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Description
Technical Field

[0001] The presentinvention relates to a method for producing a granulated raw material for sintering thatis used in a
DL-type sintering machine etc., and to a method for producing sintered ore that uses that production method.

Background Art

[0002] Sinteredoreisproduced as follows: a blended raw material for sintering in which powdery iron ores (typically what
are called sinter feeds of about 125 to 1000 pwm) of some brands are mixed with appropriate amounts of auxiliary raw
material powders such as limestone, silica, and serpentinite, miscellaneous raw material powders such as dust, scale, and
returned ore, and solid fuels such as coke breeze is mixed with water added and then granulated, and the obtained
granulated raw material is charged into a sintering machine and fired.

[0003] Generally, when wateris included into a blended raw material for sintering, the material agglomerates and forms
quasi-particles during granulation. It is known that when charged onto a pallet of a DL sintering machine, this granulated
raw material for sintering turned into quasi-particles serves to secure favorable permeability in a layer of the charged
sintering raw material and allows smooth progress of a sintering reaction. During the sintering reaction, water in the heated
granulated raw material particles evaporates and the granulated raw material particles on a downwind side come to have a
high water content, which leads to the formation of a region with reduced strength (wet zone). In this wet zone, the particles
of the granulated raw material tend to break apart, thereby hindering the flow and deteriorating the gas permeability in the
layer of the charged raw material.

[0004] Meanwhile, in recent years, iron ore has been made increasingly finer, and granulated particles produced using
fine iron ore are known to have low strength. In particular, when water is added to fine iron ore, the strength decreases
significantly, resulting in a reduced gas permeability. Moreover, fine iron ore sometimes makes granulation difficult in
production of a granulated raw material for sintering. Under these circumstances surrounding sintering iron ore powder,
technologies for producing high-quality sintered ore using iron ore that contains a large amount of fine powder and is
difficult to granulate have recently been proposed.

[0005] For example, one of such conventional technologies is a hybrid pelletized sinter method (HPS method) as
described in Patent Literature 1. This technology aims to produce fired agglomerated ore having a low slag ratio and high
reducibility by granulating fine iron ore with a high iron content using a drum mixer and a pelletizer. However, this
technology faces a problem that granulating a large amount of fine iron ore requires installing a large number of pelletizers,
which adds to the production cost.

[0006] Next, methods have been proposed in which, before a granulation step of blended raw material for sintering
powder, a raw material including fine iron ore is pre-processed or granulated using a high-speed-rotation mixer.
Specifically, as such methods, a method in which fine iron ore and iron-making dust are pre-mixed by an agitating mixer
before the granulation step and subsequently granulated by that agitating mixer, and a method in which a sintering raw
material composed mainly of fine powder is agitated by an agitation machine and then granulated using a granulator have
been proposed (Patent Literatures 2 and 3). However, these methods face a problem that, as the granulated particles are
composed mainly of fine raw material, the strength of the granulated particles is reduced compared with when nuclear
particles (iron ore) having higher strength than granulated particles are used.

[0007] Next, methods have been proposed in which a sintering raw material in which fine powder and sinter feed are
blended is subjected to a premixing process using an Eirich mixer and then granulated by a drum mixer (Patent Literatures
4 to 6). In these methods, however, there is a concern that when the ratio of fine powder increases, the layer of adherent
powder becomes excessive, which may degrade the combustibility of granulated particles. Another problem is that due to
a lack of nuclear particles, the granulation property degrades and firing is performed while granulation is incomplete.
[0008] Next, technologies for processing hard-to-granulate ore containing fine powder as well as a large amount of
crystallization water (Patent Literatures 7 to 9) have been proposed. However, these prior technologies have a problem
that a large amount of water evaporates from highly crystalline ore during sintering, which makes it difficult to prevent an
increase in pressure loss in the wet zone. Moreover, these methods have another problem that the pressure loss in the wet
zone s likely to increase even more when fine iron ore prone to a decrease in the strength of granulated particles is used in
a large amount.

[0009] Further, as to a method of using high-speed agitation when using fine powder, granulation methods taking into
account agitation conditions and a device size as well as the properties of ore, such as core ore, have been proposed
(Patent Literatures 10 and 11). In actuality, however, the proposals disclosed in these literatures have not gone so far as to
study the agitation conditions according to the properties of ore.
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Citation List
Patent Literature
[0010]

Patent Literature 1: JP-A-S62-37325

Patent Literature 2: JP-A-H01-312036

Patent Literature 3: JP-A-2007-247020

Patent Literature 4: JP-A-H11-061282

Patent Literature 5: JP-A-HQ07-331342

Patent Literature 6: JP-A-H07-48634

Patent Literature 7: JP-A-2005-194616

Patent Literature 8: JP-A-2006-63350

Patent Literature 9: JP-A-2003-129139

Patent Literature 10: International Publication No. WO 2017/094255
Patent Literature 11: International Publication No. WO 2017/150428

Summary of Invention
Technical Problem

[0011] Therefore, the present invention aims to establish a technology that can overcome the problems faced by the
above-described conventional technologies. In particular, the present invention establishes a more advanced technology
for producing a granulated raw material for sintering by exploring optimization of agitation conditions (energy of agitation)
taking into account the properties of iron ore that vary on a daily basis (due to pulverization etc.), and proposes a method for
improving the manufacturability of sintered ore by using a granulated raw material obtained by adopting that method.

Solution to Problem

[0012] While vigorously examining the problems faced by the above-described conventional technologies, the present
inventors continued research with a focus on the properties of iron ore, particularly the adhesiveness of a pulverized part. It
turned out thatin the case of iron ore of which fine powder had poor adhesiveness, performing agitation to a greater degree
or not performing the agitation process could maximally exploit the operational effect of high-speed agitation. On the other
hand, itwas noted thatin the case of iron ore with low adhesiveness, applying low agitation energy could exploit the effect of
high-speed agitation. Here, the agitation energy cannot be estimated from the circumferential velocity of a blade or the
length of the blade, but varies depending on mechanical conditions including a water content relevant to the stickiness of a
raw material, the type of mineral, and at which height and position the raw material hits the blade, which makes the
estimation anything but easy.

[0013] In particular, it was found that the problems faced by the conventional technologies could be controlled by
focusing attention on an index that takes into account the particle size distribution of iron ore itself, i.e., a size distribution
index (SDI). It was therefore decided to determine the energy to be applied during agitation of a blended raw material for
sintering based on thisindex (SDI) so as to maximize the productivity of a granulated raw material for sintering and sintered
ore.

[0014] Thus, the present invention proposes a method for producing a granulated raw material for sintering character-
ized in that, in producing a granulated raw material for sintering by performing high-speed agitation and then granulation of
a blended raw material for sintering, an agitation power for the high-speed agitation is adjusted according to a particle size
distribution of an iron-containing raw material in the blended raw material for sintering.

[0015] Inaddition, the presentinvention proposes a method for producing sintered ore characterized in thata granulated
raw material for sintering produced based on this method for producing a granulated raw material for sintering is charged
into a sintering machine and sintered.

[0016] In the present invention, embodiments adopting the following would be more preferable:

(1) Inthe high-speed agitation of the blended raw material for sintering, the agitation power is adjusted based on a size
distribution index (SDI) of the following Formula (1):
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— (W _ W , .o
SbI= (100d5 1OOdL) X Wios00/100 v

where

a ratio of particles up to 500 pwm in the iron-containing raw material: W, 504 (mass%),

a ratio of particles with a particle size of 15 to 500 um in the iron-containing raw material: Wy (mass%),

a ratio of particles with a particle size smaller than 15 um in the iron-containing raw material: W5 (mass%),
amean particle size of the particles with a particle size of 15 to 500 um in the iron-containing raw material: d; (mm),
and

amean particle size of the particles with a particle size smaller than 15 pum in the iron-containing raw material: ds
(mm).

(2) In the high-speed agitation of the blended raw material for sintering, a blended raw material for sintering of which
the size distribution index (SDI) expressed by Formula (1) satisfies a relation SDI > 7 is used.

(3) Inthe high-speed agitation of the blended raw material for sintering, the high-speed agitation is performed with an
agitation power that meets the following Formula (2):

0.172 X {1 + (1.125DI - 895)}xQ >0 - - - (2)

where Q (kWhtt) is obtained by dividing a difference in electricity consumption (kWh) of a rotor of an agitation blade
between when under load and when under no load by a weight (t) of the blended raw material for sintering to be
subjected to the high-speed agitation (when under load: the blended raw material for sintering is present; when under
no load: when operating in an empty state without the blended raw material for sintering).

Advantageous Effects of Invention

[0017] In the present invention, high-speed agitation as a process preceding granulation can be appropriately
performed, which makes it possible to get closer to a more completely mixed state and thereby improve the so-called
granulation property after high-speed agitation. This in turn makes it possible to increase the production of sintered ore.

Brief Description of Drawings
[0018]

[Fig. 1] Fig. 1 is a view showing a relationship between agitation energy and a granulated particle size.

[Fig. 2] Fig. 2 is a view showing a relationship between the granulated particle size and sintering productivity.
[Fig. 3] Fig. 3 is a view showing a relationship between a size distribution index and an influence coefficient.

[Fig. 4] Fig. 4 is a view showing a relationship between the agitation energy and an increase value of the granulated
particle size.

Description of Embodiments

[0019] First, the present inventors studied the physical properties of an adherent powder layer to enhance the
operational effect of high-speed agitation as a process preceding granulation. As a result, when the adhesiveness of
adherentpowder was poor, particles that had already adhered to one another ended up separating from one another due to
high-speed agitation, which necessitated an additional time for the subsequent granulation process. On the other hand, in
the case of adherent powder with high adhesiveness, when in a completely mixed state, the particles had high
adhesiveness and promoted granulation; however, when not mixed, the particles are not optimized in terms of the
particle size distribution and are less likely to grow in particle size during granulation. This finding led us to develop the
present invention.

[0020] Inthe following, an example ofimplementation that was conducted to confirm the effects of the presentinvention
will be described. In a study according to this example of implementation, first, a blended raw material for sintering
including an iron-containing raw material was subjected to high-speed agitation and subsequently granulated by a drum
mixer to produce a granulated raw material for sintering. Thereafter, this granulated raw material was sintered by a DL
sintering machine, and an improving effect on the production rate of the resulting sintered ore was examined.

[0021] Table 1 shows the compositions of raw materials in this case. In this test, as the iron-containing raw materials,
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three brands, namely, a sinter feed, an ore C that is ore concentrate, and an ore D that is a pellet feed, were used at varied
blending ratios. A test using a base composition with increased ratios of the ores C and D that are fine concentrates was
conducted, and a test in which each fine concentrate was blended up to a 15 mass% level was performed. Being a pellet
feed, the ore D is extremely fine compared with the ore C and enables evaluation on the influence of fine powder. While a
pelletfeed (ore D) is used as the pulverized iron-containing raw material here, dust may instead be used that is generated
in an iron-making process and includes particles with a particle size smaller than 15 um like a pellet feed (ore D).

[Table 1]
Sample No. Case 1 Case 2 Case 3 Case 4
Sinter feed 78.0 73.4 65.0 65.0
Fine concentrate: ore C 0.0 5.3 134 0.0
Pellet feed: ore D 0.0 0.0 0.0 13.4
Dolomite 7.6 6.8 71 6.9
Mill scale 1.9 2.2 2.2 2.2
Limestone 11.5 111 10.6 10.9
Quicklime 1.0 1.1 1.1 1.1
Total 100 100 100 100
Coke breeze 4.5 4.4 4.4 4.4

[0022] To evaluate the performance of a high-speed agitator, this test looked at changes in the granulated particle size
relative to a retention time (agitation time) inside the high-speed agitator. This agitation machine is used for continuous
operation; therefore, the retention time: T (sec) is determined by a ratio between an amount of raw material fed: M (t/sec)
and a load capacity: M, (t) as shown in Formula (3) below.

(3)

[0023] Toevaluate the agitation energy applied to the raw material to be agitated, the electricity consumption of a rotor of
an agitation blade attached to the high-speed agitator was measured. The electricity taken for the raw material was
obtained by subtracting the value of electricity when no raw material was charged (when operating in an empty state) from
the electricity when the raw material was charged under each condition, and the amount of electricity consumption was
calculated from that electricity and the retention time in Formula (3) above. A value obtained by dividing this amount of
electricity consumption by the load capacity is the amount of electricity consumption added per unit raw material, and this
amount was defined as agitation energy per unit raw material.

[0024] Fig. 1 shows arelationship of the ores C and D with the granulated particle size relative to the agitation energy per
unit raw material in an actual agitation machine. As shown in this view, when there was no fine concentrate, the granulated
particle size increased as the agitation energy increased. When the ore C that is concentrate was 5.3 mass%, the
granulated particle size increased somewhat by the high-speed agitation method, but when the ore C was added in as
large anamountas 13.4 mass%, the granulated particle size decreased conversely. On the other hand, when the ore D that
is a pellet feed was added in as large an amount as 13.4 mass%, the granulated particle size increased significantly by the
high-speed agitation method.

[0025] Fig. 2 shows a relationship between the granulated particle size and sintering productivity when a fine
concentrate was mixed in a test using an actual machine. As shown in this view, it was found that regardless of which
of the ores C and D was increased, compared with a case in which granulation was performed with the ore C blended at a
ratio of 5.3 mass% and which constitutes a base condition (conventional method), the granulated particle size became
smaller and the sintering production rate decreased in both of the conventional method and the high-speed agitation
method. On the other hand, when attention is focused on the effect of pre-processing by high-speed agitation, a
comparison between the case where the ore C was blended at a ratio of 5.3 mass% by high-speed agitation and by
the conventional method shows that the sintering production rate increased by 0.03 t/h/m2from 1.01 to 1.04 t/h/m2 by high-
speed agitation. When the ore C was 13.4 mass%, the influence of the high-speed agitation method was smaller. On the
other hand, when the ore D that is a pellet feed was added, compared with when agitation was not performed, the
production rate was increased by 0.07 t/h/m2 from 0.92 to 0.99 t/h/m2 by the high-speed agitation method.

[0026] From these results ofimplementation, while it has been believed that when a fine concentrate of fine powders is
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used in a sintering process in an actual machine, a decrease in the sintering productivity due to a decrease in the
granulated particle size is unavoidable, but the above-described results demonstrate that introducing the high-speed
agitation method according to the presentinvention can prevent a decrease in the granulated particle size and improve the
sintering productivity.

[0027] Next, to quantitatively clarify the effect of high-speed agitation that is characteristic of the method for producing a
granulated raw material for sintering according to the present invention, a study was conducted on the influence of the
agitation energy on an increase value of the granulated particle size. As a result, it can be said that under the same
conditions of the type of fine concentrate and the ratio of addition, the increase value of the granulated particle size is a
value obtained by subtracting the granulated particle size in the conventional method from the granulated particle size in
the high-speed agitation method. Therefore, first, the increase value of the granulated particle size in the high-speed
agitation method using a raw material containing 0 mass% fine concentrate was evaluated. Specifically, the increase value
of the granulated particle size in the high-speed agitation method under a condition of 0 mass% fine concentrate was
denoted by AD(Q) (mm), and the agitation energy was expressed as a function of Q (kWh/t). When a relationship between
Q and AD(Q)-is obtained as a function based on Fig. 1, the following Formula (4) is obtained:

AD(Q) =0.172Q - - - (4)

[0028] Further, to evaluate the influence of the type of fine concentrate on the increase value AD, (mm) of the granulated
particle size under any conditions of the type of fine concentrate and the amount of addition shown in Fig. 2, an influence
coefficient o was defined from Formula (4) for each type of fine concentrate. Thus, the following Formula (5) was obtained:

a = (ADp — AD(Q))/AD(Q) - - - (5)

[0029] Itis presumed that, with 15 wm as a borderline, ultra-fine particles smaller than that particle size increase the
adhesiveness between ores while particles larger than that particle size reduce the adhesiveness (S. Kawachi, S.
Kasama: Tetsu-to-Hagane, 94 (2008), 475). Based on this idea, a size distribution index (SDI) is newly defined using aratio
of particles up to 500 um in iron ore that is considered to be adherent powder: W, 5, (Mmass%), a ratio of particles with a
particle size of 15 to 500 wm in aniron-containing raw material: Wy, (mass%), aratio of particles up to 15 um: W¢g (mass%),
a mean particle size of the particles with a particle size of 15 to 500 um: d| (mm), and a mean particle size of the particles
with a particle size up to 15 pwm: ds (mm).

[0030] Here, asthe mean diameter of particle sizes 15to 500 um, 87 um that is a geometric mean of 15 wm and 500 pum
was used, and as that of particle sizes up to 15 um, 4 um that is a geometric mean of 1 um and 15 pum was used. In the
following Formula (6), the reason why the weight ratios of the particles are divided by their respective mean particle sizes d;
and ds s to reflect the influence of the specific surface areas of the particles that are considered to have aninfluence on the
adhesiveness.

— (W _ Wi _ o
SbI= (100d3 IOOdL) X Wios500/100 6)

[0031] Inthe presentinvention, the particle size is the size of particles as sifted using a sieve with a nominal opening size
complying with Japanese Industrial Standards (JIS) Z 8801-1. For example, a particle size of 1 mm or less means such a
particle size that all the particles pass through a sieve with a nominal opening size of 1 mm complying with JIS Z 8801-1,
and is also written as - 1 mm. The smallest value of the nominal opening size specified by Japanese Industrial Standards
(JIS) Z 8801-1 is 20 wm. A particle size smaller than that, for example, 15 um or less means such a particle size that a
cumulative fraction of particles with a size of 15 um or less that is obtained by a laser diffraction and scattering method
complying with JIS Z 8825 or a gravitational liquid sedimentation method complying with JIS Z8820-2 is substantially
100%.

[0032] Next, using the data shown in Fig. 2, the following Formula (7) is obtained from an analysis result obtained from a
relationship between the influence coefficient o in Formula (5) and the size distribution index SDI in Formula (6). This
relationship is shown in Fig. 3.

a=1.12SDI—895 - - - (7)

[0033] AsshowninFig. 3, itcan be seen that there is a clear positive correlation between the size distribution index SDI
and the influence coefficient .. This means that the larger the size distribution index SDlI is, the larger the increase value
AD,, of the granulated particle size by the high-speed agitation method. These results demonstrate that, to increase the
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granulated particle size by high-speed agitation, it is effective to increase the ratio of particles up to 15 pm in fine
concentrates while reducing the ratio of particles of 15 to 500 um. As to the effect of adding particles up to 15 pm, it is
presumed that these particles are evenly dispersed among raw material particles during high-speed agitation and
consequently exert an adhesiveness improving effect.

[0034] On the other hand, it is conjectured that particles of 15 to 500 wm have low adhesiveness and cannot keep
particles connected to one another, and rather act to hinder the particles from adhering to one another during granulation.
[0035] Next, when AD,, (the increase value of the granulated particle size) is solved from Formula (5) and Formula (7)
above, the following Formula (8) is obtained.

ADp = (1+ a) - AD(Q)
= (14 (1.12SDI —8.95))-AD(Q) - - - (8)

[0036] Next, Fig. 4 shows a result of calculating an influence on the increase value: ADp of the granulated particle size
using the size distribution index SDI and the agitation energy Q as parameters. From Fig. 4, it can be seen that when the
SDl is the same, the increase value AD,, of the granulated particle size becomes larger as the agitation energy (kWh/t)
applied to the raw material becomes higher, and that when the agitation energy is the same, the increase value ADp ofthe
granulated particle size becomes larger as the SDI becomes larger. Therefore, in the case where the ratio of particles of 15
to 500 wm that reduce adhesiveness is increased and the SDlI is reduced as in the case where concentrate is blended,
producing the same particle size increasing effect requires higher agitation energy. Conversely, in the case where the ratio
of particles up to 15 wm is increased and the SDI is increased as in the case where a pellet feed is blended, applying
relatively low agitation energy can produce the granulation property improving effect by the high-speed agitation method.
[0037] Theseresults demonstrate that, to maintain the granulation property when using a large amount of pulverized ore
in producing a granulated raw material for sintering, it is important to perform high-speed agitation with a pellet feed
preferentially blended in alarge amount. Itis presumed that this has an effect of improving the filling property and improving
the adhesiveness of granulated particles as the pellet feed in the adherent powder layer is mixed to a greater degree.

Industrial Applicability

[0038] The presentinvention is applicable as a technology for granulating and agglomerating not only granulated raw
materials for sintering but also other iron-making raw materials.

Claims

1. A method for producing a granulated raw material for sintering,
characterized in that,
in producing a granulated raw material for sintering by performing high-speed agitation and then granulation of a
blended raw material for sintering, a power for the high-speed agitation is adjusted according to a particle size
distribution of an iron-containing raw material in the blended raw material for sintering.

2. The method for producing a granulated raw material for sintering according to claim 1, wherein,
in the high-speed agitation of the blended raw material for sintering, the agitation power is adjusted based on a size
distribution index (SDI) of the following Formula (1):

Wg Wi
100dg 1004y,

SDI:( )xWiosoo/loo e (D

where

a ratio of particles up to 500 pwm in the iron-containing raw material: W, 5,4 (mass%),

a ratio of particles with a particle size of 15 to 500 um in the iron-containing raw material: Wy (mass%),

a ratio of particles with a particle size smaller than 15 um in the iron-containing raw material: W;g (mass%),
amean particle size of the particles with a particle size of 15 to 500 wm in the iron-containing raw material: d; (mm),
and

a mean particle size of the particles with a particle size smaller than 15 pm in the iron-containing raw material: ds
(mm).
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The method for producing a granulated raw material for sintering according to claim 2, wherein,
in the high-speed agitation of the blended raw material for sintering, a blended raw material for sintering of which the
size distribution index (SDI) expressed by Formula (1) satisfies a relation SDI > 7 is used.

The method for producing a granulated raw material for sintering according to any one of claims 1 to 3, wherein,

in the high-speed agitation of the blended raw material for sintering, the high-speed agitation is performed with an
agitation power that meets the following Formula (2):

0.172 X {1 + (1.12SDI - 895)}xQ >0 - - - (2)

where Q (kWh/t) is obtained by dividing a difference in electricity consumption (kWh) of a rotor of an agitation
blade between when under load and when under no load by a weight (t) of the blended raw material for sintering to
be subjected to the high-speed agitation (when under load: the blended raw material for sintering is present; when
under no load: when operating in an empty state without the blended raw material for sintering).

A method for producing sintered ore,

characterized in that

a granulated raw material for sintering produced based on the method for producing a granulated raw material for
sintering according to claim 4 is charged into a sintering machine and sintered.
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