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BINDER COMPOSITION AND A SINTERING PROCESS

Field of the invention

The present invention relates to a binder composition for agglomeration fine
ore particles and to a method for preparing ore agglomerates. The present
invention further relates to a sintering process and use of the binder
composition in agglomerating ores.

Background

Granulating and pelletization are standard methods of agglomerating used to
turn fine minerals fractions, such as iron ore, into an adequate product to be
fed to the blast furnace and to the direct reduction reactors.

Iron ore is commonly used in the production of steel. In the first step of the
steel-making process, iron is recovered from the ore by smelting in a blast
furnace. To be fed directly into the furnace, to the iron ore must be in the form
of agglomerates of substantial size. If the ore is in the form of particles that are
too small for direct feed, it is necessary to convert the iron ore particles to a
sinter or to pellets.

Considering iron ore concentrate, the feed to a blast furnace should form a
permeable bed of material, permitting gas flow through it uniformly at a high
rate. Powdered iron ore concentrates containing fine particles are not suitable
as feed because fines tend to pack into a non-permeable bed. In addition, the
fine particles are likely to be carried away as dust by the high gas flow rates
into the blast furnace and into the direction of the reduction reactor. The
powdered ore must therefore be agglomerated into larger particles that will
improve permeability of the furnace feed, increase the rate of reduction, and
reduce the amount of material blown out of the furnace as dust.

For the fine particles, pelletization is a common method of feedstock
production for the furnaces.

Pelletizing is an agglomeration technique in which the powdered ore is first
formed into a "green" (wet) pellet or ball, which is then dried in a first separate
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step and hardened in a second separate step, both usually by heating. Green
pellets are made by combining moist ore with a binder and rolling it into balls
using either a pelletizing disc or a pelletizing drum. The pellets are then dried,
preheated, and finally fired to more than 1000 °C to harden them by sintering.
This temperature is lower than the melting point of iron oxides, and the pellets
harden by recrystallization of hydrated fines ore. The fines ores are dispersed
by the binder system, between the particle grain boundaries.

Common binders used to agglomerate particular iron ore include certain poly-
mers and bentonite, although many binders have been proposed in the
literature, for example various clays, ferrous sulphate, lignin sulphate, asphailt,
starches, calcium and sodium compounds.

The clay minerals are among the most frequently used binders in iron ore
pelletization. The main advantage of clay minerals is their good wettability,
their great adhesive and cohesive force, which provides sufficient mechanical
stability of the finished pellets, as well as their thermal stability. The main
disadvantage of clays and other binders based on silicate minerals is that they
increase silica content in the finished pellet. This has prompted continuing
interest in developing binders that contain less or no silica.

Organic binders have the advantages that they are highly effective, can be
specifically designed for binding particular types of particles, have highly
reproducible characteristics, and do not increase the silica content.
Investigations show that the improvement in natural adhesion between the
powder particles caused by the organic binders is attributed to its increasing
effect on the wettability on the surface of concentrates, besides an increase in
the dispersion of ore fines. The increase of the dispersion degree of fines
when organic binders are used entails an increase in the pellet strength by fill-
ing the empty spaces between the solid particles which form the pellets with a
better finishing without dust from fines on the particles' and pellets' surface.
Organic binders also burn out during sintering thus causing an increase in the
micro porosity of the finished pellets.

For example, WO 2013/010629 discloses a binder composition for pelletization
of fine mineral particles comprising a) at least one colloid agent, such as
calcium compounds, magnesium compounds and clay materials, which exerts
a cohesive force on the mineral particles forming the pellets, and b) at least
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one synthetic polymer, such as urea-formaldehyde resin, vinyl acetate polymer
and styrene-acrylic copolymer, which disperses mineral particles in the pellets.

US 2014/0033872 relates to binder compositions for agglomerating iron ore
fines comprising: (a) about 30 to about 80% by weight one or more types of
anionic or nonionic acrylamide-containing polymer, such as polyacrylamide; (b)
about 10 to about 35% by weight one or more types of inorganic or organic
monomeric electrolyte, such as sodium carbonate and sodium hydroxide and
the corresponding calcium or magnesium salts of the preceding salts; and (c)
about 10 to about 35% one or more types of finely ground wood fiber.

EP 1540023 B1 discloses a process for producing iron oxide-containing pellets
wherein fine iron oxide particles are agglomerated in the presence of an
organic binder and a binder additive which serves to improve the preheat
strength of the pellets. The binder additive can be a boron-containing
compound or calcium fluoride.

Even though there are a wide variety of methods and binder compositions for
agglomerating of fine ore materials, there is still need for new and more
efficient binder compositions with improved properties.

Summary of invention

An object of the present invention is to provide a binder composition for
agglomeration fine ore particles.

A further object of the present invention is to provide a method for preparing
ore agglomerates.

Yet, a further object of the present invention is to provide a use of the binder
composition in preparation of ore agglomerates.

Yet, a further object of the present invention is to provide a binder composition
that binds the ore fines efficiently improving the degree of granulation.

Yet, another object of the present invention is to provide a binder composition
that improves bed permeability to a degree where the bed level during sinter-
ing can be increased.
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Yet, a further object of the present invention is to provide a sintering process
which improves productivity.

Yet, a further object of the present invention is to provide a sintering process
which saves energy and lowers coke consumption.

It has now been surprisingly found that in one aspect of the invention a binder
composition comprising: a water soluble metal salt, such as magnesium (Mg)
or copper (Cu) salt; and a synthetic polymer, a surfactant, or a combination or
mixture thereof in form of a solution, preferably a dispersant or a surfactant
having low molecular weight, binds ore, such as iron ore, fines very efficiently
improving degree of granulation. This leads to several benefits in the
production process, the most important benefit being increased productivity
(tons/hour of sinter).

The binder compositions of the present invention improve bed permeability to
a degree where the bed level during sintering can be increased, which
improves productivity significantly.

Dust formation in the sintering process is a problem. The developed binder
compositions contain inorganic materials that remain between the ore particles
when the polymer is combusted. The inorganic materials contribute to slag
formation giving the sinter improved mechanical strength after sintering.

Granulation at production plants usually require significant amount of water,
which needs to be evaporated in the process consuming large quantities of
energy. Because of the efficient binding properties of the binder compositions
of the present invention, amount of added water in the sintering process can
be reduced which will lead to energy savings/lower coke consumption.

The binder composition of the present invention is preferably applied in a
soluble form, preferably in a form of aqueous solution. This allows better
mixing and distribution of the composition with the ore fines and thus improved
performance in granulation and strength. The binder composition can be
dosed as a solution, preferably as an aqueous solution, to the process
enabling good homogenization of the product.

The present invention provides a binder composition for agglomeration fine ore
particles as depicted by claim 1.



WO 2017/194841 PCT/FI12017/050365

10

15

20

25

30

5

The present invention further provides an ore composition as depicted by claim
26.

The present invention further provides a method for preparing ore agglomer-
ates as depicted by claim 28.

The present invention further provides a sintering process as depicted by claim
32.

The present invention further provides a use of the binder composition in gran-
ulating ore as depicted by claim 36.

Detailed description

According to the first aspect of the present invention there is provided a binder
composition for agglomerating fine ore particles. More particularly there is
provided a binder composition for agglomerating fine ore particles, comprising:
a water soluble metal salt; and a synthetic polymer, a surfactant, or a
combination or mixture thereof; in a form of a solution.

As used herein, the phrase “ore fines” or “fine ore particles” refers to ore
materials that are in particulate form, e.g. in powder, dust, chip or other partic-
ulate form. In exemplary embodiments, the ore fines are particles of ore that
are substantially of small particle size, for example less than about 250 um.
Ores are rocks and minerals from which metallic ore, such as iron ore, or non-
metallic ore can be economically extracted. For example, iron ores are usually
rich in iron oxides and vary in color from dark grey, bright yellow, deep purple,
to rusty red. The iron itself is usually found in the form of magnetite (Fes0a),
hematite (Fe20s3), goethite (FeO(OH)), limonite (FeO(OH)-n(H20)) or siderite
(FeCO3). Taconite is an iron-bearing sedimentary rock in which the iron miner-
als are interlayered with quartz, chert, or carbonate. Itabirite, also known as
banded-quartz hematite and hematite schist, is an iron and quartz formation in
which the iron is present as thin layers of hematite, magnetite, or martite. Any
of these types of iron are suitable for use in forming the agglomerate as
described herein. In exemplary embodiments, the iron ore fines are
substantially magnetite, hematite, taconite or itabirite. In exemplary
embodiments, the iron ore fines can be contaminated with clay.
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As used herein, the term “binder” or “binder composition” refers to a composi-
tion or a system of components that is added to the ore fines in order to draw
them together in such a way that the mixture maintains a uniform consistency.
The binder composition may be added to the ore fines as a mixture of the
components or the components of the binder composition may be added
separately to the ore and in any order deemed suitable by one of skill in the
art.

As used herein, the term “agglomerate” refers to a small particle created by
agglomerating the mixture comprising fine ore particles and the binder compo-
sition and optionally a liquid, such as water. Such mixtures may also be
compressed into shapes such as pellets, briquettes or other appropriate
shapes. As will be understood by those of skill in the art, the shape of the
agglomerated particle is not particularly limited. In exemplary embodiments,
the final particle size of the agglomerated particle is from about 1 mm to about
25 mm, in another exemplary embodiment from 1 mm to 8 mm.

The synthetic polymer is in a form of a solution in the binder composition. In
one embodiment the synthetic polymer is a water soluble polymer, preferably
the water soluble polymer is in a form of an aqueous solution in the binder
composition.

In one embodiment the binder composition comprises a water soluble metal
salt and a water soluble polymer in a form of an aqueous solution.

In another embodiment the binder composition comprises a water soluble
metal salt and a surfactant in the form of an aqueous solution.

In preferred embodiment the binder composition is in a form of an aqueous
solution.

Average molecular weight, in one embodiment, of the synthetic polymer is from
500 g/mol to 200000 g/mol, preferably from 500 g/mol to 10000 g/mol, more
preferably from 2000 g/mol to 10000 g/mol. Here the value “average molecular
weight” is used to describe the magnitude of the polymer chain length. Molec-
ular weight distribution: My, M, and PD were measured using an Agilent 1100
series SEC apparatus equipped with a Rl detector. Polymers were dissolved in
THF before injection. The standards used for the determination of the molecu-
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lar weight were a series of PEO (polyethylene glycol) with molecular mass
(Mw) varying from 430 to 1015000.

In one embodiment viscosity of the synthetic polymer is from 100 cP to 2000
cP, preferably from 100 cP to 1000 cP, more preferably from 200 cP to 800 cP.
The viscosity (cP) was determined using a Brookfield Digital Viscometer
(model DV-I +) following the standard instructions (manual M/92-021-P405),
measured at room temperature.

In one embodiment the synthetic polymer is produced by solution polymeriza-
tion process.

The synthetic polymer may be a homo- or copolymer of acrylic acid, maleic
acid, sulfonic acid or theirs salt, or a mixture thereof. The salt may be sodium
salt, ammonium salt, methyl salt, or a mixture thereof.

In one embodiment the synthetic polymer is anionic or non-ionic synthetic
polymer. Preferably the synthetic polymer is anionic synthetic polymer.

Charge density of the anionic polymer is preferably from -3 meq/g to -12
meq/g, more preferably from -7 meq/g to -11 meq/g. The charge density is
determined at pH 7, and measured by titration with a Miitek™ particle charge
detector (PCD-03) from BTG Mutek GmbH. The standard used was the anionic
solution PES-Na (polyethene sodium sulfonate; ¢ = 0.001 mol/L).

In one embodiment the synthetic polymer is a dispersant.

In one embodiment, the dispersant is selected from a group consisting of
polyacrylate, polycarboxylate (not esters), polyacrylic acid, polyacrylamide
(SPAM), or mixtures thereof. Preferably the dispersant is sodium polyacrylate,
poly(2-acrylamido-2-methyl-1-propanesulfonic acid) (polyAMPS), or mixtures
thereof.

In one embodiment, the surfactant is an anionic surfactant having carboxylate,
sulfate, sulfonate, or phosphate group(s). Preferred anionic surfactants are
alkyl ether carboxylate, alkyl sulfate, alkyl ether sulfate, alkylbenzene
sulfonate, dialkyl sulfosuccinate, alkyl phosphate, or a mixture thereof, prefer-
ably sodium dioctyl sulfosuccinate.
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In another embodiment, the surfactant is a non-ionic surfactant having poly-
ether groups(s) such as polyether consisting of oxyethylene unit(s); poly-
hydroxyl group(s); or fatty acid alcohol, or a mixture thereof. Preferred non-
ionic surfactants are ethoxylated linear alcohol, ethoxylated alkyl phenol, fatty
acid ester, fatty acid alcohol, amine and amide derivatives, alkylpolygluco-
sides, etheleneoxide/propyleneoxide copolymer, polyalcohol, ethoxylated
polyalcohol, thiol (mercaptan) and derivatives thereof, fatty acid ethoxylate, or
a mixture thereof, preferably tridekanolethoxylate.

In one embodiment the water soluble metal salt is water soluble metal(ll) salt.
By metal(ll) is meant bivalent metal ion; in other words a metal ion having a
valence of two (Me*").

In one embodiment the water soluble metal(ll) salt is magnesium salt, copper
salt, or a mixture thereof. Preferred water soluble metal(ll) salt is magnesium
salt. An example of suitable magnesium salt is magnesium nitrate (Mg(NOs)2),
such as magnesium nitrate hexahydrate (Mg(NOs3)2:6H20).

In one embodiment amount of the water soluble metal salt is from 10 wt.% to
70 wt.%, preferably from 20 wt.% to 60 wt.%, and more preferably from 25
wt.% to 55 wt.% based on the total weight of the binder composition calculated
as dry solids.

In another embodiment weight ratio of the water soluble metal salt to the
synthetic polymer is from 0.1 to 2.2, preferably from 0.3 to 1.6, and more pref-
erably from 0.5 to 1.3 calculated as dry solids.

The ore may be metallic ore or metallic mineral such as iron ore, taconite,
magnetite, hematite, limonite, goethite, siderite, franklinite, pyrite, chalcopyrite,
chromite, ilmenite, chrome, copper, nickel, zinc, lead, uranium, borium or
mixtures thereof.

The ore may also be non-metallic ore or non-metallic mineral, such as phos-
phate rock, talc, dolomite, limestone, potassium sulfate, potassium chloride,
double sulfate of potassium and magnesium, magnesium oxide, calcium
phosphate, carbon black, coal, coal fines, calcite, quartz or mixtures thereof.

In one embodiment the ore is selected from a group consisting of iron ore,
taconite, magnetite, hematite, limonite, goethite, siderite, franklinite, pyrite,



WO 2017/194841 PCT/FI12017/050365

10

15

20

25

30

9

chalcopyrite, chromite, ilmenite, chrome, copper, nickel, zinc, lead, uranium,
borium, phosphate rock, talc, dolomite, limestone, potassium sulfate, potas-
sium chloride, double sulfate of potassium and magnesium, magnesium oxide,
calcium phosphate, carbon black, coal, coal fines, calcite, quartz, or any
mixtures thereof.

In a preferred embodiment the ore is iron ore.

In one embodiment the binder composition is prepared by dissolving the water
soluble metal salt to water followed by mixing with the synthetic polymer
and/or surfactant in a form of a solution. In another embodiment the water
soluble metal salt is dissolved to the synthetic polymer and/or surfactant in a
form of a solution.

According to the second aspect of the present invention there is provided an
ore composition. More particularly there is provided an ore composition
comprising the binder composition according to the present invention and an
ore(s).

The ore is selected from a group consisting of iron ore, taconite, magnetite,
hematite, limonite, goethite, siderite, franklinite, pyrite, chalcopyrite, chromite,
ilmenite, chrome, copper, nickel, zinc, lead, uranium, borium, phosphate rock,
talc, dolomite, limestone, potassium sulfate, potassium chloride, double sulfate
of potassium and magnesium, magnesium oxide, calcium phosphate, carbon
black, coal, coal fines, calcite, quartz, or any mixture thereof. Preferably the
ore is iron ore.

According to the third aspect of the present invention there is provided a
process for preparing ore agglomerates. More particularly there is provided a
process for preparing ore agglomerates comprising (i) adding the binder
composition according to the present invention to fine ore particles to form a
mixture; and (ii) forming the mixture into agglomerates.

The binder composition is added to fine ore particles to form a mixture.
Alternatively the components of the binder composition may be added and
blended separately to the ore fines. In one embodiment the water soluble
metal salt is added first to the ore fines followed by addition of the synthetic
polymer and/or surfactant in the form of a solution. In other embodiment the
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synthetic polymer and/or surfactant in the form of a solution is added first to
the ore fines followed by addition of the water soluble metal salt.

In one embodiment the binder composition is added as an aqueous solution.

The process steps of adding the binder composition to ore fines to form a
mixture or forming the mixture into agglomerates can be carried out in the
conventional or known methods in the art. In one embodiment, the process
further comprises the step of mixing, stirring or agitating the mixture after the
addition of the binder composition. The binder composition may be added to
the ore fines prior to or during mixing of the mixture. For example, the binder
composition can be blended with the ore fines by scattering the binder compo-
sition on to the ore fines as it is carried toward a mixer, such as a paddle mixer
with stators.

The process may further comprise step of adding water, which may be added
before, during or after the addition of the binder composition to the ore fines.
The amount of water added is the amount required to bring the moisture
content to the optimum level for the particular mixture. In an exemplary
embodiment, the ore fines, prior to adding the binder composition, already has
the desired final moisture content of about 5 to about 15%, or about 6 to about
10%, by weight based on the weight of the ore. The moisture content is the
moisture as measured by heating up to 105 °C. If the ore fines initially do not
contain the desired final moisture content, water may be added to increase the
moisture content.

In one embodiment water is added to step (i) to raise moisture content of the
ore, preferably water is added to step (i) to raise moisture content of the ore to
5-15%.

In another embodiment the binder composition is diluted to the water before
addition of the water to the step (i).

The forming of the mixture into agglomerates may be conducted with any
known method in the art. The forming may be conducted with or without
compression, by balling on a disc, or balling in a drum.

The process may further comprise a drying step in which the formed agglom-
erates are dried. The agglomerates may be dried for example in an oven at a
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suitable temperature such as at a temperature from 70 °C to 110 °C, or at
75°C or at 105 °C. In one embodiment the agglomerates are dried until
completely dry, that is, a constant weight is reached when compounds which
are volatile under the drying conditions are vaporized from the agglomerates.

In one embodiment the binder composition is added to step (i) in an amount of
from 0.01 kg to 0.5 kg, preferably from 0.05 kg to 0.3 kg, more preferably from
0.1 kg to 0.2 kg per ton of the fine ore particles, calculated as dry solids.

Additional components may also be added to step (i). The additional compo-
nents may be selected so that the formed agglomerates have desired features.
Examples of the additional components are coal, coke, lime, dolomite, or any
mixture thereof, especially coal.

According to the fourth aspect of the present invention there is provided a
sintering process. More particularly there is provided a sintering process
comprising (i) adding the binder composition according to the present
invention to fine ore particles to form a mixture; (ii) forming the mixture into
agglomerates; and (iii) heating the agglomerates at a temperature from
1000 °C to 1400 °C to obtain sinter.

The binder composition is added to fine ore particles to form a mixture. Alter-
natively the components of the binder composition may be added and blended
separately to the ore fines. In one embodiment the water soluble metal salt is
added first to the ore fines followed by addition of the synthetic polymer and/or
surfactant in the form of a solution. In other embodiment the synthetic polymer
and/or surfactant in the form of a solution is added first to the ore fines
followed by addition of the water soluble metal salt.

In one embodiment the binder composition is added as an aqueous solution.

The process steps of adding the binder composition to ore fines to form a
mixture or forming the mixture into agglomerates can be carried out in the
conventional or known methods in the art. In one embodiment, the process
further comprises the step of mixing, stirring or agitating the mixture after the
addition of the binder composition. The binder composition may be added to
the ore fines prior to or during mixing of the mixture. For example, the binder
composition can be blended with the ore fines by scattering the binder compo-
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sition on to the ore fines as it is carried toward a mixer, such as a paddle mixer
with stators.

The process may further comprise step of adding water, which may be added
before, during or after the addition of the binder composition to the ore fines.
The amount of water added is the amount required to bring the moisture
content to the optimum level for the particular mixture. In an exemplary
embodiment, the ore fines, prior to adding the binder composition, already has
the desired final moisture content of about 5 to about 15%, or about 6 to about
10%, by weight based on the weight of the ore. The moisture content is the
moisture as measured by heating up to 105 °C. If the ore fines initially do not
contain the desired final moisture content, water may be added to increase the
moisture content.

In one embodiment water is added in step (i) to raise moisture content of the
ore, preferably water is added in step (i) to raise moisture content of the ore to
5-15%.

In another embodiment the binder composition is diluted to the water before
addition of the water to the step (i).

The forming of the mixture into agglomerates may be conducted with any
known method in the art. The forming may be conducted with or without
compression, by balling on a disc, or balling in a drum.

In one embodiment the binder composition is added to step (i) in an amount of
from 0.01 kg to 0.5 kg, preferably from 0.05 kg to 0.3 kg, more preferably from
0.1 kg to 0.2 kg per ton of the fine ore particles, calculated as dry solids.

Additional components may also be added to step (i). The additional compo-
nents may be selected so that the formed agglomerates have desired features.
Examples of the additional components are coal, coke, lime, dolomite, or any
mixture thereof, especially coal.

The process may further comprise a pre-heating step after step (ii) and prior
step (iii) in which the formed agglomerates are dried. The agglomerates may
be dried for example in an oven at a suitable temperature such as at a
temperature from 70 °C to 110 °C, or at 75 °C or at 105 °C. In one embodi-
ment the agglomerates are dried until completely dry, that is, a constant weight
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is reached when compounds which are volatile under the drying conditions are
vaporized from the agglomerates.

In step (iii) the agglomerates are heated at a temperature from 1000 °C to
1400 °C, preferably at a temperature from 1000 °C to 1200 °C, to obtain the
sinter. The heating can be conducted by any methods known in the art. As an
example, the agglomerates may be introduced to a kiln or other firing appa-
ratus and fired in a conventional manner. As another example, the agglomer-
ates may be heated on a sintering belt in a sintering belt process.

According to the fifth aspect of the present invention there is provided a use of
the binder composition. More particularly there is provided a use of the binder
composition according to the present invention as an additive in agglomerating
ores.

The binder composition is used in an amount of from 0.01 kg to 0.5 kg, prefer-
ably from 0.05 kg to 0.3 kg, more preferably from 0.1 kg to 0.2 kg per ton of the
particulate ore, calculated as dry solids.

Hereafter, the present invention is described in more detail and specifically
with reference to the examples, which are not intended to limit the present
invention.

Examples

Materials

Synthetic polymer in the form of solution:

Solids content of the materials is approx. 45%.

Chem1: Sodium polyacrylate, cas: 9003-04-7, Viscosity 200 cP, MW 2600
Chem2: Sodium polyacrylate, cas: 9003-04-7, Viscosity 250 cP, MW 3400
Chema3: Sodium polyacrylate, cas: 9003-04-7, Viscosity 600 cP, MW 4500

Chem4: Copolymer Na salt, cas: 25987-30-8, Viscosity 800 cP, MW 6700

Chem5: Sodium polyacrylate, cas 9003-04-7, Viscosity 900 cP, MW 50000
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Chem6: Polyacrylic acid, cas: 9003-04-7, Viscosity 1100 cP, MW 150000
Chem?7: Copolymer Na salt, cas: 52255-49-9, viscosity 130 cP, MW 2300

Chem8: Sodium dioctyl sulfosuccinate, cas: 577-11-7, viscosity & MW not
determined

Chem9: Tridekanolethoxylate, cas: 69011-36-5, viscosity & MW not
determined

Chem10: Silicate/PAA blend, cas: 1344-09-8, viscosity 300 cP

Water soluble metal salt:

Mg(NOs)2-H20, Magnesium Nitrate hexahydrate

Ref polymer:

Chem11: Nonionic polyacrylamide — High MW product (MW > 1 million)

Preparation of binder composition according to the present invention

Magnesium Nitrate hexahydrate was dissolved to water, and then the solution
was mixed with the synthetic polymer in a form of a solution. The prepared
binder composition had the following composition: 20 wt.% of Magnesium
Nitrate hexahydrate, 70 wt.% of the synthetic polymer, and 10 wt.% of water.

Preparation of iron ore agglomerates according to the present invention

Dry or moist sinter feed mixture containing various iron ore bearing materials
together with lime, dolomite, coal etc. was placed inside an Eirich RO1
granulator. A batch size of 3 kg's material per test was used. The materials
were mixed accordingly:

Step 1. 30 sec at 250 rpm for mixing.

Step 2. 60 sec of mixing with water addition. Water is added to raise moisture
content of the ore to about 8-12%. The binder compositions are diluted to this
moisture control water.

Step 3. Additional 60 sec of granulation with 250 rpm.
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After agglomeration the agglomerates are dried in an oven at 105 °C until
completely dry. A part of the batch is used to determine moisture content after
granulation. The dry granules are placed on a stack of sieves ranging from
0.5mm to 12mm in 1Tmm intervals and the batch of material is sieved through
manually. The weight on each sieve is recorded and based on the weights on
each sieve the particle size distribution can be calculated.

Permeability was measured with a device manufactured by Kemira workshop.
The wet material after granulation is placed in a cylinder approx. 22cm in
height and 8cm in width. Below the cylinder is an engine that creates airflow. In
the cylinder is 2 sensors 15cm from each other that measure pressure differ-
ence. Below the cylinder is a sensor that measures airflow speed. From these
parameters can be calculated permeability (JPU = Japanese permeability Unit)
by using the following equation. Permeability was calculated 1min and 2min
after airflow. High permeability will be an advantage for sintering process.
Results are disclosed in Table 1.

N had § AEELESN
AR CHEN SR
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Table 1.

|Test binder Moisture [%] : d50 d10 ¢ d90 >10mm[%] | 2-8mm[%] : <2mm[%] = JPU [1min] JPU [2min] |

“Chem? +30% Mg(NO3)2 (260g/t)
Chem?7 + 30% Mg(NO3)2 (520g/t)
Chem?7 + 30% Mg(NO3)2 (600g/t)

:Chem1 + 30% Mg(N03)2 (600g/t)
Average Chem1 + 30% Mg(NO3)2

The results in Table 1 show that dispersant and surfactant blends with
Mg-nitrate agglomerates the material better in equal moisture level as the
reference. The improved agglomeration results to improved permeability (JPU)
values, which will result in increased sinter productivity.

As a reference also Chem11 was added. It shows really bad performance;
granulation is poor (lowest d50 and d90). It generates a lot of dust (< 2mm
material) and has a lower permeability value than the reference experiments.

Sintering process according to the present invention

About 25 kg of sintering process feed mixture was used in each test. Half the
material was placed in a drum with a diameter of 60cm and rotation of the
drum started. At this time moisture control water was spayed in the drum. The
binder composition (Chem3 + Mg(NOs)2'H>O) was again dissolved into the
moisture control water.

Agglomeration time in total was 3-4 minutes after which the material was
removed and the size distribution of wet granules was measured by using
sieves of 1.6mm, 3mm and 5mm. Based on these sieve fractions a granulation
degree was calculated (the bigger granules the better).
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The granulated material mixture was heated to about 75 °C. The heated
material was placed inside a steel pot with the maximum height of 320mm and
width 200mm. The material was ignited on the surface by using petrol after
which vacuum was created in the pot. The coal in the charge of sinter feed
started to burn and generating heat necessary for sintering. The vacuum side
of the pot had a sensor to determine strength of the vacuum. The bottom of the
pot had a temperature sensor that was used to determine burn trough time of
coal = time of sintering.

Based on sintering speed productivity kg/(m?xmin) was calculated. A percent-
age for good quality sinter was calculated = the usable weight from the
sintered charge that could be used in the process, only dust < 5mm in size was
removed. After sintering the pot was emptied and the material screened to
different size fractions of 40mm, 25mm, 12mm, 10mm, 8mm, 5mm and below
5mm. About 5kg of material in size range of 10 to 25mm was used for the
tumbling index test. About 8 kg of material in the size range of 8-25mm was
used in the tumbling index test. The results were reported in percentage of
material above 5 mm in size after the test. The higher the percentage, the
better the result. The sinter binder pot grate results are shown in Table 2.
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Table 2. Results of sintering pot grate tests including references and tests with
sinter binder (Chem3 + Mg(NOs)2-H20) according to the present invention

z 3 4 S S 7 8 11
Blank | EXPN (26| EXPN 026 £)X0N 0261 EXPN 026 | ExPN 028 Biank
200 150 180 i
03,0065 0,004 00044
solviion S0lulon soiution
Aglomerat ok | Aglomerat
w | embtture A e mixture
withw - With W-
5,62 550%
24 2, 2.6
0.85 . 1.4
280 2 320
S 7,18 | 7.5 Q0 a8 7.58
6,40 a9 700 £.48 €.55 510 288 £,60 6,78
79.5 50.0 80.5 2.8 84,0 770 0.0 7.0 80,8
417 8.0 437 48,8 30,1 403 45,6 482 378
: 3 30.2 33,2 29.4 298 25,7 279 280 30.5 21,8
" #1i8me 105 183 21.8 9.5 24.0 181 204 244 21,8 7.8 275
-1 B 1.6 14.4 6,3 2.3 2.8 3.2 3.8 78 4,4 3.5 6.8
sragdel Y 72 T5e 71,5 16 7.1 755 704 855 e 728 §5.0
§9:5 82:8 53,8 525 462 563 £8.6 £6.2 606 G0E £0.0
&5 &7 oS 8.5 B.4 8.2 S5 % &1 4.9 5.7
73 58 10,5 48 2.0 4.3 3.8 12,3 78 8,2
& 9.2 125 1.8 8.2 3.8 3 4.2 8.2 8.4
282 253 27.4 15.5 18.0 258 28,8 25, 28.8 279
28,8 238 24.% 35.0 34,8 3.0 277 282 8.0 254
280 382 25.0 475 2.3 343 30,3 31,1 30.4 301
533 53,8 842 53.8 5.2 - §3.7
.2 12,8 11,8 9.5 129 - 0.4
2,387 217 2,428 2.584 2,310 ~ 248
- 0,38 30.34 0.4 0.3 043 - 0,18
145 ee 178 7950 310 &G0 500 550 480 560
85 52 50 310 258 270 147 245 128 202
193 200 212 328 280 255 230 188 259 265
258 203 340 10,8 10,0 4 184 148 17,7 3163
.89 303 Q.61 1,98 1.08 1,85 1,20 1.5% 1,30 3.40
0,58 283 043 298 1ET 102 6.7 105 C.87 9.84
044 Q58 0833 108 105 c8s CB9 0,82 07a 9,80
zZ 3.2 8,2 264 28.0 22,5 18.8 218 18.9 33,6

Table 2 shows that the sinter binder agglomerates the sinter feed mixture
(consisting of concentrate, limestone, coke and return fines) well, comparing to
the reference. Agglomeration grade/degree uses an equation to be able to
present granule screen sizes of +5, +3, +1.6 and -1.6 with one number. The
higher the value the better, since it enables good permeability or airflow
through the particles.

The results show that with all dosage levels the sinter binder is able to provide
a higher degree of granulation than the reference samples. This is the first step
to achieve high productivity.

The sinter binder significantly reduces the sintering time in the pot grate tests.
This is directly correlated to improved productivity. The sinter binder shows
that the amount of good quality sinter, kg/min, is improved significantly with
both data sets when comparing to the references. This has a positive effect on
the final productivity of the sintering machine kg/(m? * min). The data in Table 2
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shows that with 320mm bed level productivity kg/(m2 * min) is increased from
0.80 to 0.97, which equals an improvement of 21%.

The increased granule size distribution of granules provided by the sinter
binder makes it possible to increase bed height from 280mm to 320mm. This is
directly correlated with productivity improvement.

The results in Table 2 show that the sinter binder according to the present
invention improves tumbling index values. In the test series with 320mm bed
height tumbling index (drum test, +5mm %) is improved from 60% to 60.5 and
60.6%. This is significant when producing 6 MMT sinter per year. Also, quicker
sintering (short sintering time) tends to lower sintering temperature, which
reduces tumbling index. However, with the sinter binder according to the
present invention this is avoided and tumbling index improves even though
sinter time reduces. This effect is caused by the added magnesium nitrate to
the formulation, it increases slag formation at high temperatures which
increases the mechanical strength of sinter.

During the tumbling index test also harmful fines are formed (-0.5mm material)
which has to be recirculated in the process. The results in Table 2 show that
the sinter binder decreases the amount of formed fines. This effect can also
contribute to increased production capacity of the sinter plant.



WO 2017/194841 PCT/FI12017/050365

20
Claims
1. A binder composition for agglomerating fine ore particles, comprising:
a water soluble metal salt; and
a synthetic polymer, a surfactant, or a combination or mixture thereof;
in a form of a solution.

2. The binder composition according to claim 1, wherein the synthetic polymer
is a water soluble polymer.

3. The binder composition according to claim 2, wherein the water soluble
polymer is in a form of an aqueous solution.

4. The binder composition according to any one of claims 1-3, wherein viscos-
ity of the synthetic polymer is from 100 cP to 2000 cP, preferably from 100 cP
to 1000 cP, more preferably from 200 cP to 800 cP.

5. The binder composition according to any one of claims 1-4, wherein the
synthetic polymer is anionic or non-ionic synthetic polymer, preferably anionic
synthetic polymer.

6. The binder composition according to any one of claims 1-5, wherein the
synthetic polymer is a dispersant.

7. The binder composition according to any one of claims 1-6, wherein aver-
age molecular weight of the synthetic polymer is from 500 g/mol to 200000
g/mol, preferably from 500 g/mol to 10000 g/mol, more preferably from 2000
g/mol to 10000 g/mol.

8. The binder composition according to any one of claims 1-7, wherein the
synthetic polymer is produced by solution polymerization process.

9. The binder composition according to any one of claims 1-8, wherein the
synthetic polymer is a homo- or copolymer of acrylic acid, maleic acid, sulfonic
acid or theirs salt, or a mixture thereof.

10. The binder composition according to claim 9, wherein the salt is sodium
salt, ammonium salt, methyl salt, or a mixture thereof.
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11. The binder composition according to any one of claims 1-10, wherein it
comprises a water soluble metal salt and a salt of a synthetic polymer in a
form of a solution, wherein the synthetic polymer is a homo- or copolymer of
acrylic acid, maleic acid or sulfonic acid, the salt of a synthetic polymer is a
sodium salt, ammonium salt or a mixture thereof, and average molecular
weight of the synthetic polymer is from 500 g/mol to 200000 g/mol.

12. The binder composition according to claim 5, wherein charge density of
the anionic polymer is from -3 meq/g to -12 meq/g, preferably from -7 meq/g to
-11 meq/g.

13. The binder composition according to claim 6, wherein the dispersant is
polyacrylate, polycarboxylate (not esters), polyacrylic acid, polyacrylamide
(SPAM), or mixtures thereof.

14. The binder composition according to claim 6 or 13, wherein the dispersant
is sodium polyacrylate, poly(2-acrylamido-2-methyl-1-propanesulfonic acid)
(polyAMPS), or mixtures thereof.

15. The binder composition according to any one of claims 1-10 or 12-14,
wherein the surfactant is

an anionic surfactant having carboxylate, sulfate, sulfonate, or phosphate
group(s), or

a non-ionic surfactant having polyether groups(s) such as polyether consisting
of oxyethylene unit(s); polyhydroxyl group(s); or fatty acid alcohol.

16. The binder composition according to claim15, wherein the anionic
surfactant is alkyl ether carboxylate, alkyl sulfate, alkyl ether sulfate, alkyl-
benzene sulfonate, dialkyl sulfosuccinate, alkyl phosphate, or a mixture
thereof, preferably sodium dioctyl sulfosuccinate.

17. The binder composition according to claim 15, wherein the non-ionic
surfactant is ethoxylated linear alcohol, ethoxylated alkyl phenol, fatty acid
ester, amine and amide derivatives, alkylpolyglucosides, ethelene-
oxide/propyleneoxide copolymer, polyalcohol, ethoxylated polyalcohol, thiol
(mercaptan) and derivatives thereof, fatty acid ethoxylate, or a mixture thereof,
preferably tridekanolethoxylate.
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18. The binder composition according to any one of claims 1-17, wherein the
water soluble metal salt is water soluble metal(ll) salt.

19. The binder composition according to any one of claims 1-18, wherein the
water soluble metal salt is water soluble magnesium salt, copper salt, or a
mixture thereof.

20. The binder composition according to any one of claims 1-19, wherein the
water soluble metal salt is water soluble magnesium salt.

21. The binder composition according to claim 19 or 20, wherein the water
soluble magnesium salt is magnesium nitrate (Mg(NOs)2), preferably
magnesium nitrate hexahydrate (Mg(NO3)2:6H20).

22. The binder composition according to any one of claims 1-21, wherein
amount of the water soluble metal salt in the binder composition is from 10
wt.% to 70 wt.%, preferably from 20 wt.% to 60 wt.%, and more preferably
from 25 wt.% to 55 wt.% calculated as dry solids.

23. The binder composition according to any one of claims 1-22, wherein the
binder composition is in a form of an aqueous solution.

24. The binder composition according to any one of claims 1-23, wherein the
ore is selected from a group consisting of iron ore, taconite, magnetite, hema-
tite, limonite, goethite, siderite, franklinite, pyrite, chalcopyrite, chromite, ilmen-
ite, chrome, copper, nickel, zinc, lead, uranium, borium, phosphate rock, talc,
dolomite, limestone, potassium sulfate, potassium chloride, double sulfate of
potassium and magnesium, magnesium oxide, calcium phosphate, carbon
black, coal, coal fines, calcite, quartz, or any mixture thereof.

25. The binder composition according to any one of claims 1-24, wherein the
ore is iron ore.

26. An ore composition comprising the binder composition according to any
one of claims 1-25 and an ore selected from a group consisting of iron ore,
taconite, magnetite, hematite, limonite, goethite, siderite, franklinite, pyrite,
chalcopyrite, chromite, ilmenite, chrome, copper, nickel, zinc, lead, uranium,
borium, phosphate rock, talc, dolomite, limestone, potassium sulfate,
potassium chloride, double sulfate of potassium and magnesium, magnesium
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oxide, calcium phosphate, carbon black, coal, coal fines, calcite, quartz, or any
mixture thereof.

27. The ore composition according to claim 26, wherein the ore is iron ore.
28. A process for preparing ore agglomerates comprising

(i) adding the binder composition according to any one of claims 1-25 to
fine ore particles to form a mixture; and

(ii) forming the mixture into agglomerates.

29. The process according to claim 28, wherein the binder composition is
added in an amount of from 0.01 kg to 0.5 kg, preferably from 0.05 kg to 0.3
kg, more preferably from 0.1 kg to 0.2 kg per ton of the particulate ore.

30. The process according to claim 28 or 29, wherein the binder composition
is added as an aqueous solution.

31. The process according to any one of claims 28-30, wherein additionally
coal, coke, lime, dolomite, or any mixture thereof, preferably coal, is added to

step (i).
32. A sintering process comprising

(i) adding the binder composition according to any one of claims 1-25 to
fine ore particles to form a mixture;

(ii) forming the mixture into agglomerates; and

(iif) heating the agglomerates at a temperature from 1000 °C to 1400 °C
to obtain sinter.

33. The process according to claim 32, wherein the binder composition is
added in an amount of from 0.01 kg to 0.5 kg, preferably from 0.05 kg to 0.3
kg, more preferably from 0.1 kg to 0.2 kg per ton of the particulate ore.

34. The process according to claim 32 or 33, wherein the binder composition
is added as an aqueous solution.
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35. The process according to any one of claims 32-34, wherein additionally
coal, coke, lime, dolomite, or any mixture thereof, preferably coal, is added to

step (i).

36. Use of the binder composition according to any one of claims 1-25 as an
additive in agglomerating ores.

37. The use according to claim 36, wherein the binder composition is used in
an amount of from 0.01 kg to 0.5 kg, preferably from 0.05 kg to 0.3 kg, more
preferably from 0.1 kg to 0.2 kg per ton of the particulate ore.
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