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(54) METHOD FOR PROCESSING A MATERIAL IN A FURNACE

(57)  The invention relates to a method for proces-
sing a material in a furnace, the furnace being enclosed
by a frontal, a backwall and one or more lateral walls. A
fuel and a primary oxidant are fed into the furnace
through a burner provided in said backwall of the fur-
nace. At least one first gaseous stream having an oxy-
gen content of at least 80 % by volume is injected into
the furnace by means of at least one first lance pro-
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vided in said backwall and at least one second gaseous
stream having an oxygen content of at least 80 % by
volume is injected into the furnace by means of at least
one second lance provided in said backwall. The first
lance is located closer to the center of the burner outlet
than the second lance and the velocity of the first gas-
eous stream is less than the velocity of the second
gaseous stream.
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Description

[0001] The present invention relates to a method for
processing a material in a furnace, the furnace being
enclosed by a front side, a backwall and one or more
lateral walls, wherein a fuel and a primary oxidant are
fed into the furnace through a burner having a burner
outlet, the fuel and the primary oxidant are reacting in a
main combustion reaction, wherein the burner is pro-
vided in said backwall of the furnace, wherein at least
one first gaseous stream having an oxygen content of
at least 80 % by volume is injected into the furnace by
means of at least one first lance provided in said back-
wall, and wherein at least one second gaseous stream
having an oxygen content of at least 80 % by volume is
injected into the furnace by means of at least one sec-
ond lance provided in said backwall. The invention
further relates to a furnace for carrying out the method.

Background of the Invention

[0002] Many kilns, and in particular lime kilns at pulp
mills in Scandinavia, have abandoned or significantly
reduced their reliance on fossil fuels such as natural
gas or oil and replaced such with renewable fuels. Of-
ten by-products from pulp/paper production or from
sawmills, such as wood, lignin and bio-oil residues or
weak combustible gases, are used as fuel. In many
cases, kiln operations rely on multiple bio-fuel sources
of various states, i.e. solids, liquids and gases.

[0003] Upon converting a kiln from using fossil fuel to
a lower quality fuel, a reduction of approximately 10%
of the kiln capacity can be expected. It is widely known
that oxygen injection can support the combustion pro-
cess of lower grade fuels and can restore capacity. In
particular, oxygen injection is very favourable to sup-
port combustion of fuel streams containing elevated
proportions of granulated solids such as wood chips,
wood powder, bark powder or bark chips.

[0004] To recover capacity, oxygen assisted combus-
tion offers a proven and low-cost technology. Oxygen
lancing in its simplest forms is not a new technology in
lime kilns.

[0005] Known modes of oxygen injection into a kiln
can however exhibit various side effects or limitations
of kiln operations.

[0006] Sole oxygen lancing inside or very close to the
burner can result in hot spots near the lime surface
below the burner due to intense combustion. The fuel
and the lanced oxygen are close to each other. The
burner may as well suffer from overtemperature due to
proximity of combustion nearby processes.

[0007] Furthermore, as the oxygen lance is typically
fixed in size, its momentum is determined by the flow-
rate. With varying need of power in the lime kiln opera-
tion, it can be difficult to maintain a constant oxygen
supply relative to the power/fuel supply without chan-
ging the velocities of the oxygen jet which governs the
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nearby combustion process.

[0008] Sole oxygen injection at the backwall of the
kiln where the burner at low velocity is typically
mounted will practically result in general oxygen enrich-
ment of the auxiliary air which enters the kiln through
openings in lime coolers or through a general opening
where burnt lime falls out of the kiln. Such mode is
known to elevate NOx emissions upon high enrichment
levels and provides few means to control the individual
zones of the combustion process.

[0009] High velocity oxygen lancing adjacent to a
burner is known to reduce NOx as it effectively dilutes
oxygen with combustion products such as CO, and
H,O to obtain "flameless" combustion. However, such
lances are typically equipped with constant diameter
outlets and exhibit the same inflexibility as a lance in-
side a burner. Furthermore, too high velocity may ex-
tend the combustion process too far inside the kiln not
providing enough heat at the very end. Additionally,
flameless combustion requires high temperatures and
cannot safely be used at low temperatures such as
starting up a kiln after a cold shutdown.

[0010] Consequently, existing lance technologies ex-
hibit difficulties in being very flexible throughout the en-
tire operational range.

[0011] It is also known that mud or slag rings can
form at different locations around the inner circumfer-
ence of a lime kiln. The formation of such a material
ring can cause several operational problems, such as
negatively affect product quality or reduce throughput.
In severe cases it can cause unscheduled shutdown of
the kiln.

[0012] Ring formation is not uncommon and by no
means limited to lime kilns. It occurs in other types of
kilns, too. The ring formation depends on several fac-
tors including size and length of the kiln, composition of
the processed material, fuel, moisture content of the
material and the operating conditions of the kiln.

[0013] It is an object of the present invention to pro-
vide a method for operating a furnace using fuel of a
lower quality, in particular using wood powder or wood
chips as fuel.

[0014] It is another object of the present invention to
provide a method to reduce ring formation in a furnace,
especially in a kiln, and / or to rebuild an already
formed ring in the furnace or kiln.

Disclosure of the invention

[0015] This object is achieved by a method for pro-
cessing a material in a furnace, the furnace being en-
closed by a front side, a backwall and one or more
lateral walls, wherein a fuel and a primary oxidant are
fed into the furnace through a burner having a burner
outlet, the fuel and the primary oxidant are reacting in a
main combustion reaction, wherein the burner is pro-
vided in said backwall of the furnace, wherein a first
gaseous stream having an oxygen content of at least
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80 % by volume is injected into the furnace by means
of a first lance provided in said backwall, and wherein a
second gaseous stream having an oxygen content of at
least 80 % by volume is injected into the furnace by
means of a second lance provided in said backwall.
The invention is characterized in that the distance be-
tween the first lance and the center of the burner outlet
is less than 1.5 times the radius of the burner outlet,
and that the distance between the second lance and
the center of the burner outlet is more than 1.5 times
the radius of the burner outlet and that the distance
between the second lance and the lateral walls of the
furnace is more than 20% of the diagonal of said back-
wall of the furnace, and that the velocity of the first
gaseous stream is less than the velocity of the second
gaseous stream.

[0016] Advantageous further embodiments form the
subject matter of the dependent claims and of the sub-
sequent description.

[0017] The term "furnace" shall mean a chamber, de-
vice, or structure, especially a thermally insulated
chamber, device, or structure, designed and configured
to achieve and maintain elevated temperatures for the
controlled processing, treatment, or transformation of
materials. Typical applications include, but are not lim-
ited to, the firing of ceramics, the hardening or sintering
of materials, the curing of composites, the calcination of
minerals, and the thermal treatment and heat treatment
of various substances. The term "furnace" shall particu-
larly include kilns. Kilns are generally characterized by
their ability to subject materials to high temperatures
while providing precise temperature control and uni-
form heat distribution.

[0018] The interior of the furnace is enclosed by a
front side, a backwall and one or more lateral walls.
For example, the form of the front side and of the back-
wall can be a rectangle, a square or a polygon. The
interior of the furnace can be a cube, a cuboid or a
polyeder. The front side and the backwall can also be
a circle, an ellipse or an oval. In one embodiment the
interior of the furnace is essentially a cylinder with a
circular front side, a circular backwall and a curved lat-
eral wall. The axis of a furnace shall refer to the central
line running from the front side to the backwall. Gener-
ally, the axis describes the symmetry or alignment of
the furnace.

[0019] In a preferred embodiment the furnace is a
rotatable furnace or rotary furnace and in particular a
rotatable kiln. The rotation axis of the rotatable furnace
is preferably arranged perpendicular to the front side
and to the backwall of the furnace. In many cases, the
rotary furnace is a cylindrical vessel that rotates around
its axis. The rotary furnace is typically inclined slightly
so that the material inside moves through the furnace
as it rotates. Often the flue duct of the rotary furnace is
located at the backwall end of the furnace or at the front
side end of the furnace. In the latter case, the front side
might be provided with an opening through which the
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flue gases flow from the interior of the furnace into the
flue duct. The transition from the interior of the furnace
to the flue duct can also be continuous. This means
that there is no front wall physically limiting the interior
of the furnace but the front side of the furnace is iden-
tical with the inlet opening of the flue duct.

[0020] The material processed in the furnace or kiln
can include a wide variety of materials including lime-
stone, cement raw materials, clay or gypsum, cera-
mics, clay-based materials, metals, metal oxides or
powder metallurgy materials, organic and carbon-
based materials or minerals or waste materials. In one
embodiment limestone is processed in said furnace or
kiln. Preferably, the material is a solid state material or
it comprises solid state material.

[0021] According to the invention a fuel and a primary
oxidant are fed into the furnace through a burner hav-
ing a burner outlet. The burner outlet is the opening at
the end of the burner where the fuel and the primary
oxidant are released into the furnace.

[0022] The burner is provided in the backwall of the
furnace. The fuel and the primary oxidant are reacting
in a main combustion reaction. The primary oxidant is
preferably air but it can also be an oxidant with an oxy-
gen content of more than 21 vol-% (21% by volume),
for example oxygen enriched air. The fuel can be a
gaseous, liquid or solid fuel, for example natural gas,
oil, or other types of fossil fuels. In a preferred embodi-
ment, the fuel is or comprises a bio-fuel or renewable
fuel in gaseous, liquid or solid state, for example wood
powder, wood chips, lignin or bio-oil residues. Other
preferred fuels are granulated solids.

[0023] The fuel and the primary oxidant are fed into
the furnace through the burner. Typically, the ratio of
primary oxidant to fuel is maintained below the level
required for complete combustion since additional oxi-
dant is supplied by means of the first gaseous stream
and the second gaseous stream.

[0024] The first gaseous stream and the second gas-
eous stream have an oxygen content of at least 80% by
volume (80 vol-%). Preferably, the first and / or the
second gaseous stream have an oxygen content of
more than 90 vol-%, more than 95 vol-% or more than
99 vol-%.

[0025] The additional supply of a high oxygen oxidant
to the furnace has several advantages:

- The ignition of solid fuels becomes easier.

- Flame temperature and radiation are increased.

- The flue gas volume is decreased.

- Particle burn out is improved and flue gas losses
are reduced.

- Variations in moisture content and hence fuel heat-
ing can be balanced.

[0026] Thereby, the operational stability is improved.

- Full burn out of larger wood particles is achieved.
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[0027] The first gaseous stream is injected into the
furnace via a first lance. The term "lance" shall mean a
tubular device or a nozzle designed to introduce a gas-
eous stream into the furnace. The first lance is provided
in the backwall, that means in the same furnace wall
where the burner is located. The distance between the
first lance and the center of the burner outlet is less
than 1.5 times the radius of the burner outlet. For a
non-circular burner outlet the term "radius" shall refer
to half of the longest straight line connection between
two points on the boundary of the burner outlet. The
first lance can be located within the burner or outside
the burner. In any case the first gaseous stream is in-
jected into the furnace close to the primary oxidant and
to the fuel.

[0028] The second gaseous stream is injected into
the furnace by means of a second lance. The second
lance is also provided in the backwall where the burner
is located. The distance between the second lance and
the center of the burner outlet is more than 1.5 times
the radius of the burner outlet. That means, the second
lance is provided farther from the burner outlet than the
first lance. The second gaseous stream is injected out-
side the burner and it is more distant from the center of
the burner outlet than the first gaseous stream.

[0029] On the other hand, the second gaseous
stream shall not be injected too close to the lateral
walls, for example to the floor, of the furnace. In many
cases the material supplied to the furnace contains sig-
nificant amounts of dust. If the second gaseous stream
flows too close to the floor or to the lateral walls of the
furnace, there is a considerable risk that the dust is
blown up and negatively affects visual or camera
supervision of the combustion process. Therefore, the
present invention proposes to provide the second lance
in the backwall of the furnace such that its distance
from the lateral walls is more than 20% of the diagonal
of said backwall of the furnace. For a non-circular back-
wall the term "diagonal" shall refer to the longest
straight-line segment that can be drawn between two
points on the boundary of the backwall.

[0030] Finally, according to the invention the second
gaseous stream is injected into the furnace at a higher
velocity than the first gaseous stream. The different
velocities of the first gaseous stream and the second
gaseous stream enable additional degree of freedom
with respect to the location of energy release. The first
gaseous stream is located closer to the burner and has
a lower velocity than the second gaseous stream.
Therefore, the reaction between fuel and the first gas-
eous stream will take place closer to the backwall
whereas the reaction between the fuel and the second
gaseous stream will be located more distant from the
backwall. By modulating the flow of the first and / or
second gaseous stream the location of the combustion
reaction can be shifted.

[0031] The invention proposes to provide at least one
first gaseous stream and at least one second gaseous
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stream. It is also possible to have two, three or more
first lances and / or two, three or more second lances.
The use of two or more first lances and / or two or more
second lances provides improved control of the loca-
tion of the combustion reaction in a direction parallel to
the furnace axis as well as in a direction perpendicular
to the furnace axis.

[0032] The inventive method allows to modulate the
oxidant flow distribution between the primary oxidant,
the first gaseous stream and the second gaseous
stream. Thereby, the temperature profile and/or the lo-
cal gas/material equilibrium in the furnace can be mod-
ified. As described in the introductory part of the de-
scription, the so-called "ring formation" in kilns depends
on several factors including size and length of the kiln,
composition of the processed material, fuel, moisture
content of the material and the operating conditions of
the kiln. The inventive modulation of the oxidant flows
allows to prevent or reduce that ring formation, for ex-
ample by changing the flow conditions such that the
main combustion reaction is shifted between different
locations in the furnace.

[0033] The invention proposes to inject a first and a
second gaseous stream at different velocity and with
different momentum. This dual momentum lancing has
proven the possibility to change the heat release distri-
bution in the furnace. Thereby, the inventive dual mo-
mentum lancing provides means for controlling and re-
ducing the ring formation in furnaces. Furthermore, the
total NOx formation can be reduced.

[0034] In an embodiment of the invention the flow-
rates of the first gaseous stream and of the second
gaseous stream are controlled such that the fuel is
combusted close to the burner. This can be achieved
by increasing the flowrate of the first gaseous stream
relative to the second gaseous stream and / or by redu-
cing the velocity of the first gaseous stream. The result-
ing combustion of the fuel will then be near the burner
tip. This is in particular advantageous to support com-
bustion at a cold start of the burner and may completely
remove the need to use high quality fuel for ignition and
heat up.

[0035] Further advantages of the combustion reac-
tion taking place near the burner tip are to increase the
temperature to avoid clogging of fuel sources, to in-
crease temperatures to support liquid fuel droplets to
completely vaporize prior to hitting the surface of the
material to be processed in the furnace and to enhance
combustion of solid fuels due to improved gasification
and char burnout.

[0036] In lime kilns the combustion reaction near the
burner tip can locally and quickly increase temperature
on the lime batch material to increase CaCO3 burnout.
Further, it reduces the risk of agglomerating unfavour-
ably large lime clusters (due to incorporation of oily
residues inside the kiln) for subsequent dissolution
steps outside the lime kiln. Further, it can prevent da-
mage to the burner and / or to the first and second
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lances due to large falling blocks of lime which can
temporarily stick to the kiln wall.

[0037] On the other hand, the invention allows to shift
the combustion reaction to a location separated from
and more distant to the burner outlet. Thereby, flame-
less combustion can be achieved which reduces NO,.
In general, enhanced oxygen injection via the second
gaseous stream provides means to shift the combus-
tion process along the furnace axis towards the side
opposite the burner and hence to move heat release
further down into the furnace.

[0038] In a preferred embodiment the velocity of the
first gaseous stream is between 20 m/s and 200 m/s.
The minimum velocity of the first gaseous stream is 20
m/s, 30 m/s, 50 m/s or 70 m/s. The maximum velocity
of the first gaseous stream is 200 m/s, 180 m/s, 150
m/s or 100 m/s.

[0039] The first lance is designed to obtain a pre-
ferred outlet diameter and is preferably positioned so
that the momentum generated by the first gaseous
stream is sufficient to avoid direct coalescence of the
oxygen of the first gaseous stream and the fuel jet or
fuel jets. Furthermore, the oxygen should have enough
momentum to be efficiently dispersed and start to coa-
lesce with the fuel downstream of the burner, approxi-
mately, at a distance of earliest %2 burner outlet dia-
meter. Preferably, the oxygen should carry enough mo-
mentum to effectively pull in a considerable proportion
of the fuel at 2 burner distance.

[0040] It is also preferred to set the velocity of the
second gaseous stream to more than 100 m/s, more
than 200 m/s or more than sonic speed. The second
lance is preferably provided with a convergent-diver-
gent nozzle or a de Laval nozzle. The nozzle may be
directed parallel to the furnace axis. The nozzles of the
second lance may also be directed towards the axis of
the furnace.

[0041] The second lance is preferably designed to
obtain very high velocities already at low flow rates
and low operational power. In one embodiment the sec-
ond lance is operated at high operational power and /
or at high flow rates such that a choked flow is
achieved.

[0042] The first gaseous stream is injected into the
furnace near the burner. In an embodiment the first
gaseous stream is injected into the furnace at a dis-
tance from the center of the burner outlet which is less
than 1.2 times the radius of the burner outlet, less than
the radius of the burner outlet or less than 0.5 times the
radius of the burner outlet.

[0043] The second gaseous stream is injected into
the furnace at a distance from the center of the burner
outlet which is more than 1.5 times, more than 2 times
or more than 3 times the radius of the burner outlet.
[0044] In another embodiment the distance between
the second lance and the lateral wall(s) of the furnace
is more than 20%, more than 30% or more than 40% of
the diagonal of the backwall of the furnace.
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[0045] In a preferred embodiment of the invention the
burner is mounted in the center of the backwall.

[0046] The inventive method is particularly preferred
for the use of a fuel which comprises solid material. The
fuel can be a solid fuel or a combination of solid materi-
al and liquid or gaseous fuel. A preferred solid fuel con-
sists of or comprises granulated material, for example
wood chips or wood powder.

[0047] Beyond supporting solids combustion, oxygen
injection is of interest to reduce the need of liquid bio-
oils/residues that may be used elsewhere and hence
promote furnace operation with nearly 100% solids.
The inventive injection of the first and second oxygen
containing stream can also mitigate the need of using
very dry solid fuel sources and the need of very fine
granulation of solids (that is smaller than 1 mm in gen-
eral and a sizable proportion lower than 0.5 mm)
[0048] Oxygen is introduced into the furnace via the
stream of primary oxidant, via the first gaseous stream
and via the second gaseous stream. If there is more
than one first gaseous stream and / or more than one
second gaseous stream, all first and second gaseous
streams are considered. Further, there is air which en-
ters the furnace through leaks or openings. For exam-
ple, in some cases a fan is placed in the flue gas duct
to suck flue gases out of the furnace and at the same
time suck air into the furnace through cracks or gaps or
through the material outlet opening.

[0049] In one embodiment of the invention a fan is
provided in the flue gas duct of the furnace. The fan is
used to suck gas out of the furnace. As described
above, at the same time air might be sucked into the
furnace, too. This fan may be used to control the com-
bustion process in the furnace. Therefore, the opera-
tion of the fan is preferably controlled depending on
one or more of the following parameters: furnace tem-
perature, flue gas temperature, oxygen content of the
flue gas, completeness of fuel combustion, fuel burnout
and / or level of calcination of limestone (if the furnace
is a lime kiln).

[0050] In the following, the ratio of oxygen (in % by
volume) supplied by the first and second gaseous
streams to the total oxygen (in % by volume) needed
for stoichiometric combustion of the fuel shall be abbre-
viated with POP. "POP 0" shall mean that no oxygen is
supplied by the first and second gaseous streams.
"POP 100" shall mean that all oxygen is supplied via
the first and second gaseous streams.

[0051] In an embodiment of the invention, the total
flow of oxygen supplied via the first and the second
gaseous streams is maximum 60 % of the total oxygen
needed for a stoichiometric combustion of the fuel sup-
plied to the furnace (POP 60). In another embodiment
the maximum flow through the first and second lances
shall be limited to a level where POP 50 is reached,
that is 50% of all oxygen needed for the combustion
process is supplied by the first and second gaseous
streams. Preferably, the total oxygen supply by the pri-
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mary oxidant and by the first and second gaseous
streams is selected so that the furnace operates at a
POP range between 10 and 40 or at a POP range
between 10 and 30 or at a POP range between 10 and
20.

[0052] According to another embodiment of the in-
vention, the total flowrate of the first gas stream and of
the second gas stream is kept constant. The primary
oxidant flow can be increased, decreased or can be
kept constant. In the latter case the POP value would
be kept constant.

[0053] According to another embodiment one or
more first gaseous streams and one or more second
gaseous streams are injected into the kiln and the total
flowrate of oxygen supplied via the first gas streams
and via the second gas streams is between 10 vol-%
and 45 vol-% of the total oxygen required for a stoichio-
metric combustion of the fuel supplied to the kiln.
[0054] In a preferred embodiment, there is always a
minimum flow rate of the first gaseous stream and of
the second gaseous stream to allow a minimum pur-
ging flow through the first and second lances in order
to keep the outlets of the first and second lances and /
or of their nozzles clear. This minimum purging flow is
typically 5 vol-% of the maximum amount of oxygen
supplied through the first and second lances (depend-
ing on the selected POP value). This minimum purging
flow is not necessary if another gas is used for purging
purposes.

[0055] Preferably, a process parameter, such as the
furnace temperature, the temperature profile along the
furnace axis, the NOx content of the flue gas and / or
the level of fuel burnout, is determined and the flow of
the first gaseous stream and the flow of the second gas
stream are adjusted depending on the process para-
meter.

[0056] The flowrates of the first and the second gas
streams are preferably coupled to exploit a varying de-
gree of features as described below. The first gaseous
stream and the second gaseous stream are both oxi-
dants with a high oxygen content of at least 80 vol-%.
The inventive injection of these two gaseous streams is
especially beneficial to kilns fired with solid fuels, and in
particular to wood fired kilns.

[0057] The oxygen injection via the first gaseous
stream has the following advantages:

- Oxygen injection near the burner outlet provides
combustion support and improves the cold start of
the burner. The need to use high quality fuel for
ignition and heat up may be completely removed.

- Oxygen injection near the burner outlet can in-
crease temperatures to avoid clogging of fuel
sources.

- Oxygen injection near the burner outlet can in-
crease temperatures to support liquid fuel droplets
to completely vaporize before they hit the surface
of the material to be processed. The risk of ag-
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glomerating unfavourably large lime clusters (due
to incorporation of oily residues inside the kiln) for
subsequent dissolution steps outside the lime kiln
is minimized. Damage to the burner and / or to the
first and second lances due to large falling blocks
of lime which can temporarily stick to the kiln wall is
prevented.

- Oxygen injection near the burner outlet can locally
and quickly increase the temperature on the mate-
rial to be processed and, in the case of limestone,
CaCOa3 burnout is increased.

- Oxygen injection near the burner outlet also sup-
ports and enhances combustion of solid fuels due
to improved gasification and char burnout.

[0058] The oxygen injection via the second high velo-
city gaseous stream has the following advantages:

- Oxygen injection separated from the burner can
reduce NOx via flameless combustion.

- Oxygen injection separated from the burner pro-
vides means to move the combustion process
along the furnace axis towards the opposite side
of the burner and hence move heat release further
down into the furnace in the direction of the front
side.

[0059] The following observations have been made
from first tests of the inventive process.

- Increased production capacity

- Reduced energy consumption

- Increased operational stability

- Increased CaO yield

- Avoiding oil-wood residue mixtures which clog the
burner tip

[0060] In view of these advantages the invention is in
particular beneficial for heat treatment processes in fur-
naces where solid fuels, low calorific fuels or low quality
fuels are combusted. Compared to the prior art, the
invention provides means to effectively use all advan-
tages of the different ways of oxygen injection and / or
oxygen lancing into a furnace without limiting opera-
tions with their individual disadvantages. Furthermore,
having a first and a second lance provides means to
control combustion beyond the limitations of the burner
and enables a controlled heat release in the axial direc-
tion of the furnace.

[0061] Further advantages and embodiments of the
invention will become apparent from the description
and the accompanying drawings.

[0062] It should be noted that the previously men-
tioned features and the features to be further described
in the following are usable not only in the respectively
indicated combination, but also in further combinations
or taken alone, without departing from the scope of the
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present invention.

[0063] The invention will now be further described
with reference to the accompanying drawings, which
show a preferred embodiment.

Brief description of the drawings
[0064]
Fig. 1

schematically shows a rotary kiln for proces-
sing a solid material

Detailed description of the drawings

[0065] Fig. 1 schematically shows a rotary lime kiln 1
for the thermal treatment and, particularly, for calcina-
tion of limestone 2. The kiln 1 is of essentially cylindri-
cal form with a front side 3, a backwall 4 and lateral
walls 5. The front side 3 of the rotary kiln 1 is open
without a frontwall. A flue gas duct 15 is directly con-
nected to the furnace 1 so that the open front side 3 of
the furnace 1 is the inlet to the flue gas duct 15. There
might be a small gap 16 between the furnace 1 and the
flue gas duct 15.

[0066] Limestone 2 is introduced into the lime kiln 1,
usually in the form of crushed rock or pellets, and forms
a bed within the rotary kiln 1.

[0067] The rotary kiln 1 maybe oriented with its axis
in an essentially horizontal direction or at an angle to
the horizontal with an elevated point at the limestone
material input and a lower point at the limestone re-
moval side. In this way the passage of material 2
through the kiln 1 is facilitated. After its passage
through the kiln 1 the material 2 leaves the kiln 1
through an opening 13 in the lateral wall 5 close to the
backwall 4 of the kiln 1.

[0068] The furnace 1 is heated by a burner 6. The
burner 6 is supplied with a fuel 7 and with a primary
oxidant 8, either separately or together. The primary
oxidant 8 is typically air. The burner 6 is provided in the
backwall 4 of the rotary kiln 1. The limestone material 2
is preferably introduced into the kiln 1 at the end oppo-
site to the location of the burner 6, that means the
material 2 is supplied at or close to the front side 3 of
the kiln 1. The fuel 7 and the primary oxidant 8 leave
the burner through burner outlet 9 and react in a main
combustion reaction 10. The burner 6 is typically de-
signed for an output power between 1 MW and 50 MW.
[0069] The fuel 7 is preferably a solid fuel, such as
wood chips, wood powder, pulverized coal or pulver-
ized coke or any other granulated solids, or a mixture
of solid fuel and gaseous fuel. The fuel 7 can also be a
liquid fuel and / or a low calorific fuel, for example a fuel
from gasified wood residues, or a mixture of a low ca-
lorific fuel and a high calorific fuel.

[0070] The resulting main combustion reaction of the
fuel 7 and primary oxidant 8 passes through the kiln
countercurrent to the direction of the limestone material
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2. The flue gas 14 leaves the kiln through the flue gas
duct 15 connected to the front side 3 of the kiln 1. The
produced heat is transferred to the limestone material 2
and causes the material 2 to react. For calcination of
the limestone 2 a temperature between 900 °C and
1100 °C is required. To achieve the required high tem-
peratures, the fuel is combusted with the primary oxi-
dant and with additional gaseous oxidant supplied via
one or more first lances 11 and via one or more second
lances 12. For sake of clarity only one first lance 11 and
one second lance 12 is shown in figure 1.

[0071] The oxidant supplied as the first gaseous
stream and as the second gaseous stream has an oxy-
gen content of at least 80 vol-% and it is preferably
technical pure oxygen with a purity of more than 90
vol-%, more than 95 vol-% or more than 99 vol-%.
[0072] The burner 6 as well as the first lance(s) 11
and the second lance(s) 12 are mounted in the back-
wall 4 of the furnace 1. The first lance 11 is provided
within the burner 6 and the first gaseous stream leaves
the burner 6 through the burner outlet 9 together with
the fuel 7 and the primary oxidant 8. The second lances
12 are also provided in the backwall 4 of the furnace 1
but at a larger distance from the center of the burner
outlet 9 than the first lances 11. The second lances 12
may be provided with nozzles to accelerate the gas-
eous stream leaving the second lance(s) 12. The noz-
zles belonging to the second lances may preferably be
of convergent-diverging type (de Laval nozzle).

[0073] The first and the second gaseous streams are
lanced into the rotary kiln 1 through one or more of the
lances 11, 12. Due to the different location of the first
and second lances 11, 12 and due to the different velo-
cities at which the first and second gaseous streams
are introduced into the kiln 1, the first and second gas-
eous streams intermix with the main combustion reac-
tion 10 at different locations in the kiln 1. This allows to
control the combustion process and the flame charac-
teristics, for example flame shape and flame intensity.
By increasing the flowrate of the second gaseous
stream the main combustion reaction 10 can be shifted
in the axial direction of the furnace towards the front
side 3. By increasing the flowrate of the first gaseous
stream the main combustion reaction 10 will take place
closer to the burner outlet 9. For example, in figure 1
the main heat release can be varied between point A
and point B by modifying the flowrates and / or veloci-
ties of the first and the second gaseous stream 11, 12.
Thereby, the conditions for the undesired ring formation
are changed and ring formation can be prevented. It
might even be possible to reduce an already existing
ring by proper control of the first and second gaseous
stream.

[0074] The total flow through the first and the second
lances 11, 12 is limited to a level where POP 40 or
maximum POP 50 is reached. The first lance 11 is de-
signed to obtain a preferred outlet diameter and is pre-
ferably positioned so that the momentum generated by
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the first gaseous stream is sufficient to avoid direct
coalescence of the first gaseous stream and the jet of
fuel 7. Furthermore, the first gaseous stream should
have enough momentum to be efficiently dispersed
and start to coalesce with the fuel 7 downstream of the
burner, approximately, at a distance of earliest ¥ bur-
ner diameter. Preferably, the oxygen should carry en-
ough momentum to effectively pull in a proportion of the
fuel at ¥z burner distance.

[0075] The second lance 12 is preferably designed to
obtain very high velocities already at low flow rates and
low operational power. This may effectively result into
choked flow at high operational power and high flow
rates. The second lances 12 may also have nozzles
that are directed towards the axis of the furnace 1.
[0076] The limestone material 2 which forms the bed
in the kiln 1 may include dust or small particles. The
dust and the small particles may have been introduced
into the kiln 1 with the original limestone material or
they may have been produced as a result of the heat
treatment reactions in the kiln 1. The second gaseous
stream is a high velocity gas stream and could stir up
the dust or the small particles of the bed material. This
would considerably interfere with the visual or camera
supervision of the combustion process. Therefore, the
second lance 12 is located in the backwall 4 at a dis-
tance from the lateral wall 5 of more than 20% of the
diagonal of the backwall 4. In case of a cylindrical kiln 1
the diagonal is identical to the diameter of the backwall
4. At such distance from the lateral wall 5 the second
gaseous stream does not upset the bed material 2.
[0077] A fan 17 can be provided in the flue gas duct
15. The speed and the operation of the fan 17 is con-
trolled depending on the temperature and the oxygen
content of the flue gas 14. The fan 17 sucks flue gas 14
out of the furnace 1 and at the same time air might be
sucked into the furnace 1 through the opening 13. The
air comes into contact with the hot lime stone material 2
and enters the furnace 1 as preheated air which sup-
ports the combustion of the fuel 7.

Example:

[0078] A rotary lime kiln is designed for lime produc-
tion of 5 to 50 tons per hour. A solid fuel burner in the
lime kiln is designed to operate in a power range of 30
to 40 MW. The amount of fuel supplied to the kiln is
between 1000 and 10000 kg per hour of wood chips,
wood powder or bio fuel. The total oxygen supplied to
the kiln is between 200 and 5000 Nm3 per hour.

[0079] The first lance 11 is designed so that it obtains
an outlet diameter to sustain a preferred minimum velo-
city of typically 50 m/s at the lowest intended furnace
power of 30MW. About 20% of the additional oxidant (in
addition to the primary oxidant 8) is supplied via the first
lances 11 and about 80% of the additional oxidant is
supplied via the second lances 12. At POP=30 the ra-
dius of the first lance 11 is determined to approximately
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1.5 cm.

[0080] The second lance 12 is designed so that it
obtains an outlet diameter to sustain a minimum velo-
city of typically 150 m/s at the lowest intended furnace
power of 30 MW. The radius of the second lance 12
can then be determined to approximately 1.25 cm.

Claims

1. A method for processing a material in a furnace,
the furnace being enclosed by a front side, a back-
wall and one or more lateral walls, wherein a fuel
and a primary oxidant are fed into the furnace
through a burner having a burner outlet, the fuel
and the primary oxidant are reacting in a main
combustion reaction,

wherein the burner is provided in said backwall
of the furnace,

wherein at least one first gaseous stream hav-
ing an oxygen content of at least 80 % by vo-
lume is injected into the furnace by means of
at least one first lance provided in said back-
wall,

wherein at least one second gaseous stream
having an oxygen content of at least 80 % by
volume is injected into the furnace by means of
at least one second lance provided in said
backwall,

characterized in that

the distance between the first lance and the
center of the burner outlet is less than 1.5
times the radius of the burner outlet,

and that the distance between the second
lance and the center of the burner outlet is
more than 1.5 times the radius of the burner
outlet

and that the distance between the second
lance and the lateral walls of the furnace is
more than 20% of the diagonal of said back-
wall of the furnace,

and that the velocity of the first gaseous
stream is less than the velocity of the second
gaseous stream.

2. The method of claim 1, characterized in that the
velocity of the first gaseous stream is between 20
m/s and 200 m/s, preferably between 30 m/s and
100 m/s.

3. The method of any one of the preceding claims,
characterized in that the velocity of the second
gaseous stream is more than 100 m/s, more than
200 m/s or more than sonic speed.

4. The method of any one of the preceding claims,
characterized in that the second lance is provided
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with a convergent-divergent type nozzle or a de
Laval nozzle.

The method of any one of the preceding claims,
characterized in that the furnace is a rotatable
furnace, especially a rotatable kiln.

The method of any one of the preceding claims,
characterized in that the material to be processed
is a solid material or comprises a solid material.

The method of claim 6, characterized in that lime-
stone is processed in said furnace.

The method of any one of the preceding claims,
characterized in that the distance between the
first lance and the center of the burner outlet is less
than 1.2 times the radius of the burner outlet, , less
than the radius of the burner outlet or less than 0.5
times the radius of the burner outlet.

The method of any one of the preceding claims,
characterized in that the distance between the
second lance and the center of the burner outlet is
more than 2 times or more than 3 times the radius
of the burner outlet.

The method of any one of the preceding claims,
characterized in that said fuel is a solid fuel or
comprises a solid fuel such as wood powder.

The method of any one of the preceding claims,
characterized in that a process parameter of the
main combustion reaction is determined and that
the flow of the first gaseous stream and the flow of
the second gas stream are adjusted depending on
the process parameter.

The method of any one of the preceding claims,
characterized in that the total flowrate of the first
gas stream and of the second gas stream is kept
constant.

The method of any one of the preceding claims,
characterized in that one or more first gaseous
streams and one or more second gaseous streams
are injected into the kiln and that the total flowrate
of oxygen supplied via the first gaseous streams
and via the second gaseous streams is between
10 vol-% and 40 vol-% of the total oxygen required
for a stoichiometric combustion of the fuel supplied
to the furnace.

The method of any one of the preceding claims,
characterized in that the velocity of the first gas-
eous stream is selected such that it starts to coa-
lesce with the fuel at a distance of at least half of
the burner diameter.
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15. Furnace for carrying out a method according to one

of the preceding claims, characterized in that the
furnace is enclosed by a front side, a backwall and
one or more lateral walls, wherein a burner is pro-
vided in said backwall of the furnace, wherein a
first lance for providing a first gaseous stream hav-
ing an oxygen content of at least 80 % by volume is
provided in said backwall,

wherein a second lance for providing a second
gaseous stream having an oxygen content of
at least 80 % by volume is provided in said
backwall,

wherein the distance between the first lance
and the center of the burner outlet is less than
1.5 times the radius of the burner outlet,

and wherein the distance between the second
lance and the center of the burner outlet is
more than 1.5 times the radius of the burner
outlet

and wherein the distance between the second
lance and the lateral walls of the furnace is
more than 20% of the diagonal of said back-
wall of the furnace.
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