance of unburnt carbons in the
solid state and the promotion of the production of reducing gas conveyed into the
reaction chamber 22 via the duct 21.

At this chamber the high speed injection of the smokes 11 owing to the
valve 23, associated with a low average velocity of the smokes-reducing gas
mixture within this chamber permits the optimizing of the reduction reaction
kinetics through increase of the turbulences within the said chamber. This result
is obtained by using a smokes speed lying between 20 m/s and 40 m/s with a
mean velocity in the reaction chamber 22 ranging from 5 m/s to 20 m/s.
Preferably the velocity of the smokes 11 is lying between 25 m/s and 35 m/s and
the mean velocity within the chamber 22 is lying between 10 m/s and 15 m/s.

Moreover at the injection of hot air through the duct 31 into the
postcombustion duct 24, there should also be obtained a homogeneous mixture of
the oxidizing air and of the residual reducing smokes. This is provided by using a
hot air injection speed lying between 20 m/s and 40 m/s and an injection angle

greater than 60°. Furthermore the mean velocity downstream df the injection
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point of the duct 31, i.e. in the postcombustion duct 24 should allow a sufficient
residence time while maintaining a good level of turbulence. This is why this
mean velocity is selected to be between 8 m/s and 24 m/s and preferably between
12 m/s and 18 m/s.

Thus by choosing for example to carry 65% of the hot air through the first
duct 27 into the combustion chamber 20, 15% of hot air through the duct 28 into
the voluted casing 29 and 20% of hot air into the duct 24 via the duct 31, it 1s
possible by using as a fuel in the burner 30, a mixture of petroleum coke or
mineral oil coke and of sprayed or atomized coal to obtain a reduction in the

nitrogen oxides content by 47% in the smokes rich in nitrogen oxides issuing

- from the furnace 4 while keeping a rate of solid unburnt residues in the materials

moving out of the cyclone 25 of at least 4% of the total amount of fuel conveyed
by the burner 30 into the combustion chamber. In this particular example, the
fuel injection speed was 15 m/s, the velocity of the smokes 11 was 24 m/s, the
mean speed of the mixture within the reaction chamber 22 was 11.5 m/s and the
speed within the postcombustion duct 24 was 14 m/s. '
There has therefore been provided according to the invention an equipment

for and a method of precalcmatlon prov1d1ng outstanding advantages in partlcular

~with respect to the reduction of the emissions of nitrogen oxides which are

'harmful to the environment.

The invention is of course not at all limited to the embodiment described
and shown which has been given by way of example only.

On the contrary the invention comprises all the techmcal equivalents of the

~ means described as well as thelr combinations if the latter are carrled out

accordmg to its gist and within the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. In equipment for precaicining mineral materials in powder form, the
equipment comprising a precalciner having a combustion chamber fed with
hot air, a reaction chamber communicating with said combustion chamber
and supplied with smoke rich In nitrogen oxides issuing from a firing
furnace, and a cyclone for the separation of the material connected to the
reaction chamber through a post-combustion duct, the improvement
wherein said supply of hot air to the combustion chamber is through a first
duct opening into said combustion chamber, a second duct connected at
the level of a burner mounted onto said combustion chamber, and a third
hot air duct opening into the post-combustion duct connecting the reaction

chamber to said cyclone.

2. The equipment according to claim 1, wherein said first duct is tangentially
connected to said combustion chamber to impart a rotary motion to said hot
air within said combustion chamber, said second duct opens into a voluted
casing surrounding the burner and imparts to said hot air the same direction
of rotation, and said third duct opens into the post-combustion duct
connecting to the cyclone, whereby hot air flow issuing from said third duct
forms with the smoke issuing from the reaction chamber an angle greater
than 60°.

3. The equipment according to claim 1 or 2, wherein hot air flow issuing from
said third duct forms with the smoke issuing from said reaction chamber an
angle between 140° and 160°.

4. The equipment according to claim 1 or 2, wherein said smoke rich in
nitrogen oxides is injected into the reaction chamber via an adjustment
valve whereby at least one valve adjusts the flow rate of hot air to the first,
second and third ducts, said second and third aforesaid ducts. Further
each comprising at least one adjusting valve.
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The equipment according to claim 1 or 2, wherein said burner consists of at
least three coaxial envelopes which, from an inside thereof towards an

outside thereof, respectively, convey make-up fuel, air under pressure and
an atomized fuel carried by a gaseous flow.

The equipment according to claim 2, wherein air under pressure is injected
into said combustion chamber by nozzles positioned tangentially to a
hyperboloid of revolution to induce a rotary motion which has the same
direction as that of said hot air.

The equipment according to claim 6, wherein an asymptotic cone of the
hyperboloid of revolution has an angle at its apex lying between 3° and 90°.

A method of precalcining mineral matenals in powder form, which method is
of the type in which the materials are calcined within a precailciner, the
precalciner comprising a combustion chamber fed with hot air, a reaction
chamber communicating with the combustion chamber and supplied with
smoke rich in nitrogen oxides issuing from a firing furnace, and a cyclone
for the separation of the material connected to the reaction chamber
through a post-combustion duct, said method comprising the steps of
subdividing said hot air into, first, second and third flows, said first flow
being tangentially injected into said combustion chamber to impart a rotary
motion to said hot air within said combustion chamber and representing
from 40% to 85% of the total hot air flow, said second flow being injected at
the level of the feed of fuel into the combustion chamber and imparting to
the hot air within said combustion chamber the same direction of rotation
and representing from 5% to 30% of the total hot air flow, and said third flow
being injected into the post-combustion duct connecting the reaction
chamber to the cyclone and representing from 10% to 40% of the total flow.
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The method according to claim 8, wherein said third flow forms with said
smoke issuing from said reaction chamber an angle greater than 60°.

The method according to claim 9, wherein said angle is between 140° and
160°.

The method according to any one of claims 8 to 10, wherein said first flow
represents from 50% to 75%, said second flow represents from 15% to 30%
and said third flow represents from 15% to 30% of the total hot air flow.

The method according to any one of claims 8 to 11, wherein the velocity of
injection of the smoke rich in nitrogen oxides into said reaction chamber is
between 20 m/s and 40 m/s, the mean speed of the smoke within said

reaction chamber is between 5 m/s and 20 m/s, and the average speed of

the smoke within said post-combustion duct downstream of the injection of
said third air flow is between 8 m/s and 24 m/s.

The method according to claim 12, wherein said mean speed ranges from
10 m/s to 15 m/s and said average speed ranges from 12 m/s to 18 m/s.

The method according to claim 8, wherein the axial velocity of injection of
said hot air into the combustion chamber is between 10 m/s and 30 m/s,

and air under pressure is supplied by said burner and is injected into said
chamber at a speed higher than 75 m/s.

The method according to claim 14, wherein said axial velocity ranges from

10 m/s and 18 m/s and said speed is above 150 m/s.

A method for precalcining a mineral material in powder form comprising the
steps of:
feeding a mineral matenal into a combustion chamber,
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directing a first hot air stream into said combustion chamber,

feeding fuel into said combustion chamber through a burner,

directing a second hot air stream into said combustion chamber in proximity
to said burner,

passing combustion gases and the mineral material from said combustion
chamber into a reaction chamber in which precalcination occurs,

directing the combustion gases and mineral material in said reaction
chamber into contact with gases containing nitrogen oxides discharged from
a firing furnace,

directing a third hot air stream in a post combustion zone into contact with a
stream of resultant products of the gases and mineral material from said
reaction chamber, and thereafter separating the resultant precalcined
mineral material from the gases and discharging the separated gases, and
directing the precalcined mineral material to the firing furnace.

The method of claim 16, further comprising the step of portioning the total
amount of hot air being passed into said combustion chamber and the post
combustion zone such that said first hot air stream amounts to from about
40% to about 85% of the total amount of hot air, said second hot air stream
amounts to from about 5% to about 30% of the total amount of hot air, and

said third hot air stream amounts to from about 10% to about 40% of the
total amount of hot atr.

The method of claim 17, wherein said first hot air stream amounts to from
about 50% to about 75% of the total amount of hot air, said second hot air
stream amounts to from about 15% to about 30% of the total amount of hot
air, and said third hot air stream amounts to from about 15% to about 30%
of the total amount of hot arr.

The method of claims 16, 17 or 18 further comprising the step of injecting
the gases containing nitrogen oxides from the firing fumace as a stream
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into the reaction chamber, said stream of gases being injected at a velocity
between about 20 m/s and about 40 m/s, the average speed of the gases
within the reaction chamber being between about 5 m/s and about 20 m/s
and the average speed of the gases within said post combustion zone after
said third hot air stream has contacted said stream of resultant products of
the gases and mineral material being between about 8 m/s and about 24
m/s.

The method of any one of claims 16 to 19, further comprising the steps of
injecting the fuel into said combustion chamber in an axial direction thereof
and providing the injected fuel with an axial velocity between about 10 m/s
and about 30 m/s, and injecting the second hot air stream into said
combustion chamber at a velocity higher than about 75 m/s.

The method of claim 20, wherein the second hot air stream is injected into
said combustion chamber at a velocity higher than about 150 m/s.

The method of claim 19, wherein the average speed of the gases within the
reaction chamber is from about 10 m/s to about 15 m/s and the average
speed of the gases within said post combustion zone after said third hot air
stream has contacted said stream of resultant products of the gases and
mineral material is from about 12 m/s to about 18 m/s.

The method of any one of claims 16 to 22, wherein the first hot air stream
rotates in said combustion chamber and the second hot air stream rotates
in the same direction of rotation as the first hot air stream.

An apparatus for precalcining a powdered mineral material, comprising a
combustion chamber,

a bumer for feeding fuel into said combustion chamber,
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means for feeding a mineral matenal into said combustion chamber,

a reaction chamber in which precaicination occurs,

a passageway connecting said combustion chamber and said reaction
chamber and through which combustion gas and the mineral material are
passed from said combustion chamber to said reaction chamber,

a separation cyclone for separating the combustion gas from the minerali
material precalicined in said reaction chamber,

a post-combustion duct arranged between said reaction chamber and said
cyclone through which gases and precalcined mineral material are passed
from said reaction chamber to said cyclone,

a firing furnace into which the precalcined material is passed from said
cyclone,

means for feeding gases to said reaction chamber, said gases having a
high nitrogen oxide content and being discharged from said firing furnace,
a first duct arranged to pass hot air into said combustion chamber,

a second duct for feeding hot air into said combustion chamber in proximity
to said bumer, and
a third duct arranged to pass hot air into said post-combustion duct between
said reaction chamber and said cyclone.

The apparatus of claim 24, wherein the hot air flowing through said first duct
is caused to rotate in said combustion chamber by feeding the hot air
through said first duct in a direction of a tangent line of said combustion
chamber.

The apparatus of claim 24 or 25, wherein the hot air flowing through said
second duct is caused to rotate by feeding the hot air through said second
duct in a direction of a tangent line of said burner.

The apparatus of claim 26, wherein the hot air flowing through said second
duct is caused to rotate in the same direction of rotation as the hot air
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duct is caused to rotate in the same direction of rotation as the hot air

flowing through said first duct.

The apparatus of any one of claims 24 to 27, wherein said third duct

opens into said post-combustion duct such that the hot air flows through
said third duct into said post-combustion duct substantially in a direction
which forms an angle greater than about 60° in relation to the direction

in which the gases and the precalcined mineral material are passed

from said reaction chamber into said post-combustion duct.

The apparatus of any one of claims 24 to 28, wherein said means for
feeding gases to said reaction chamber comprise at least one

adjustment valve for regulating the flow of gases into said reaction
chamber.

The apparatus of any one of claims 24 to 29, further comprising a

common duct through which hot air is passed to said first duct, said
second duct and said third duct.

The apparatus of any one of claims 24 to 30, further comprising

adjusting means for regulating the flow of hot air through said first duct,
said second duct and said third duct.

The apparatus of claim 31, further comprising a common duct through
which hot air is passed to said first duct, said second duct and said third
duct, said adjusting means comprising at least one adjustment valve
arranged in said common duct, at least one adjustment valve arranged

in said second duct and at least one adjustment valve arranged in said
third duct.

The apparatus of any one of claims 24 to 32, wherein said burner
comprises at least three coaxial passages, an interior one of said three
passages passing make-up fuel into said combustion chamber, a
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middle one of said three passages passing pressurized air into said

combustion chamber, and an outermost one of said three passages

passing atomized fuel carried by a gaseous flow into said combustion
chamber.

The apparatus of claim 33, wherein said burner further comprises

nozzles arranged at an end of said middle one of said three passages,
said nozzles being arranged at a tangent to a hyperboloid of revolution
such that the pressurized air is directed to rotate in the same direction

as the direction of rotation of the hot air flowing from said first duct into
said combustion chamber.

The apparatus of claim 34, wherein an asymptotic cone of the

hyperboloid of revolution has an angle at an apex thereof from about 3°
to about 90°.
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