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(57) Abstract: This invention relates to the thermal treatment of lump or agglomerated material in a firing machine (1 ) with a trav -
elling grate (2) on which the material is conveyed through the firing machine (1 ), a firing chamber (4) for generating the temperat -
ures required for the thermal treatment, a cooling zone (5) in which cooling gases are passed through the thermally treated material,
and a recuperation tube (7) through which the heated cooling gases are recirculated to the firing chamber (4). In the ceiling (8) of the
firing chamber (4) a plurality of openings (9) is provided, through which the heated cooling gases from the recuperation tube (7) can

enter into the firing chamber (4).



2012299747 20 Aug 2015

(6]

10

15

20

25

30

APPARATUS AND METHOD FOR THE THERMAL TREATMENT
OF LUMP OR AGGLOMERATED MATERIAL

This invention relates to an apparatus for the thermal treatment of lump or agglomerat-
ed material in a firing machine, in particular for iron pellets, with a travelling grate on
which the material is conveyed through the firing machine, a firing chamber for generat-
ing the temperatures required for the thermal treatment, a cooling zone in which cooling
gases are passed through the thermally treated material, and a recuperation tube
through which the heated cooling gases are recirculated to the firing chamber. Subject-
matter of the invention also is a method for the thermal treatment in such firing ma-

chine.

The thermal treatment of pellets, in particular the fire-hardening of iron ore pellets,
mostly is effected on travelling grates with gas hoods, which are referred to as indurat-
ing machine. As seen in running direction, the pellet firing machines have various,
possibly further sub-divided treatment zones, in particular a drying zone, thermal treat-
ment zones for preheating and firing, and a cooling zone. The required process heat is
generated by combustion of liquid, gaseous or solid fuel. To optimize the energy utiliza-

tion, gas recirculation systems are provided.

From EP 0 030 396 B1, for example, a method for the thermal treatment of pellets is
known, in which the unfired pellets are conveyed over a travelling grate and dried in a
pressure drying zone and a suction drying zone by means of recirculated process
gases. In a heating zone and a firing zone, heated cooling gases are sucked through
the pellet layer. Said gases are supplied from the cooling zone via a recuperation
conduit and lateral supply ducts to 38 firing chambers distributed along the length of the
firing zone, heated there with 38 oil burners and via firing chamber outlets supplied to
the heating and firing zone, in which in addition solid fuel provided on the surface of the
pellet bed is burnt. In dependence on the fuel used and the burner capacity, very high
flame temperatures can occur, which leads to a stress of the refractory material and
increases the nitrogen oxide (NO,) emissions. Since the air supplied to the firing cham-

bers via the supply ducts impinges on the firing flame from above at an angle of 90°,
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said flame is deflected and contacts the refractory-lined wall of the firing chamber,
which can lead to damage. The impulse of the cold primary air here is too low to gener-
ate a flame-stabilizing spin. On the other hand, the amount of primary air cannot be
increased without an undesired increase of the fuel consumption. In addition, consider-
able heat losses occur at the walls of the lateral supply ducts for the firing chambers,

due to the large surface area.

A first aspect according to the invention provides an apparatus for the thermal treat-
ment of lump or agglomerated material in a firing machine with a travelling grate on
which the material is conveyed through the firing machine, a firing chamber for generat-
ing the temperatures required for the thermal treatment, a cooling zone in which cooling
gases are passed through the thermally treated material, and a recuperation tube
through which the heated cooling gases are recirculated to the firing chamber, wherein
in the ceiling of the firing chamber a plurality of openings are provided, through which
the heated cooling gases can enter into the firing chamber from the recuperation tube
can enter into the firing chamber, wherein in the side walls of the firing chamber a
plurality of burners is provided and wherein said burners are directed obliquely up-
wards. By omitting the outer supply ducts used in the prior art and by introducing the
heated cooling gases as secondary air directly into the firing chamber arranged above
the travelling grate, the heat losses through the walls can be minimized. At the same
time, space can be saved in the plant. In accordance with an embodiment of the inven-
tion, the hood of the thermal treatment zone is used as a large common firing chamber,
instead of providing numerous individual firing chambers like in the prior art. As a

result, the plant investments can also be reduced considerably.
Therefore, a possible advantage is that an embodiment may diminish the refractory

damages at the firing chambers and reduce the emissions. In addition, energy should

be saved by a reduction of the heat losses.

In accordance with an embodiment, the openings are round or formed as tetragonal

brick cut outs. It is also possible that in the ceiling of the firing chamber one or more
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long slots are formed, through which the recirculated cooling gases enter into the firing

chamber.

In accordance with an embodiment, the ceiling of the firing chamber is arched and
thereby serves as self-supporting dividing wall between the recuperation tube and the

firing chamber.

In accordance with an embodiment, a plurality of burners without their own firing cham-
ber is provided in the side walls of the firing chamber, which according to an embodi-
ment are directed obliquely upwards at an angle of 20 to 60° and in particular at an
angle of 30 to 50°, in the direction of the ceiling through which the hot cooling gases
are supplied. In accordance with a development of this inventive idea, the angle of
inclination of the burners is adjustable. Due to the cross- and counterflow of the hot
firing waste gases and the recirculated heated cooling gases an intensive mixing of the
gases is achieved, which leads to a fast and complete combustion over a short dis-
tance. Due to the jet division into many individual flames, temperature peaks in the

flame and hence the formation of nitrogen oxides is reduced.

Instead of the large firing chambers provided in the prior art, merely small inlet open-
ings (burner ports) may be provided in the wall for inserting in the burners. As a result,
the burners can be arranged much more easily, in a higher density and correspondingly
with less individual heating power. Due to the fine raster of the burners in the nozzle
wall, a homogeneous temperature distribution can be achieved in the firing chamber.
Peak temperatures in the firing chamber may be avoided, so that the refractory lining is

protected and the nitrogen oxide emissions can be reduced.

In accordance with an embodiment, the burners each are surrounded by an air tube
through which primary air is supplied. Instead of ambient air, oxygen-enriched air or
pure oxygen can also be supplied. In accordance with an embodiment, the burners
include baffles for generating a spin, in order to achieve an intensive mixing of the fuel

with the primary air.

6604736_1 (GHMatters) P35890.AU DENISET
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In accordance with an embodiment the burners are combined to groups each which
have safety valves associated to them. As a result, the number of these safety groups

can be reduced and the investment costs can be lowered.

Preferably, at least some of the burners are formed as fuel lances through which the
fuel is directly introduced into the firing chamber and ignites there spontaneously due to
the high temperatures. The fuel lances may not require any additional optical flame
detectors and igniters, instead, fail-safe thermocouples are used in accordance with an
embodiment. Due to a lower heating power of the individual burners, the flame temper-
atures can be reduced, so that the formation of thermal NO, is reduced and the nitro-
gen oxide emissions and the flame lengths can be decreased thereby to a limited
extent. In accordance with an embodiment , a further decrease of the flame tempera-
tures can be achieved by additionally injecting water, preferably demineralized water.
The total heating power required can be achieved by a correspondingly high number of

burners.

In principle, it is also possible to achieve a flameless oxidation of the fuel in the firing
chamber with a corresponding design, by introducing the fuel into the hot waste-gas-
and oxygen-containing gas stream at high firing chamber temperatures. As described in
DE 102 17 913 A1, the flameless oxidation is not dependent on the formation of a
stable flame. Therefore, relatively high gas velocities can be employed, with the oxida-

tion of the fuel extending over a larger distance between inlet and outlet.

Another aspect of the invention provides a method for the thermal treatment of lump or
agglomerated material in a firing machine, in particular for iron pellets, wherein the
material is conveyed through the firing machine on a travelling grate, in which firing
machine the material is thermally treated in at least one firing chamber, wherein the
material subsequently is cooled by means of cooling gases passed there through and
the cooling gases thus heated are at least partly recirculated through a recuperation
tube and are introduced into the firing chamber in which the temperatures required for
the thermal treatment are generated by the combustion of fuel. The heated cooling
gases are directly sucked from the recuperation tube through openings in the ceiling of

the firing chamber into the firing chamber, wherein in the side walls of the firing cham-
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ber a plurality of burners is provided, and wherein said burners are directed obliquely

upwards.

Further features, advantages and possible applications of the invention can also be
taken from the following description of an exemplary embodiment and the drawing. All
features described and/or illustrated form the subject-matter of the invention per se or

in any combination, independent of their inclusion in the claims or their back-reference.

In the drawing:

Fig. 1 schematically shows a section through an apparatus according to an em-

bodiment of the invention,

Fig. 2 schematically shows a section through the apparatus of Fig. 1 along line Il-II

in a slightly perspective view,

Fig 3 shows a perspective view from below of the firing chamber with recupera-

tion tube arranged above the same, and

Fig. 4 shows a schematic perspective view of a burner nozzle.

In the burner machine 1 for the thermal treatment of iron pellets, which is schematically
shown in Fig. 1, the unfired pellets are conveyed over a travelling grate 2 and dried in a
drying zone 3 for example by means of recirculated process gases. In the direction
indicated by the arrow, the travelling grate 2 with the dried pellets subsequently passes
through a firing chamber 4 in which the pellets are fired at a temperature of about 1350
°C. After passing through the firing chamber 4, the pellets are supplied to a cooling
zone 5 in which they are cooled by means of air. In the cooling zone 5, the air is sucked
from a wind box 6 provided below the travelling grate 2 upwards through the pellet layer
and is heated by the hot, fired pellets. The cooling gases thus heated then are recircu-
lated to the firing chamber through a hood-shaped recuperation tube 7 which is ar-

ranged above the firing chamber 4.

6604736_1 (GHMatters) P35890.AU DENISET
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In other processes, the firing temperature can be different. The positive effects of the
NOx actually rise, however, with higher process temperatures. With other products,

however, a product layer other than pellets is imaginable on the travelling grate.

As can be taken in particular from Fig. 2, a dense raster of air openings 9 is provided in
the arched ceiling 8 of the firing chamber 4, which at the same time forms the bottom of
the recuperation tube 7, through which openings the hot process air is introduced into
the firing chamber 4 with a temperature of 800 to 1100 °C. Due to the negative pres-
sure which is generated by wind boxes 10, 11 arranged below the firing chamber 4, the
air is sucked into the firing chamber 4 and then through the pellet layer and the travel-
ling grate 2 and thereby serves as secondary air for the combustion process in the
firing chamber 4 and at the same time for preheating the pellets conveyed on the travel-
ling grate 2. The firing chamber 4 is separated from the cooling zone 5 by a dividing

weir 12.

The construction of the firing chamber will be explained in detail below with reference to
Figures 2 and 3. In the arched ceiling 8 of the firing chamber 4 openings 9 are provid-
ed, which in the embodiment shown in Fig. 2 are designed as round openings 9a and in
the embodiment shown in Fig. 3 as oblong slots 9b. It is of course also possible to
provide other shapes for the openings 9, for example as tetragonal brick cut outs in the
masoned ceiling 8, or to combine different shapes. With regard to the number and size
of the openings, the raster of the openings 9 is designed according to the velocity of the
travelling grate 2 passing through the firing machine 1, so that a sufficient amount of

secondary air can be supplied.

The wall of the firing chamber 4 is brick-lined with refractory material, wherein in the
lower region of the side walls 13 burner bricks 14 are provided, which include burner
ports 15 (possibly with burner flanges) for leading through burners 16 described below.
On its lower side, the firing chamber 4 is terminated by the travelling grate 2 passing
through the same, on which the pellets are arranged and which on its grate carriage
side walls 17 is sealed against the side walls 13 in a non-illustrated, conventional
manner. The travelling grate 2 is rolling with its wheels 19 on non-illustrated rails of the

firing machine 1.

6604736_1 (GHMatters) P35890.AU DENISET
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As is shown in Fig. 2, the burners 16 are arranged such that they eject flames 20 di-
rected obliquely to the top with an angle of 20 to 60°, preferably about 35° (with a
travelling grate having a width of about 4 m). The angle of inclination of the burners 16
depends on the conveying width of the travelling grate 2. The burner angle also can be
adjustable. Liquid, gaseous or solid pulverized fuel, in particular oil or gas, is supplied
to the burners 16 through a central fuel conduit 21, from which flexible burner connect-
ing lines 22 branch off. Dust, for example, can be used as solid fuel coal which because
of the ash transport problem or the ash deposit on the pellets only is added in a limited
amount. Through a central air conduit 23, which is connected with the individual burn-
ers 16 via flexible burner connecting lines 24, cold primary air, oxygen-enriched air or

pure oxygen is supplied to said burners. The hardening effect can be thereby improved.

In addition, water can be supplied to the burner lances 16 through a third conduit 27
and be injected into the firing chamber 16 for flame cooling, so as to further reduce the

NO, values. For this purpose, demineralized water is preferably used.

As can be taken from Fig. 4, the burners 16 include an air tube 25 around the centrally
arranged fuel supply conduits 22. Via fuel-air mixing means (turbulator) 26 inserted into
the burners 16 a spin is created, in order to stabilize the flame. In the mixing means 26,
a central nozzle 28 can be provided for injecting the water supplied through the water
conduit 27.

The temperature in the firing chamber 4 is determined in consideration of the velocity of
the travelling grate 2 by a corresponding design of the burners 16, such that a tempera-
ture of about 1350 °C is achieved. A part of the burners 16 can be replaced by burner
lances without their own ignition mechanism. The fuel/air mixture emerging from the
burner lances ignites spontaneously due to the high temperature existing in the firing
chamber, which is admissible from a temperature of about 750 °C (cf. for example EN
746-2).

In operation, the pressure in the recuperation tube 7 usually is about 1 to 2 mbar g,

whereas the pressure below the travelling grate 2 is about -20 to -30 mbar g, i.e. a

6604736_1 (GHMatters) P35890.AU DENISET
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distinct negative pressure. As a result, the cooling gases recirculated from the cooling
zone 5 are sucked off through the openings 9 in the ceiling 8 of the firing chamber 4
into the firing chamber and subsequently through the pellet layer present on the travel-
ling grate 2 into the wind boxes 10, 11. Due to the secondary air flowing in from above
and the flame directed obliquely upwards from the burners 16 a cross- and counterflow
is obtained, which leads to an intensive mixing and hence a uniform heating of the firing
chamber. There is obtained a better energy distribution and a lower flame temperature
spread. Thus, the introduction of heat can be controlled in a better way. Since the
cooling gases are directly sucked into the firing chamber 4 from the recuperation tube 7
arranged above the firing chamber 4, the outer wall region is reduced in size, so that

the heat losses are distinctly reduced.

In principle, the invention can be employed in all methods and materials in which air is
recirculated into the process with a high temperature (at least 750 °C) and sucked

through the travelling grate, for example also in the cement or ceramics production.
It is to be understood that, if any prior art publication is referred to herein, such refer-

ence does not constitute an admission that the publication forms a part of the common

general knowledge in the art, in Australia or any other country.
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List of Reference Numerals:

© 0 N O O A WODN

firing machine
travelling grate

drying zone

firing chamber

cooling zone

wind box

recuperation tube
ceiling

air openings

round air opening

slot

wind boxes

dividing weir

side walls

burner bricks

burner ports

burner / burner lance
grate carriage side wall
wheels

flames

fuel conduit

burner connecting lines (fuel)
air conduit

flexible burner connecting lines (air)
air tube

fuel-air mixing means
water conduit

nozzle
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Claims:

1.  An apparatus for the thermal treatment of lump or agglomerated material in a

firing machine with a travelling grate on which the material is conveyed through

5 the firing machine, a firing chamber for generating the temperatures required for
the thermal treatment, a cooling zone in which cooling gases are passed through

the thermally treated material, and a recuperation tube through which the heated

cooling gases are recirculated to the firing chamber, wherein in a ceiling of the fir-

2012299747 20 Aug 2015

ing chamber has a plurality of openings , through which the heated cooling gases
10 from the recuperation tube can enter into the firing chamber, wherein in the side
walls of the firing chamber a plurality of burners is provided and wherein said

burners are directed obliquely upwards.

2. The apparatus according to claim 1, wherein the openings are round, tetragonal

15 and/or slot-shaped.

3.  The apparatus according to claim 1 or 2, wherein the ceiling of the firing chamber

is arched.

20 4.  The apparatus according to any one of claims 1 to 3, wherein the burners are

arranged at an angle of inclination that is adjustable.

5. The apparatus according to any one of claims 1 to 4, wherein the burners are

directed obliquely upwards at an angle of 20 to 60°.

25
6. The apparatus according to any one of claims 1 to 5, wherein the burners each
are surrounded by an air tube.
7. The apparatus according to claim 6, wherein means for generating a spin are
30 provided in the burners.

8. The apparatus according to any one of claims 1 to 7, wherein the burners are

combined to groups, each group having safety valves associated therewith.
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The apparatus according to any one of claims 1 to 8, wherein at least a part of the

burners are formed as burner lances.

A method for the thermal treatment of lump or agglomerated material in a firing
machine, wherein the material is conveyed through the firing machine on a travel-
ling grate, in which firing machine the material is thermally treated in at least one
firing chamber, wherein the material subsequently is cooled by means of cooling
gases passed there through and the cooling gases thus heated are at least partly
recirculated through a recuperation tube and introduced into the firing chamber in
which the temperatures required for the thermal treatment are generated by com-
bustion of fuel, wherein the heated cooling gases are sucked from the recupera-
tion tube into the firing chamber through openings in a ceiling of the firing cham-
ber, wherein a plurality of burners are provided in the side walls of the firing

chamber, and wherein said burners are directed obliquely upwards.
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