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improvement of reducibility of iron ore pellets comprising the steps
of i) preparing a raw material mixture which contain metallic Ni
powder; ii) pelletizing the said mixture obtained; iii) burning the said
raw pellets and iv) reducing the said burnt pellets under reducing
conditions with presence of CH,,
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“Process for the improvement of reducibility of iron ore pellets”

This application claims priority from U.S. Patent Application No. 61/650,905, titled
“Process for the improvement of reducibility of ore pellets,” filed on May 23, 2012, and
which is incorporated herein by reference in its entirety.

FIELD OF INVENTION

The present invention refers to a process for the improvement of reducibility of ore
pellets from a catalytic effect generated by the addition of metallic Fe and/or Ni.

DESCRIPTION OF THE RELATED ART

Reducibility is a determining factor for the performance of metallic loads in
traditional processes of primary iron production (Blast Furnace and Direct Reduction).

Reducibility is highly sensitive to temperature increase and thus, it is an even more
important property for the direct reduction reactors, where the metallic load is reduced
while still in solid state. In the direct reduction reactors, the maximum temperatures
reached are lower than the melting temperature of iron and, therefore, lower than the ones
which exist in the blast furnace, where a liquid phase is formed.

Reducibility of iron ore pellets intended for these processes depend basically on the
characteristics of the iron oxide grain and the slag phase and intergranular porosity of the
pellet. The intrinsic characteristics of the ores and additives, as well as chemical
composition and burning conditions of the pellets are important factors for the physical and
metallurgical qualities of this agglomerate.

By observing the pellets after basket tests in direct reduction reactors, it was noted that
the pellets in contact with the material of the basket (stainless steel) presented an increased
degree of reduction, thereby suggesting a catalytic effect of metallic Fe and/or Ni on
reducibility.

In the literature, most of the studies related to the effect of additions on the reducibility of

iron ore agglomerates refer to the use of calcium and magnesium oxide and there is very little
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information regarding the use of other materials to accelerate the reduction.

Khalafalla and Weston [1] studied the effect of alkaline metals and alkaline earth
metals on FeO reduction in a CO atmosphere at the temperature of 1000°C, and they noted
that small concentrations of these metals, approximately 0.7%, improved the reducibility of
the FeO due to disturbances generated in the crystalline reticulate by interstitial ions with
high atomic rays regarding Fe. Reducibility ratio with the quantity of additive was not
linear, but it increased up to the maximum and then decreased. The maximum point
depended on the nature and physical and chemical properties of the additive and the effect
of those additions on the reducibility was directly proportional to the atomic ray and
electrical load of the additive. The Ni atomic ray has the same magnitude as the Fe and,
therefore, if any effect occurs, it should not be due to this mechanism of substitution.

Chinje and Juetfes [2] evaluated the effect of trivalent metallic oxides, more specifically
of Cr and Al, in the reduction of pure iron oxide, in an atmosphere with 18%C0/82%CO2 at
960°C, and concluded that Cr has a positive effect on the reduction of Fe oxide with additions
varying from 1.6 to 5% and that this effect increases as their concentration increases. The
hypothesis formulated to explain this effect is that Cr acts as a catalyst of the CO absorption
process in the surface of the oxide, which is a characteristic of transition metals such as Ni.

El-Geassy et al. [3] investigated the effect of NiO doping, varying from 1 to 10%, on
the kinetics and reduction mechanisms of pure iron oxides in H, atmosphere and
temperatures between 900 and 1100°C and noted a positive and significant effect of that
addition on the reduction. The reducibility increased in the initial and final stages of the
process throughout the temperature range and this increase has been imputed to the
formation of a nickel ferrite (NiFe;04) and the increase of porosity of th_e sintered material.

SUMMARY OF THE INVENTION

In light of the above described results observed, the present invention describes an

advantageous and effective process for the improvement of reducibility of ore pellets from
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an effect generated by the addition of metallic Fe and/or Ni.

More specifically, the present invention describes an advantageous and effective
process for the improvement of reducibility of ore pellets comprising the following steps:

a) * Preparing the raw material mixture, wherein the said mixture comprises:

i. The iron ore powder of any kind;
il. Adding 0,4 to 0,7% of bentonite per total mass of the mixture;
iii. Adding 1,00 a 5,00% of limestone per total mass of the mixture;
iv. "Adding 0,025 a 0,100% of Ni per total mass of the mixture from
any source;
v. Adding 0,025 a 0,100% of Fe per total mass of the mixture;

b) Pelletizing the mixture obtained at the end of step a) in a pelleting disk with
addition of water and drying s;

c) Burning the raw pellet obtained from the step a) in a furnace under a
oxidizing and temperature within the range of 1000°C to 1400°C;

d) Reducing the burnt pellets obtained from the step c¢) under reducing .
conditions with presence of CHy.

A first aspect of the present invention refers to a significant positive effect of the
metallic Ni content on the degree of metallization of the peliets reduced.

A second aspect of the present invention concerns to the fact that the addition of metallic
Fe alone did not provide a significant effect on the degree of metallization of the pellets.

A third aspect of the present invention relates to the fact that the concomitant addition
of metallic Fe and Ni has shown an additively property, the effect of the degree of
metallization of pellets being the approximate average of the effects of individual elements.

Additional advantages and novel features of these aspects of the invention will be set forth
in part in the description that follows, and in part will become more apparent to those skilled in

the art upon examination of the following or upon learning by practice of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

Various example aspects of the systems and methods will be described in detail, with
reference to the following Figures but not limited to, wherein:

FIG. 1 is a graph illustrating the profiles of burning temperature, total output gas
temperature and Dp of burnings of the Ni and Ni and Fe mixtures in the softening and
melting furnace.

FIG. 2 is a chart regarding the effect of metallic %Fe and %Ni and interaction thereof.

FIG. 3 is a chart illustrating the effect of the addition of Ni on the GM of iron ore pellets

DETAILED DESCRIPTION OF THE INVENTION

The following detailed description does not intend to, in any way, limit the scope,
applicability or configuration of the invention. More exactly, the following description
provides the necessary understanding for implementing the exemplary modalities. When
using the teachings provided herein, those skilled in the art will recognize suitable
alternatives that can be used, without extrapolating the scope of the present invention.

According to the present invention it is described an advantageous and effective
process for the improvement of reducibility of iron ores. More specifically, the said ore
pellets consist in a mixture of raw materials which include ore iron, calcite limestone,
betonite and metallic Ni and Fe powders, whose base chemical compositions are shown in

Table 1 below.

Compounds (%)
Ore Fe | SiO, | ALO, | MgO | CaO | TiO, | Na,O | K,O | Mn | P Ni_ | PF
lronore | 6612197 {061 |003 |001 |004 |- - 0.13 {004 |- 134
Bentonite | 5.41 | 60.71 | 14.80 | 0.024 | 1.181 [ 2.44 | 1.92 | 0.676 | 0.024 | 0.024 | - 6.599
Calcite 1 55 | 166 [051 |02 |533 |- ; . - - 42.26
limestone »
Met. Ni |09 |- . ; - - ; - ; - 99.81 | -
powder.
Met. ~ Fe 9991|000 |- ; - - ; ; ; - ; ;
powder.

Table 1: Raw material chemical composition (%).
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Furthermore, the size fraction of the said materials which is lower than 0.044 mm is

shown in Table 2 below.

Iron Ore Bentonite | calcite limestone | Met. Ni powder | Met. Fe powder.
85 t0 95% | 70 to 90% | 70 to 90% 85 to 95% 85 to 95%

Table 2: % < 0,044 mm of raw materials.
In a preferred embodiment of the present invention, the percentage of iron ore which
has the size fraction lower than 0.044 mm is 91,2 %.
In another preferred embodiment of the present invention, the percentage of bentonite
which has the size fraction lower than 0.044 mm is 74,4 %.
In another preferred embodiment of the present invention, the percentage of calcite
limestone which has the size fraction lower than 0.044 mm is 75,8 %.
In another preferred embodiment of the present invention, the percentage of metallic
Ni powder which has the size fraction lower than 0.044 mm is 91,0 %.
In another preferred embodiment of the present invention, the percentage of metallic
Fe powder which has the size fraction lower than 0.044 mm is 91,0 %.
The present invention describes an advantageous and effective process for the
improvement of reducibility of iron ore pellets comprising the following stéps:
a) Preparing the raw material mixture, wherein the said mixture comprises:
i. The iron ore powder of any kind;
ii. Adding 0,4 to 0,7% of bentonite per total mass of the mixture;
iii. Adding 1,00 a 5,00% of limestone per total mass of the mixture;
iv. Adding 0,025 a 0,100% of Ni per total mass of the mixture from any
source;
v. Adding 0,025 a 0,100% of Fe per total mass of the mixture.
b) Pelletizing the mixture obtained at the end of step a) in a pelleting disk with
addition of water and kiln-drying at 1100°C for 2hs;

c) Burning the raw pellets obtained from the step b) are burned in a vertical
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furnace RUL under a temperature within the range of 1000°C to 1400°C.;

d) Reducing the burnt pellets obtained from the step c¢) under ISO11257 test
conditions.

In a first preferred embodiment, the final composition of the raw material mixture

comprises the following:

Mixture (%)
Ore 96.47
Bentonite 0.50
- E Ni powder 0.00
=
= E Fe powder 0.10
= Fe, 66.52
2
2 SiO, 2.31
o
g
51 ALO; 0.70
i
s Ca0 1.62
%]
=
- MgO 0.05
=2
2
& P 0.04
£
2 Ni 0.00
-
s
g Ca0/Si0, 0.70
=| Ox. Bas./Ox.Aci. | 0.72

In a second preferred embodiment of the present invention, the dried raw pellets
obtained at the end of the step b) have the size ranges from 5 to 18 mm. More preferably,
the dried raw pellets obtained at the end of the step b) have the size from10 to 12,5 mm.

In a third preferred embodiment, the raw pellets obtained from the step b) in a vertical
furnace RUL under a temperature within the range of 1000°C to 1400°C. More preferably,
the raw pellets obtained from the step b) are burned in a vertical furnace RUL under a

temperature within the range of 1000 to 1100°C.
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The reducing step d) consists in submit the burnt pellets obtained from the step ¢) to

[SO11257 pattern reducing conditions, as follows:

STANDARD

Reduction pipe

Internal pipe

Heating/Stab. Gas

Temperature (C)

Gaseous mixture composition (%)

Total Flow (L/min)

TEST CONDITIONS

Cooling Gas

ISO11257
Horizontal
200 x 130
N2
760 + 10
H2 | 55%
CO | 38%
CO2 | 5%
CH4 | 4%
H2 | 0%
13
N2

One of the advantages of the present invention consist that adding metallic Ni powder

in order to improve the reducibility of the iron ore.
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CLAIMS
1. Process for the improvement of reducibility of iron ore pellets comprising the
following steps:
a) Preparing the raw material mixture, wherein the said mixture comprises:
5 i. The iron ore péwder of any kind;
ii. Adding 0,4 to 0,7% of bentonite per total mass of the mixture;
iii. Adding 1,00 a 5,00% of limestone per total mass of the mixture;
iv. Adding 0,025 a 0,100% of Ni per total mass of the mixture from any source;
v. Adding 0,025 a 0,100% of Fe per total mass of the mixture.
10 b) Pelletizing the mixture obtained at the end of step a) in a pelleting disk with
addition of water and drying;
c) Burning the raw pellets obtained from the step b) in a furnace under
oxidizing condition and temperature within the range of 1000°C to 1400°C.
d) Reducing the burnt pellets obtained from the step c) under reducing
15  conditions with presence of CHj.
2. Process, according to the claim [, wherein the final composition of the raw

material mixture comprises the following:

Mixture (%)

Ore 96.47

@ Bentonite 0.50

%“: ‘E Ni powder 0.00
A E Fe powder 0.10
5 Fet 66.52
H Si0, 2.31
_ = ALO; 0.70
= E CaO 1.62
2 é- MgO 0.05
< S P 0.04
38 Ni 0.00
£ Ca0/SiO, 0.70
Sk Ox. Bas./Ox.Aci. | 0.72
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3. Process, according to claims 1 to 3 wherein the raw pellets obtained from the step
b) are burned in a vertical furnace RUL under a temperature within the range of 1000 to

1100°C.
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