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Description

[0001] The invention relates to an equipment to pre-
pare ore concentrate for pelletizing and sintering/indu-
rating of pellets in connection with ferroalloys production.
[0002] A prior art process and equipment for the pro-
duction of ferroalloys is schematically shown in Figure 1.
For example, the shown prior art process may relate to
the production of ferrochrome from chromite concen-
trates but it can also be applied to the production of other
ferroalloys.
[0003] The raw material is obtained from a mine. The
ore concentrate is stored and initially fed to the process
from a day bin 7. Typically the ore concentrate has mois-
ture content more than 1%. The equipment further com-
prises a grinder 1 for grinding the coarse ore concentrate
to a predetermined grain size which is suitable for the
subsequent pelletizing step.
[0004] In prior art the grinder 1 is a wet grinder, such
as a ball mill, whereto the material to be ground is fed
together with the addition of water. A ball mill 1 is a ro-
tating drum which is partially filled with the material to be
ground and grinding medium. Different materials are
used as grinding media, including ceramic balls, flint peb-
bles and steel balls. As the drum rotates the grinding
media rise with the aid of centrifugal force along with the
inner surface of the drum and eventually fall on the ma-
terial to be ground. Various factors, like the size of the
grinding media and the rotation speed of the drum, affect
to the degree of grinding.
[0005] The wet grinder 1 is followed by a slurry mixer
8 which is arranged to mix the slurry discharged from the
wet grinder 1.
[0006] The slurry mixed in the slurry mixer is then led
to filter 9, which can be a capillary-effect ceramic disc
filter. The filter 9 is arranged to dewater the concentrate
slurry by filtering to form a dewatered mineral concen-
trate.
[0007] From the filter 9 the concentrate is conveyed to
intermediate bins 10. Also other additives, solid fuel (coke
fine which acts as a fuel in the subsequent sintering/in-
durating process), process dust and binding agent (ben-
tonite clay) are conveyed to first intermediate bins 10.
[0008] The concentrate and the additives are distrib-
uted from the intermediate bins 10 onto a conveyor 11
which conveys these materials to a mixer 12.
[0009] The mixer 12 is arranged to mix the concentrate
with solid fuel, process dust and binder to form a homog-
enous mixture of these. Also an amount of water can be
added into the mixer 12 to ensure that the mixture has
sufficient moisture content for pelletizing.
[0010] Further, the equipment comprises a pelletizing
drum or disc 13 which is arranged to pelletize the mixture
obtained from the mixer 12 to green pellets.
[0011] Further, the process equipment includes a roller
screen 14 to ensure that uniformly sized green pellets
only are fed as an even pellet bed to the endless conveyor
belt of the strand sintering/indurating furnace 15.

[0012] In the continuously working strand sintering/in-
durating furnace 15 the pellet bed is exposed to subse-
quent drying, heating, sintering/firing and cooling steps,
each of them having different temperature conditions, as
the pellet bed is conveyed through respective zones of
the furnace 15. The sintering/indurating furnace includes
circulation gas ducts 16, 17, 18 which circulate gas from
the cooling zones to the drying, heating and sintering/fir-
ing zones for the purpose of saving energy. After the
sintering/indurating the pellets are spherical, uniformly
sized, hard and porous with consistent physical and
chemical properties. They are ideal charging material for
ferroalloy smelting in the smelting furnace 5.
[0013] From the strand sintering/indurating furnace 15
the pellets are conveyed to second intermediate bins 19.
Reference number 19 also refers to bins for additives,
like lumpy ore, coke, and quartz sand which together with
pellets are charged to a preheating kiln 20.
[0014] The preheating kiln 20 is arranged to preheat
the pellets before charging to the smelting furnace 5. The
smelting furnace 5 is an electric arc furnace. In the smelt-
ing furnace 5 the pellets are smelted and reduced to fer-
roalloy. The molten ferroalloy discharged from the smelt-
ing furnace 5 is casted to ferroalloy products suitable for
further production of metal.
[0015] The carbon monoxide rich off-gas exiting from
the smelting furnace 5 is cleaned in a gas scrubber 21.
The cleaned CO gas is used as a fuel which is burned
by a burner 22 in the preheating kiln 20 to produce the
sufficient heating energy for preheating of the pellets.
The cleaned CO gas is also led to burners 23 and 24
located in the walls of the gas circulating ducts 16 and
17 of the strand sintering/indurating furnace 15 to heat
the gas flowing in the ducts.
[0016] The problem of the prior art equipment and
process relates to an ever decreasing availability of good
quality raw materials. More often the raw material to be
processed has a very poor quality because it contains or
forms very fine fractions, e.g. clay-like chromite. "Fine
fractions" stands typically for that 80% of particles have
a size less than 75 mm. Wet filtering of the fine fractions
in order to dewater those is difficult since fine fractions
tend to clog the filters. Also the time required to dewater
the material with a ceramic filter is too long for the process
and requires a series of filters whereby the required in-
vestment becomes vast. An equipment according to the
preamble of claim 1 is known from JP 4 099132 A. It is
an object of the invention to overcome the disadvantages
of the prior art as outlined above.
[0017] According to the invention the equipment com-
prises a drying apparatus arranged to dry the concentrate
during grinding by the grinder. The drying apparatus is
arranged to dry ore concentrate by the heat energy ob-
tained from burning carbon monoxide rich off-gas from
a smelting furnace.
[0018] The invention provides many advantages. By
the arrangement of a drying apparatus to dry the con-
centrate during grinding by the grinder it is achieved that
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the concentrate can be dry ground and no subsequent
dewatering by filters is needed. With the aid of the inven-
tion it is possible to cost-effectively utilize raw materials
containing fine fractions which normally would be difficult
to dewater by filtering. By utilizing the CO gas from the
smelting furnace to produce the sufficient heat energy
for drying is advantageous because fossil fuels are thus
not needed.
[0019] In one embodiment, the drying apparatus com-
prises a burning chamber comprising a burner arranged
to burn carbon monoxide and/or carbon monoxide rich
off-gas to produce hot gases, and a drying chamber ar-
ranged to dry ore concentrate with said hot gases.
[0020] In one embodiment, the grinder comprises a
grinding chamber arranged to grind the ore concentrate
during conveyance the ore concentrate through the
grinding chamber. The grinding chamber and the drying
chamber are built together, so that hot gases from a sep-
arate burning chamber are led to the grinding chamber.
[0021] In one embodiment, the burning chamber, the
drying chamber and the grinding chamber are built to-
gether so that the burner producing hot gases is attached
directly to the grinder.
[0022] The accompanying drawings, which are includ-
ed to provide a better understanding of the invention con-
stitute part of the description, illustrate preferred embod-
iments of the invention and help to explain the principles
of the invention.

Figure 1 shows a schematic flow chart of a prior art
ferroalloys process and process equipment,

Figure 2 shows a schematic flow chart of a ferroalloys
process and process equipment which is not part of
the invention,

Figure 3 shows the beginning of the ferroalloys proc-
ess and process equipment of a first embodiment of
the invention, and

Figure 4 shows the beginning of the ferroalloys proc-
ess and process equipment of a second embodiment
of the invention.

[0023] Referring to Figure 2, the raw material is ob-
tained from a mine. The raw material, ore concentrate,
is stored and initially fed to the process from a day bin 7.
Typically the ore concentrate has moisture content more
than 1%.
[0024] Equipment of the Figure 2 comprises a grinder
1 for grinding the coarse ore concentrate to a predeter-
mined grain size which is suitable for the subsequent
pelletizing step. In contrast to the prior art equipment the
grinder 1 in the invention is dry grinder 1. In order to dry
the ore concentrate before it is fed to the grinder 1 it must
be dried. For that purpose the equipment comprises a
drying apparatus into which the ore concentrate is fed
from the day bin 7.

[0025] The drying apparatus comprises a burning
chamber 2 comprising a burner 3. The burner 3 is ar-
ranged to burn carbon monoxide and/or cleaned carbon
monoxide rich off-gas obtained from the smelting furnace
5 with air to produce hot gases. The temperature of the
cleaned CO gas is about 30°C to 60 °C. The resulting
gas after burning comprises water, nitrogen, carbon mon-
oxide and some oxygen. The temperature of these hot
drying gases is about 300°C to 500°C.
[0026] The hot gases are led to a drying chamber 4
which is arranged to dry ore concentrate with said hot
gases. In Figure 2 the burning chamber 2 and the drying
chamber 4 are separate units. The drying chamber 4 may
be a rotating drum which while it rotates conveys the
material to be dried from the charge end to the discharge
end.
[0027] The dried ore concentrate is fed to the dry grind-
er 1.
[0028] The grinder 1 comprises a grinding chamber 6
arranged to grind the ore concentrate during conveyance
the ore concentrate through the grinding chamber. The
dry grinder 1 may be a ball mill. A ball mill 1 is a rotating
drum which is partially filled with the material to be ground
and grinding medium. Different materials are used as
grinding media, including ceramic balls, flint pebbles and
steel balls. As the drum rotates the grinding media rise
with the aid of centrifugal force along with the inner sur-
face of the drum and eventually fall on the material to be
ground. Various factors, like the size of the grinding me-
dia and the rotation speed of the drum, affect to the de-
gree of grinding. The temperature of the ore concentrate
discharged from the dry grinder 1 is less than 100 °C.
[0029] After the dry grinder 1 at point A inside a circle
the process may continue in a manner as depicted in
Figure 1. From the dry grinder 1 the concentrate is con-
veyed to intermediate bins 10. Since the concentrate is
dry, it does not have to be dewatered by any filters like
in the prior art process of Figure 1.
[0030] Also other additives, solid fuel (coke fine which
acts as a fuel in the subsequent sintering/indurating proc-
ess), process dust and binding agent (bentonite clay) are
conveyed to the intermediate bins 10.
[0031] The concentrate and the additives are distrib-
uted from the intermediate bins 10 onto a conveyor 11
which conveys these materials to a mixer 12.
[0032] The mixer 12 is arranged to mix the concentrate
with solid fuel, process dust and binder to form a homog-
enous mixture of these. Also an amount of water can be
added into the mixer 12 to ensure that the mixture has
sufficient moisture content for pelletizing.
[0033] Further, the equipment comprises a pelletizing
drum 13 which is arranged to pelletize the mixture ob-
tained from the mixer 12 to green pellets. Green pellets
have a sufficient cohesiveness so that they can be con-
veyed and screened without breakage.
[0034] Further, the process equipment includes a roller
screen 14 to ensure that uniformly sized green pellets
only are fed as an even pellet bed to the endless conveyor
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belt of the strand sintering/indurating furnace 15.
[0035] In the continuously working strand sintering/in-
durating furnace 15 the pellet bed is exposed to subse-
quent drying, heating, sintering/firing and cooling steps,
each of them having different temperature conditions, as
the pellet bed is conveyed through respective zones of
the furnace 15. The sintering/indurating furnace includes
circulation gas ducts 16, 17, 18 which circulate gas from
the cooling zones to the drying, heating and sintering/fir-
ing zones for the purpose of saving energy. After the
sintering/indurating the pellets are spherical, uniformly
sized, hard and porous with consistent physical and
chemical properties. They are ideal charging material for
ferroalloy smelting in the smelting furnace 5.
[0036] From the strand sintering/indurating furnace 15
the pellets are conveyed to a second intermediate bin
19. Reference number 19 also refers to bins for additives,
like lumpy ore, coke, and quartz sand. The sintered/in-
durated pellets and additives are charged to a preheating
kiln 20.
[0037] The preheating kiln 20 is arranged to preheat
the pellets before charging to the smelting furnace 5. The
smelting furnace 5 is a closed-type electric arc furnace.
In the smelting furnace 5 the pellets are smelted and
reduced to ferroalloy. The molten ferroalloy discharged
from the smelting furnace 5 is casted to ferroalloy prod-
ucts suitable for further production of metal.
[0038] The carbon monoxide rich off-gas exiting from
the smelting furnace 5 is cleaned in a gas scrubber 21.
The gas scrubber 21 may be an ejector venturi scrubber
operating by wet cleaning principle.
[0039] The cleaned CO gas is used as a fuel which is
burned by a burner 22 in the preheating kiln 20 to produce
the sufficient heating energy for preheating of the pellets.
The cleaned CO gas is also led to burners 23 and 24
located in the walls of the gas circulating ducts 16 and
17 of the strand sintering/indurating furnace 15 to heat
the gas flowing in the ducts. The CO gas pipeline is in-
dicated in Figure 2 with the reference marking B inside
a circle.
[0040] In Figure 3 there is shown a modification of the
equipment of Figure 2. In this embodiment the grinding
chamber 6 and the drying chamber 4 are built together.
The hot gases from a separate burning chamber 2 are
led to the grinding chamber 6 which also acts as a drying
chamber 4. The burning chamber 2 is separate from the
combined grinding and drying chamber 4, 6. Otherwise,
the equipment and process may be similar to the one
depicted in Figure 2. The process may hereafter continue
as indicated by the marking A inside a circle in Figure 2.
The CO gas pipeline as indicated with the reference
marking B inside a circle may be similar to that shown in
Figure 2.
[0041] In Figure 4 there is shown a further modification
of the equipment of Figure 2. In this embodiment the burn-
ing chamber 2, the drying chamber 4 and the grinding
chamber 6 are all built together. The burner 3 is attached
directly to the grinder 1. The process may hereafter con-

tinue as indicated by the marking A inside a circle in Fig-
ure 2. The CO gas pipeline as indicated with the reference
marking B inside a circle may be similar to that shown in
Figure 2.
[0042] It is obvious to a person skilled in the art that
with the advancement of technology, the basic idea of
the invention may be implemented in various ways. The
invention and its embodiments are thus not limited to the
examples described above; instead they may vary within
the scope of the claims.
[0043] It is obvious to a person skilled in the art that
with the advancement of technology, the basic idea of
the invention may be implemented in various ways. The
invention and its embodiments are thus not limited to the
examples described above; instead they may vary within
the scope of the claims.

Claims

1. An equipment to prepare ore concentrate for pelletiz-
ing and sintering/indurating of pellets in ferroalloys
production, the equipment comprising a grinder (1)
arranged to grind the concentrate to a predetermined
grain size, characterised in that the equipment
comprises a drying apparatus (2, 3, 4) arranged to
dry the concentrate during grinding by the grinder
(1), and that the drying apparatus (2, 3, 4) is arranged
to dry ore concentrate by the heat energy obtained
from burning carbon monoxide rich off-gas from a
smelting furnace (5).

2. The equipment according to claim 1, characterised
in that the drying apparatus comprises

- a burning chamber (2) comprising a burner (3)
arranged to burn carbon monoxide and/or car-
bon monoxide rich off-gas to produce hot gases,
and
- a drying chamber (4) arranged to dry ore con-
centrate with said hot gases.

3. The equipment according to claim 2, characterised
in that the grinder (1) comprises a grinding chamber
(6) arranged to grind the ore concentrate during con-
veyance the ore concentrate through the grinding
chamber; and that the grinding chamber (6) and the
drying chamber (4) are built together, so that hot gas-
es from a separate burning chamber (2) are led to
the grinding chamber (6).

4. The equipment according to claim 2, characterised
in that the burning chamber (2), the drying chamber
(4) and the grinding chamber (6) are built together
so that the burner (3) producing hot gases is attached
directly to the grinder (1).
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Patentansprüche

1. Eine Vorrichtung für die Aufbereitung von Erzkon-
zentrat zum Pelletisieren und Sintern/Härten von
Pellets bei der Produktion von Ferrolegierungen, wo-
bei die Vorrichtung ein Mahlwerk (1) enthält, das so
angeordnet ist, dass das Konzentrat auf eine vorge-
gebene Korngröße gemahlen wird, dadurch ge-
kennzeichnet, dass die Vorrichtung einen Trock-
nungsapparat (2, 3, 4) enthält, der so angeordnet
ist, dass das Erzkonzentrat während des Mahlvor-
ganges im Mahlwerk (1) getrocknet wird, und dass
der Trocknungsapparat (2, 3, 4) so angeordnet ist,
dass das Erzkonzentrat anhand von Wärmeenergie
getrocknet wird, die aus der Verbrennung von koh-
lenmonoxidreichen Abgasen aus einem Schmelzo-
fen (5) stammt.

2. Die Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Trocknungsapparat

- eine Brennkammer (2) bestehend aus einem
Brenner (3), der so angeordnet ist, dass Koh-
lenmonoxid und/oder kohlenmonoxidreiche Ab-
gase verbrannt werden, um heiße Gase zu pro-
duzieren, und
- eine Trockenkammer (4) enthält, die so ange-
ordnet ist, dass Erzkonzentrat anhand der be-
sagten heißen Gase getrocknet wird.

3. Die Vorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, dass das Mahlwerk (1) eine Mahlkammer
(6) enthält, die so angeordnet ist, dass das Erzkon-
zentrat während der Beförderung des Erzkonzent-
rates durch die Mahlkammer gemahlen wird; und
dass die Mahlkammer (6) und die Trockenkammer
(4) zusammengebaut sind, sodass heiße Gase aus
einer separaten Brennkammer (2) in die Mahlkam-
mer (6) weitergeleitet werden.

4. Die Vorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, dass die Brennkammer (2), die Trocken-
kammer (4) und die Mahlkammer (6) zusammenge-
baut sind, sodass der Brenner (3), der heiße Gase
produziert, direkt mit dem Mahlwerk (1) verbunden
ist.

Revendications

1. Équipement pour préparer un concentré de minerai
pour granulation et frittage/durcissement des granu-
lés dans la production de ferroalliages, l’équipement
comprenant un broyeur (1) disposé pour broyer le
concentré à une granulométrie prédéfinie, caracté-
risé en ce que l’équipement comprend un appareil
de séchage (2, 3, 4) disposé pour sécher le concen-
tré pendant le broyage par le broyeur (1), et en ce

que l’appareil de séchage (2, 3, 4) est disposé pour
sécher le concentré de minerai par l’énergie thermi-
que obtenue par la combustion de l’effluent gazeux
riche en monoxyde de carbone provenant d’un four
de fusion (5).

2. Équipement selon la revendication 1, caractérisé
en ce que l’appareil de séchage comprend

- une chambre de combustion (2) comprenant
un brûleur (3) disposé pour brûler du monoxyde
de carbone et/ou un effluent gazeux riche en
monoxyde de carbone pour produire des gaz
chauds, et
- une chambre de séchage (4) disposée pour
sécher un concentré de minerai avec lesdits gaz
chauds.

3. Équipement selon la revendication 2, caractérisé
en ce que le broyeur (1) comprend une chambre de
broyage (6) disposée pour broyer le concentré de
minerai pendant l’acheminement du concentré de
minerai à travers la chambre de broyage ; et en ce
que la chambre de broyage (6) et la chambre de
séchage (4) sont construites ensemble, de sorte que
des gaz chauds provenant d’une chambre de com-
bustion (2) indépendante sont amenés à la chambre
de broyage (6).

4. Équipement selon la revendication 2, caractérisé
en ce que la chambre de combustion (2), la chambre
de séchage (4) et la chambre de broyage (6) sont
construites ensemble de sorte que le brûleur (3) pro-
duisant des gaz chauds est fixé directement au
broyeur (1).
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