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EP 1 360 157 B9
Description

[0001] This invention relates to a process for enhancing the yield of cement clinker recovered from a cement kiln
assembly.

BACKGROUND ART

[0002] Inacement plant, cement clinker is created at elevated temperatures in a cement kiln from cement clinker raw
ingredients which travel through the kiln from a feed end to a discharge end, while passing through different processing
zones at elevated temperature.

[0003] The resulting hot cement clinker which typically has a temperature of about 1400°C. on leaving the burning
zone and at the discharge end of the kiln, is fed into a cooler, a system to cool the clinker and travels as a bed of clinker
from the cooler entry port to the cooler exit port, for example; on a cooler grate. Here air is blown through the bed from
jets disposed below the grate to cool the hot clinker. Depending on the cooler configuration the clinker at the cooler entry
port has a temperature slightly below that of about 1400°C. and the clinker at the cooler exit port has a temperature of
about 120° C.

[0004] The cooled cement clinker is ground to a desired fineness and is employed as such or in some cases it may
be admixed with extenders, especially extenders having pozzolanic properties, to produce a blended cement. The
extenders provide a saving in the cement clinker content of the product cement. The extenders are, in particular, by-
products from industrial processes which by-products have a high content of silica and contain calcium and/or aluminium
in an oxidized form, especially oxides or carbonates. Such extenders include coal ashes, more especially fly ashes and
bottom ash; blast furnace slag and silica fume. In addition modifiers such as lime, cement kiln dust and waste cement
or cement clinker could also be used to adjust chemistry or as a benefit to handling the extender where for example
agglomeration is desired.

[0005] Since about 1986, the emphasis on controlling emission gases from power plants has resulted in the installation
of low NO, burners as a means of reducing oxides of nitrogen in emission gases. The impact of these controls has been
an increase in carbon content of Type F and to a lesser extent Type C pozzolanic flyash. Furthermore the addition of
low levels of petroleum coke to lignite, bituminous and sub-bituminous coal at some plants has also increased the level
of carbon in flyash.

[0006] Carbon such as contained in coal ash is a detrimental contaminant in cement, having the effect of absorbing
chemicals with resulting deterioration of concrete performance.

[0007] Prior attempts to remove the carbon from the flyash include electrostatic separation; mixing the flyash with a
fluid such as kerosene and separating the carbon out by foaming; and treating the flyash in a fluid bed combustion
chamber for combustion of the carbon.

[0008] Bottom ash also contains carbon as a contaminant and it is preferable to remove the carbon if the bottom ash
is to be incorporated in cement.

[0009] It has previously been proposed to add coal ash to cement clinker in the cooler of a cement kiln assembly in
the production of blended cements (US Patent 5,837,052). In this prior proposal the integrity and identity of the coal ash
is maintained and the contaminating carbon is oxidized by the heat of the hot clinker as it cools in the cooler to produce
a blended mixture of cement clinker and coal ash free of carbon.

[0010] It has also been proposed in US Patent 5,976,243 to add blast furnace slag to the cement clinker in the cooler
of a cement kiln assembly to drive off water in the slag and produce a blended mixture of cement clinker and blast
furnace slag in which the integrity and identity of the blast furnace slag is maintained. In US Patent 5,650,005, it has
been proposed to elevate the free lime content of a cement clinker by adding a source of free lime to the cement clinker

DISCLOSURE OF THE INVENTION

[0011] This invention seeks to provide a process for increasing or enhancing the yield of cement clinker recovered
from a cement kiln assembly.

[0012] Inaccordance with the inventionthere is provided a process for enhancing the yield of a cement clinker according
to claim 1.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0013] The process of the invention increases or enhances the yield of cement clinker recovered from the cooler of a
cement kiln, without altering the chemistry, ingredients or process or operating parameters of the cement kiln.
[0014] This is a significant advantage since cement kiln operators are conservative by nature and demonstrate great
reluctance to modify in any way the parameters of operation of a cement kiln which is operating satisfactorily.
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[0015] i) The extenders employed in the invention are materials of a high analytical content of silica and additionally
contain calcium, aluminum or both in a form which will react with the silica content at elevated temperatures in the cooler
of a clinker kiln assembly, to form a composition consisting predominantly of crystalline, hydraulic calcium and aluminum
silicates. The silica, calcium and aluminum will typically be present as calcium oxide and aluminum oxide, respectively,
but lesser amounts may be present as silicates, for example, calcium silicate and aluminum silicate, and aluminosilicates
such as calcium aluminosilicate.

[0016] The extender may be amorphous or crystalline and typically will contain silica and calcium and/or aluminum
compounds.

[0017] Suitable extenders comprise silicate molecules which may be calcium or alumino silicates or both, typically
containing the same silicates as cement clinker but with significantly less calcium, for example, coal ashes, blast furnace
slag and silica fume, which are all by-products of industrial. processing or manufacture. Modifiers could also be used to
adjust chemistry or as a benefit to handling the extender where for example agglomeration is desired. These could
include materials such as lime, cement kiln dust and cement.

[0018] At elevated temperatures downstream of the formation of the cement clinker in the kiln, under pyroprocessing
conditions the particulate extenders melt to a partially fused state which chemically reacts with the hot cement clinker
producing a cement clinker composition consisting predominantly of crystalline hydraulic calcium silicates and which
composition is a pyroprocessed composition.

[0019] In a first embodiment the pyroprocessing reaction occurs in the upstream end of the cooler adjacent the exit
of the cement clinker where the temperature is from 1400°C. to 1000°C.

[0020] In a second embodiment the pyroprocessing reaction may also take place in the cement kiln downstream of
the zone of the kiln in which the cement clinker is formed and more especially within the kiln at the discharge end of the
kiln; the discharge end of the kiln is an especially advantageous site for the addition of extenders in the form of coarse
particles. The chemical reactions in the kiln which form the hot cement clinker product of the kiln, take place in the
burning zone of the kiln and thus in this second embodiment the addition of the extender takes place downstream of the
burning zone.

[0021] The particulate extender should have a particle size which permits a satisfactory level of partial fusion in the
pyroprocessing, having regard to the point of addition of the extender to the hot cement clinker. In general at least 1%,
by weight, more usually at least 50%, by weight, preferably at least 70%, by weight, and most preferably at least 90%,
by weight, of the extender should partially fuse in the pyroprocessing.

[0022] It will be recognized that, in general, smaller particles will more readily partially fuse than larger particles at a
given temperature and exposure time. However, larger particles having a porous honeycomb structure may partially
fuse as readily as smaller particles.

[0023] The rate and degree of partial fusion of the particulate extender will depend on a number of factors including
the physical form and size of the particles, the temperature of the hot cement clinker at the point of addition of the
particulate extender, the exposure time of the particulate extender to the elevated temperature of the hot clinker, con-
figuration of the kiln assembly and the exothermic heat energy such as derived from carbon bum out of carbon contam-
inated fly ash.

[0024] Typically fly ash has a particle size of less than 100 microns and can be employed in this form.

a) Coal Ash

[0025] Coal ash as employed in this invention refers to the residue produced in coal burning furnaces from burning
pulverized anthracite or lignite, or bituminous or sub-bituminous coal. Such coal ash includes flyash which is the finely
divided coal ash carried from the furnace by exhaust or flue gases; and bottom ash which collects at the base of the
furnace as agglomerates.

[0026] The coal ash employed in the invention may be a Type F or Type C flyash and typically in the case of Type F
will be contaminated with carbon; or bottom ash similarly contaminated with carbon, such as results from the employment
of low NO, burners to reduce oxides of nitrogen in coal burning power plants, or from uneven firing of coal fired burners
generally; or from the addition of low levels of petroleum coke to lignite and sub-bituminous and bituminous coal.
[0027] The Type F and Type C flyashes referred to above are defined by CSA Standard A23.5 and ASTM C618.
[0028] Class C fly ash typically has an analytical content of CaO greater than 8%, by weight, and generally greater
than 20%, by weight. An analytical content of CaO refers to the total content of Ca expressed as the oxide CaO, the
analytical content of CaO may include free lime, i.e., free CaO and CaO present in a chemical combined state, for
example, in calcium silicates and calcium aluminates, crystalline melilite (Ca,Al,SiOg) and merwinite (CazMgSi,O-).
The free lime content of Class C fly ash is typically less than 3%, by weight, of the analytical content.

[0029] The Type F flyash may contain 1 to 30% more usually 1 to 15%, and typically 1 to 10% by weight, of carbon.
Type F flyash usually has an analytical content of CaO of less than 8% and typically less than 5%, by weight.

[0030] Typically a majority of the flyash, at least about 80%, by weight, comprises particles of less than 45 microns.
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[0031] Bottom ash typically is recovered from the base of the furnace as granules of which 80%, by weight, have a
size in the range of 100 microns. to 8 cm. Bottom ash, being from the same coal source, will have a chemical composition
similar to that of the finer flyash. The bottom ash is suitably ground or crushed to fine particle form before being added
to the cement clinker in the cooler, but the particle size is not critical provided the desired partial fusing is achieved.

b) Slag

[0032] Blast furnace slag is a by-product from the production of iron in a blast furnace; silicon, calcium, aluminum,
magnesium and oxygen are the major elemental components of the slag.

[0033] Blast furnace slags include air-cooled slag resulting from solidification of molten blast furnace slag under
atmospheric conditions; granulated blast furnace slag, a glassy granular material formed when molten blast furnace slag
is rapidly chilled as by immersion in water; and pelletized blast furnace slag produced by passing molten slag over a
vibrating feed plate where it is expanded and cooled by water sprays, whence it passes onto a rotating drum from which
it is dispatched into the air where it rapidly solidifies to spherical pellets.

[0034] Blast furnace slags typically contain 3 to 20%, generally 5 to 15%, by weight, of water within the voids between
particles.

[0035] Theinvention extends to blast furnace slags generally including air-cooled blast furnace slags and water-cooled
blast furnace slags.

[0036] The blast furnace slag may be, for example, granulated blast furnace slag or pelletized blast furnace slag.
These slags have a glass content resulting from rapid quenching with water, which is typical above 90%, by weight, and
have a water content of 3 to 20%, generally 5 to 15%, by weight. Pelletized blast furnace slag generally has a lower
water content in the range of 5 to 10%, by weight.

[0037] Granulated blast furnace slag has a particle or granule size of up to 0.25 inches or up to 4.75 mm. Pelletized
blast furnace slag has a pellet size up to 0.5 inches.

[0038] The analytical content of blast furnace slags in North America indicated, for analytical purposes as oxides,
except for the sulphur content is set out in Table 1 below:

TABLE |

Chemical Constituent
(as oxides) | Range of Composition in %, by weight
SiO, 32-42
Al,O4 7-16
CaOo 32-45
MgO 5-15
S 0.7-2.2
Fe,04 1-1.5
MnO 0.2-1.0

[0039] Steel slag is a by-product from the production of steel and can be considered where it has similar chemistry to
blast furnace slag; unacceptable levels of magnesium may restrict its use to low additions.

[0040] Non-ferrous slag by-products from the production of different non-ferrous metals from their ores can also be
considered where they have a similar chemistry to blast furnace slag.

c) Silica Fume

[0041] Silica fume is a by product in the production of silicon or ferro-silicon alloys and is collected by filtration of gases
escaping the electric-arc furnace. Typically it has a silicon dioxide content of at least 75%, by weight, and consists of
fine, spherical particles having an average diameter of about 0.1 um.

[0042] ii) Process

[0043] The process is described hereinafter by reference to the embodiment in which the extender is a coal ash, more
particularly a flyash contaminated with carbon, but the invention applies similarly to fly ash not contaminated with carbon
and to bottom ash contaminated or uncontaminated with carbon.

[0044] The flyash containing carbon is added to a travelling bed of hot cement clinker in the cooler, downstream of
the cement kiln burning zone, at this stage the cement clinker is granular, typically composed of particles ranging up to
25,410 30,48 cm (10 to 12 inches). The hot cement clinker travels along a path from the upstream end to the downstream
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end of the cooler.

[0045] The bed of cement clinker is typically 15,24 to 60,96 cm (6 to 24 inches) thick, travels at a velocity which varies
depending on the cooler dimensions and the throughput of the kiln; typically the velocity is about 60,96 to 182,9 cm/min
(2 to 6 ft./min.), and has a temperature which ranges from about 1400°C. at the entry port to the cooler, immediately
downstream of the cement kiln burning zone, to 100°C.-150°C., typically about 120°C. at the clinker discharge port of
the cooler.

[0046] Generally, the clinker has a residence time of 15 to 60, more usually 20 to 40, and typically about 30 minutes
in the cooler. The clinker in the clinker bed varies in size and may include agglomerates as large as 25,4 to 30,48 cm
(10 to 12 inches). Jets of cooling air are directed through the travelling clinker bed, typically from below the bed. The
large volume of cooling air fed into the cooler typically has two outflow paths from the cooler, one in a generally upstream
direction from the cooler into the cement kiln where it provides secondary air for the thermal processes taking place in
the cement kiln; and the other in a generally downstream direction and exiting through dust collectors at the downstream
end of the cooler.

[0047] The hot clinker is thus exposed to cooling air in the path of travel of the bed so that the clinker is progressively
cooled from about 1400°C. to about 150°C. as it travels from the upstream end to the downstream end.

[0048] The flyash is suitably introduced to the travelling bed of cement clinker so that all or a majority of the flyash
travels with the cement clinker towards the exit port of the cooler. In addition the flyash is introduced to the travelling
bed of clinker at a point such that the flyash has an adequate residence time in the cooler, at a sufficiently high temperature,
suitably at least 1000°C. and typically 1000 to 1400°C. for combustion of the carbon content of the flyash and melting
of the flyash to a partially fused material which chemically reacts with the hot clinker in the cooler to produce a partially
fused pyroprocessed clinker and consisting primarily of hydraulic calcium silicates.

[0049] Since the combustion of the carbon content is an exothermic reaction, the heat liberated during the combustion
of the carbon helps the entire pyroprocessing of the cement kiln and also helps in promoting the preprocessing of the
flyash to crystalline hydraulic silicates.

[0050] Various delivery means may be employed for introducing the flyash to the clinker, and the design and location
of suitable delivery means in the cooler is well within the skill of persons in the art.

[0051] Tests carried out at a cement plant demonstrate that when adding finely divided F flyash as the extender the
optimum pneumatic feeding point for the kiln and cooler configuration was in the first, most upstream, compartment of
the cooler where the temperature was the highest. This was contrary to expectations that the close proximity of the kiln
would allow the flyash to be swept from the cooler into the main body of the kiln by the air stream. The clinker surface
was at a temperature sufficient to fuse and arrest the ash particle with the clinker.

[0052] For example a dry (or damp or moistened) flyash may be introduced by a reclaim screw auger, designed to
give adequate dispersion in the cooler bed for enhanced commingling with the hot clinker. Introduction into the interior
of the bed also minimizes possible loss of the flyash by entrainment in air flowing from the cooler, into the kiln.

[0053] For example, agglomerated flyash, bottom ash or slag because of the larger particle size could be fed into the
clinker mass downstream from the burning zone as it travels from the kiln shell into the cooler to ensure good commingling.
The extender, for example, flyash is suitably introduced to the clinker in the cooler in an amount to provide a content of
extender, for example, flyash in the clinker of about 2 to 25%, preferably 5 to 15 %, more likely 5 to 10 % by weight,
based on the combined weight of the extender and the clinker.

iii) Cement
[0054] The cement clinker recovered from the cooler is ground to a desired fineness of the cement clinker. Employing
the process of the invention the flyash or other extender is integrated by the partial fusion pyroprocess into the cement
clinker to enhance the yield of the cement clinker recovered from the kiln assembly.
BRIEF DESCRIPTION OF DRAWINGS
[0055]

FIG. 1 is a schematic illustration of a kiln assembly including a kiln and a cooler.
DESCRIPTION OF PREFERRED EMBODIMENTS WITH REFERENCE TO THE DRAWINGS
[0056] With further reference to FIG. 1, a kiln assembly 10 includes a feed inlet 12, a rotary kiln 14 and a cooler 16.
[0057] The kiln 14 is mounted for rotation relative to feed inlet 12 and cooler 16. Rotary kiln 14 has a drying zone 20

foruse inawet process, a calcining zone 22, aburning zone 24 and an initial cooling zone 26 at the discharge end ofkiln 14.
[0058] Rotary kiln 14 extends between a feed port 18 and a clinker outlet 28.
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[0059] A burner assembly mounted externally of kiln 14 has a burner nozzle 32 mounted in a firing hood 38 which
nozzle 32 extends through outlet 28 into kiln 14. A flame 36 is developed at nozzle 32.

[0060] Cooler 16 has an entry port 42 which communicates with clinker outlet 28 of kiln 14, and an exit port 44. A
cooler grate 40 is mounted in cooler 16 and air jets 46 disposed below cooler grate 40 feed jets of cooling air upwardly
through cooler grate 40 and a bed 52 of clinker supported on cooler grate 40. Assembly 10 has an air jet compartment
54 for feeding an extender, for example, flyash 50 contaminated with carbon pneumatically with an air jet 46 from below
cooler grate 40 at an upstream end of cooler 16, and more especially through an upstream air compartment 54 of cooler 16.
[0061] Assembly 10 as illustrated also has an alternative port 56 for feeding the extender, for example, blast furnace
slag into the kiln 14 downstream of the burning zone 24 and more especially at the discharge end of kiln 14 in initial
cooling zone 26. Cooler 16 has an air discharge 48.

[0062] Cooler grate 40 comprises a plurality of plates in side-by-side relationship. Some of the plates have openings
therethrough to allow passage of the cooling air. Some plates are fixed and other are mounted to oscillate, back and
forth. The movement of the oscillating plates agitates the clinker, and with it the flyash. Air is fed through grate 40 by
the air jets 46 which are in groups, each group being associated with an air jet compartment.

[0063] The cooler grate 40 is inclined downwardly from the entry port 42 to exit port 44. The bed 52 of clinker is
advanced towards exit port 44 by the oscillation of some of the plates, in conjunction with the inclination and the build-
up of clinker introduced into cooler 16 from kiln 14.

[0064] In operation raw cement clinker ingredients in particulate form are fed through inlet 12 and feed port 18 into
kiln 14, where they first enter drying zone 20. The kiln 14 rotates slowly, and is inclined downwardly from port 18 to outlet
28. With the rotation of kiln 14, the ingredients advance slowly and sequentially through drying zone 20, calcining zone
22 and burning zone 24, into which a flame extends from burner nozzle 32.

[0065] In drying zone 20 the temperature typically ranges from 300°C. to 800°C. In calcining zone 22 the temperature
typically ranges from 825°C. to 1000°C. and in burning zone 24 the temperature is typically 1400°C. to 1425°C. Clinker
formation is completed in burning zone 24.

[0066] The kiln 14 operates in conventional manner for cement clinker production and the present invention is not
concerned with the operation of kiln 14 and does not modify in any way the operation of kiln 14 for cement clinker
production. Hot clinker produced in kiln 14 is discharged through clinker outlet 28 and enters cooler 16 at entry port 42
where it falls onto the cooler grate 40 which advances the hot clinker towards exit port 44. The hot clinker falling onto
cooler grate 40 forms a bed 52 of clinker particles which typically has a thickness or depth of 15,24 to 60,96 cm (6 to
24 inches).

[0067] Air is injected under pressure through air jets 46 located below cooler grate 40, the air permeates through
plates in the cooler grate 40 and the bed 52, the clinker being progressively cooled by the air from jets 46 as it advances
towards exit port 44. The cooler 16 is typically operated under low pressure or partial vacuum and the air permeating
upwardly through bed 52 flows either along the path indicated by the arrows A into kiln 14 or along the path indicated
by the arrows B exiting from the downstream end of the cooler. The path of travel of the bed 52 is indicated by the arrow C.
[0068] Flyashcontaminated with carbon if selected as the extender and maintained inits finely divided formis introduced
to the clinker through the upstream first compartment 50 of air jets at an upstream end of cooler 16 where the temperature
is sufficiently high for the pyroprocessing of the flyash. This represents merely one location where the flyash contaminated
with carbon may be introduced. The flyash contaminated with carbon is introduced pneumatically from below the bed
52 through compartment 50 and so as to penetrate into the bed 52 with entrapment of the flyash within the bed 52.
[0069] As the bed 52 with the flyash contaminated with carbon travels towards exit port 44, the carbon content of the
flyash is combusted to oxides of carbon with evolution of heat and with the heat of the hot cement clinker results in a
clinker, partially fused by pyroprocessing, consisting predominantly of crystalline hydraulic calcium silicates. At the
downstream end of cooler 16, the resulting cooled clinker and the flyash free of carbon fall from cooler grate 40 through
exit port 44 and passes to further processing such as grinding for the manufacture of the cement.

[0070] Fine particles of flyash and/or cement clinker entrained in the air exiting discharge 48 along flow path B are
collected and returned in the normal way currently used for clinker fines.

EXAMPLE

[0071] A trial was carried out at a Cement Plant to determine the effectiveness of adding a Class F flyash as an
extender to cement clinker.

[0072] The flyash was introduced pneumatically to the kiln cooler through various compartments below the cooler
grates.

[0073] Samples were recovered at 5 sampling points including the kiln hood, cooler discharge before the 2nd drag,
after the 2nd drag, the gravel bed filter precleaning cyclone and the scavenging cyclone.

[0074] The flyash was introduced at 1.22 tonnes per hour with a kiln rate of 24.42 tonnes per hour.

[0075] In one of the tests the flyash was introduced through the upstream compartment by cooler fan #1.
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[0076] Samples from the individual points showed that no flyash was evident in the kiln hood sample; 97% of all
material was recovered before the 2nd drag; essentially no (0.1%) material was recovered in the scavenging cyclone;
and 100% of the material was recovered after the 2nd drag. In all cases more than 90% of the flyash fused.

Claims

1.

10.

1.

12.

13.

14.

15.

16.

A process for enhancing the yield of a cement clinker recovered from a cement kiln assembly comprising a cement
kiln for production of cement clinker and a cooler for cooling cement clinker from said kiln comprising:

a) producing hot cement clinker from cement clinker raw ingredients in a cement kiln;

b) feeding hot cement clinker from step a) into a cooler;

c) feeding a particulate material comprising, on an analytical basis, silica and an oxide of at least one of calcium
and aluminum, into contact with said hot cement clinker downstream of the formation of said hot cement clinker,
at a temperature of at least 1000°C, melting at least 50%, by weight of said material to a partially fused material
and chemically reacting said partially fused material with the hot clinker to produce a pyroprocessed cement
clinker composition of partially fused crystalline hydraulic silicates, cooling said cement clinker composition in
said cooler, and

d) recovering a cooled cement clinker composition from said cooler, said composition having a cement clinker
content greater than that of the hot cement clinker in step b).

A process according to claim 1, wherein said material is a fly ash.
A process according to claim 2, wherein said fly ash is a Class C fly ash.
A process according to claim 2, wherein said fly ash is a Class F fly ash.

A process according to claim 1, 2, 3 or 4, wherein said particulate material in step c) is in an amount of 2 to 25%,
by weight, based on the combined weight of hot cement clinker and particulate material.

A process according to claim 2, 3 or 4, wherein said flyash in step c) is in an amount of 5 to 10%, by weight, based
on the combined weight of hot cement clinker and fly ash.

A process according to claim 2, 3, 4 or 6, wherein said fly ash contacts said hot clinker at an upstream end of said
cooler at a temperature of 1000 to 1400 °C.

A process according to claim 1 wherein said material is bottom ash.

A process according to claim 1 wherein said material is blast furnace slag.
A process according to claim 1 wherein said material is steel slag.

A process according to claim 1 wherein said material is non-ferrous slag.
A process according to claim 1 wherein said material is silica fume.

A process according to any one of claims 1 to 12, wherein at least 70%, by weight, of said particulate material melts
to form said partially fused material which reacts with said hot clinker.

A process according to any one of claims 1 to 12, wherein at least 90%, by weight, of said particulate material melts
to form said partially fused material which reacts with said hot clinker.

A process according to claim 2, 3, 4, 6 or 7, wherein said flyash is contaminated with carbon and said carbon oxidises
in an exothermic reaction and heat from said exothermic reaction contributes to melting of said particulate material
to said partially fused material; and at least 90%, by weight, of said particulate material melts to form said partially
fused material which reacts with said hot clinker.

A process according to claim 15 wherein said flyash in step c) is in an amount of 5 to 10%, by weight, based on the
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combined weight of hot cement clinker and particulate material.

A process according to claim 1, 8, 9, 10 11 or 12, wherein said particulate material contacts said hot cement clinker
at a temperature of at least 1000°C to 1400°C in step c).

A process according to any one of claims 1 to 17 wherein said particulate material contacts said hot cement clinker
in the cement kiln downstream of formation of the cement clinker.

A process according to any one of claims 1 to 18, wherein said particulate material is fed in c) in conjunction with
an addition of a modifier to adjust chemistry or as a benefit for handling.

Patentanspriiche

1.

10.

1.

12

13.

Verfahren zur Steigerung der Ausbeute eines Zementklinkers, der aus einer Zementofenanordnung die einen Ze-
mentofen zur Herstellung von Zementklinker und einen Kiihler zum Kuhlen von Zementklinker aus dem Ofen umfasst,
erhalten wird, umfassend:

a) Herstellen von heilRem Zementklinker aus Zementklinker-Ausgangsstoffen in einem Zementofen;

b) Zugeben von heilem Zementklinker aus Schritt a) in einen Kihler;

¢) Zugeben eines teilchenférmigen Materials, das auf einer analytischen Basis Siliziumdioxid und ein Oxid von
mindestens einem von Calcium und Aluminium umfasst, in Kontakt mit dem heilen Zementklinker stromabwarts
von der Bildung des heiflen Zementklinkers . bei einer Temperatur von mindestens 1000 °C, Schmelzen von
50 Gewichts-% des Materials zu einem teilweise geschmolzenen Material und chemisches Umsetzen des
teilweise geschmolzenen Materials mit dem heiRen Klinker um eine pyro-verarbeitete Zementklinker-Zusam-
mensetzung aus teilweise geschmolzenen kristallinen hydraulischen Silikaten zu bilden, Kiihlen der Zement-
klinker-Zusammensetzung in dem Kiihler und

d) Erhalten einer gekiihlten Zementklinker-Zusammensetzung aus dem Kiihler, wobei die Zusammensetzung
einen héheren Zementklinkergehalt als den des heillen Zementkfinkers in Schritt b) aufweist.

Verfahren nach Anspruch 1, worin das Material Flugasche. ist.
Verfahren nach Anspruch 2, worin die Flugasche eine Klasse C Flugasche ist.
Verfahren nach Anspruch 2, worin die Flugasche eine Klasse F Flugasche ist.

Verfahren nach Anspruch 1, 2, 3 oder 4, worin das teilchenférmige Material in Schritt c) in einer Menge von 2 bis
25 Gewichts-% vorliegt, bezogen auf das Gesamtgewicht von heiRem Zementklinker und teilchenférmigen Material.

Verfahren nach Anspruch 2, 3 oder 4, worin die Flugasche in Schritt ¢) in einer Menge von 5 bis 10 Gewichts-%
vorliegt, bezogen auf das Gesamtgewicht von heilem Zementklinker und Flugasche.

Verfahren nach Anspruch 2, 3, 4 oder 6, worin die Flugasche an einem stromabwarts liegenden Ende des Kihlers
bei einer Temperatur von 1000 bis 1400 °C mit dem hei3en Klinker in Kontakt kommt.

Verfahren nach Anspruch 1, worin das Material Bettasche ist.

Verfahren nach Anspruch 1, worin das Material Hochofenschlacke ist.
Verfahren nach Anspruch 1, worin das Material Stahlschlacke ist.
Verfahren nach Anspruch 1, worin das Material nicht-Eisen-Schlacke ist.
Verfahren nach Anspruch 1, worin das Material Feinkieselerde ist.

Verfahren nach einem der Anspriiche 1 bis 12, worin mindestens 70 Gewichts-% des teilchenférmigen Materials
schmelzen um das teilweise geschmolzene Material zu bilden, das mit dem heif3en Klinker reagiert.
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Verfahren nach einem der Anspriiche 1 bis 12, worin mindestens 90 Gewichts-% des teilchenférmigen Materials
schmelzen um das teilweise geschmolzene Material zu bilden, das mit dem heien Klinker reagiert.

Verfahren nach Anspruch 2, 3, 4, 6 oder 7, worin die Flugasche mit Kohlenstoff kontaminiert ist und der Kohlenstoff
in einer exothermen Reaktion oxidiert wird und Warme aus der exothermen Reaktion zum Schmelzen des teilchen-
férmigen Materials zu dem teilweise geschmolzenen Material beitragt; und mindestens 90 Gewichts-% des teilchen-
férmigen Materials schmelzen um das teilweise geschmolzene Material zu bilden, das mit dem heilRen Klinker
reagiert.

Verfahren nach Anspruch 15, worin die Flugasche in Schritt c) in einer Menge von 5 bis 10 Gewichts-% vorliegt,
bezogen auf das Gesamtgewicht von heiRem Zementklinker und teilchenférmigem Material.

Verfahren nach Anspruch 1, 8,9, 10, 11 oder 12, worin das teilchenférmige Material mit dem heilRen Zementklinker
bei einer Temperatur von mindestens 1000 °C bis 1400 °C in Schritt c) in Kontakt kommt.

Verfahren nach einem der Anspriche 1 bis 17, worin das teilchenférmige Material mit dem heilen Zementklinker
in dem Zementofen stromabwarts von der Bildung des Zementklinkers in Kontakt kommt.

Verfahren nach einem der Anspriiche 1 bis 18, worin das teilchenférmige Material in c) zusammen mit einer Zugabe
eines Modifizierers zugegeben wird um die Chemie anzupassen oder um die Verarbeitung zu erleichtern.

Revendications

1.

9.

10.

Un procédé pour le renforcement du rendement du clinker de ciment récupéré d’'un assemblage de four a ciment
comprenant un four a ciment pour la production de clinker de ciment a partir dudit four comprenant:

a) La production du clinker de ciment a partir d’'ingrédients de clinker de ciment brut dans le clinker de ciment;
b) L’alimentation d’un refroidisseur en clinker de ciment chaud résultant de a)

c) L'alimentation dudit refroidisseur en matiéres particulaires comprenant, sur une base analytique, une silice
et un oxyde d’au moins un calcium et un aluminium en contacte avec ledit clinker de ciment chaud en aval de
la formation dudit clinker de ciment chaud et permettre aux dites matiéres de fondre en une matiére partiellement
fondue, réagissant chimiquement ladite matiére partiellement fondue avec le clinker chaud pour produire une
composition de clinker de ciment pyro-traité de silicates hydrauliques cristallins partiellement fondus, refroidis-
sant ladite composition de clinker de ciment dans ledit refroidisseur; et

d) La récupération de la composition refroidie de clinker de ciment dudit refroidisseur, ladite composition avant
un contenu de clinker de ciment plus que celui du clinker de ciment chaud dans la phase b).

Un procédé selon la revendication 1 dans lequel ladite matiere est les cendres volantes.
Un procédé selon la revendication 2 dans lequel les cendres volantes sont des cendres volantes de catégorie C.
Un procédé selon la revendication 1 dans lequel les cendres volantes sont des cendres volantes de catégorie F.

Un procédé selon les revendication 1, 2, 3 ou 4 dans lequel ladite matiére particulaire dans I'étape c) et en quantité
de 2 a 25% du poids sur la base du poids combiné du clinker de ciment chaud et de la matiére particulaire.

Un procédé selon la revendication 2, 3 ou 4 dans lequel lesdites cendres volantes dans I'étape c) et an quantité de
5 a 10% du poids sur la base du poids combiné du clinker de ciment chaud et des cendres volantes.

Un procédé selon les revendication 2, 3, 4 ou 6 dans lequel lesdites cendres entrent en contact avec ledit clinker
chaud a une extrémité amont dudit refroidisseur a une température de 1000 a 1400°C.

Un procédé selon la revendication 1 dans lequel ladite matiére est les cendres de fond.
Un procédeé selon la revendication 1 dans lequel ladite matiére est les scories du haut-fourneau.

Un procédé selon la revendication 1 dans lequel ladite matiére est les scories d’acier.
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Un procédé selon la revendication 1 dans lequel ladite matiére est les scories non-ferriques.
Un procédé selon la revendication 1 dans lequel ladite matiére est la fumée de silice.

Un procédé selon I'une des revendications 1 a 12, dans lequel au moins 70% du poids de ladite matiére particulaire
fond pour constituer ladite matiére partiellement fondue qui réagit avec ledit clinker chaud.

Un procédé selon I'une des revendications 1 a 12, dans lequel au moins 90% du poids de ladite matiére particulaire
fond pour constituer ladite matiére partiellement fondue qui réagit avec ledit clinker chaud.

Un procédé selon la revendication 2, 3, 4, 6 ou 7 dans lequel lesdites cendres volantes sont contaminées avec du
carbone et lesdits oxydes de carbone dans la réaction exothermique et la chaleur obtenu de ladite réaction exo-
thermique contribue a la fusion de ladite matiére particulaire en ladite matiére partiellement fondue et au moins 90%
du poids de ladite matiere particulaire fond pour constituer la matiére partiellement fondue qui réagit avec ledit chaud.

Un procédé selon la revendication 15 dans lequel lesdites cendres volantes de I'étape c) est en quantité de 5 a
10% du poids sur la base du poids combiné du clinker de ciment et de la matiere particulaire.

Un procédé selon la revendication 1, 8, 9, 10, 11 ou 12 dans lequel ladite matiére particulaire entre en contact avec
ledit clinker de ciment chaud a une température d’au moins 1000°C a 1400°C dans I'étape c).

Un procédé selon 'une des revendications 1 a 17 dans lequel ladite matiére particulaire entre en contact avec ledit
clinker de ciment chaud dans le four a ciment en aval de la formation du clinker de ciment.

Un procédé selon I'une des revendications 1 a 18 dans lequel ladite matiére particulaire est introduite lors de I'étape
¢) conjointement a une addition d’'un modificateur pour ajuster la chimie ou comme un bénéfice pour la manipulation.
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