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Abstract

Mauritanian iron ore powder (OM) has advantages of high iron grade, low aluminum content, and low loss on ignition,
which can be used as a new mineral to replace low alumina limonite that has been exhausted in Australia. However, it will
have a certain negative impact on sintering because of its high SiO, content. The mechanism of SiO, content affecting the
sintering behavior was first studied through FactSage 7.2. Then, the liquid fluidity, penetration, and high-temperature
performance of different iron ore powders were compared. Finally, the optimization of ore blending structure was studied
by the micro-sintering method and the sinter pot test. The results show that the increase in SiO, content can reduce the
assimilation temperature. The low penetration of OM can lead to an increase in the amount of liquid, and the high SiO,
content of OM increases the viscosity of the liquid phase. What is more, the increase in SiO, also increases the formation of
silicate and fayalite phase and inhibits the formation of silico-ferrite of calcium and aluminum (SFCA). To optimize ore
blending structure, OM and the low SiO, powder OD from Australia were used together, which improves the content of
SFCA by 2.04% and decreases the contents of calcium silicate and fayalite by 0.63% and 4.99%, respectively. The results
of the sinter pot test indicated that the properties of sinter have been improved.

Keywords Mauritanian iron ore powder - Liquid fluidity - Penetration - Mineral composition - Sintering -
Ore blending - Low alumina limonite

1 Introduction

quality iron ore powder in each major iron ore supply area
has decreased [1, 2]. Under this background, iron and steel
enterprises began to use low-grade iron ore powder to
adapt to the change in iron ore powder resources. The iron
ore powder from Mauritania has the advantages of high
iron grade and low aluminum content, which creates
favorable conditions for its usage in sintering process
[3, 4]. However, the high SiO, content may cause an
increase in viscosity of the bonding phase, which adversely
affects the liquid fluidity. At the same time, it will cause

With the rapid development of the global iron and steel
industry, a large number of high-quality iron ore resources
have been consumed like Yandi power, and the high-
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the increase in silicate and fayalite in the bonding phase,
resulting in the inferior mineral bonding phase [5].

The optimization of ore blending technology in sintering
is an effective method to improve the quality of sinter and
efficient utilization of high silicon ore. The main method of
ore blending optimization is based on the basic process
performance of iron ore at high temperature [6-8]. For
example, the assimilation and liquid fluidity of iron ore at
high temperatures are critical indicators to measure the
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sintering performance of ore. Some scholars evaluated the
flow characteristics of samples by changing the vertical
projection area of iron ore before and after sintering
[9-11]. Some scholars also evaluated the degree of reaction
between the original melt and iron ore by placing 15 wt.%
CaO and Fe,O; chemical reagent on the pressed iron ore
sheet [12—14]. These works are useful for understanding
the optimization of ore blending based on replacing Aus-
tralian low alumina limonite. On the other hand, the
composition of iron ore, like SiO,, one of the main com-
ponents of gangue, has an important influence on the sin-
tering process. Many researchers have studied the influence
of SiO, on sintering. For example, with the increase in
SiO, content, the bonding phase would produce more
unevenly distributed fayalite phases. And the content of
silico-ferrite of calcium and aluminum (SFCA) and liquid
phase in the bonding phase both decreased with the
increase in SiO, content of iron ore powder at sintering
temperature, while the content of silicate increased
[15—17]. Besides, the increase in SiO, content will inevi-
tably lead to an increase in CaO content under certain
basicity conditions in sintering process [18, 19]. Because of
excessive amounts of CaO in sinter, the decomposed CaO
at outer layer will exist in the form of “white” and be
absorbed by the sinter during the cooling process, which
affects the strength of the sinter. Su et al. [20] found that
with the increase in SiO, content, the liquid fluidity of the
bonding phase decreased, and the content of minerals such
as fayalite and calcium silicate increased. Yang et al. [21]
studied the high-temperature basic characteristics and
optimized ore blending of low silicon ore sintering
blending.

The above studies have explained the changes in
assimilation, liquid fluidity, and mineral composition of
sinter bonding phase after the increase in SiO, content, but
have not analyzed the mechanism of the changes. Zhai
et al. [22] analyzed the influence of chemical composition
on liquid fluidity and maximum penetration depth, espe-
cially for SiO, and Al,O5 contents, but the influence of
coarse ore on liquid fluidity and penetration was not con-
sidered. Due to the high SiO, content, low Al,O3 content,
and low loss on ignition (LOI) characteristics of Maurita-
nian iron ore powder (OM), the influence of OM on the
high-temperature performance during the sintering process
needs to be studied.

In this paper, firstly, the effect of SiO, on liquid fluidity
was studied by FactSage 7.2. Then, the high-temperature
characteristics of five kinds of mineral powders including
OM and Yandi powder were analyzed, especially the high-
temperature behavior changes of bonding phase after each
iron ore powder replaced Yandi powder one by one.
Finally, the optimized ore blending scheme with OM
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instead of Yandi power was investigated. Relevant research
can provide technical support for the optimization of ore
blending to reduce Yandi powder in industrial production.

2 Experimental
2.1 Materials

In this study, one kind of OM and four kinds of Australian
iron ore powders (OA-OD) are used as the main raw
materials. OM is magnetite from Mauritania, OB is Yandi
powder, OA and OC are limonite, and OD is hematite. The
OE and OF are hematite from Brazil, and OG was iron
concentrate from Canada. The chemical compositions of
each iron ore powder are shown in Table 1. In terms of
chemical composition, the SiO, content of OM is much
higher than that of the four Australian ore powders, but the
LOI of OM is the lowest. There is no significant difference
in SiO, content in four kinds of Australian iron ore pow-
ders, but the LOI of OC and OD is lower than that of the
other two kinds of Australian ore powders.

2.2 Methods
2.2.1 Flow test of liquid phase

Liquid fluidity refers to the flow capacity of iron ore
powder after the iron ore powder is turned into the liquid
phase at a high temperature. It reflects the ability of iron
ore powder to flow and bond surrounding materials in the
sintering process after the iron ore powder reacts with CaO
to generate a liquid phase [23]. According to the actual
production in a steel plant, the fraction of CaO in adhesive
powder is about 15 wt.%. Therefore, 1.0 g of fine mixed
ore powder with 15 wt.% CaO was taken and pressed into a
sample with a diameter of 8§ mm by a press machine. The
sample was placed on a platform for the sintering test using
a micro-sintering equipment. The sintering equipment and
heating system are shown in Fig. 1. The maximum tem-
perature in the insulation stage is set at 1300 °C. First, air is
inlet from room temperature to 600 °C. In order to protect
the reaction device and extend its service life, nitrogen is
injected to protect it when the reaction temperature rises to
600 °C in the test, and then, air will be injected again in the
cooling process when the reaction temperature is below
1300 °C.

Liquid fluidity refers to the relation between the vertical
projection area after sintering flow and the original vertical
projection area before sintering, as shown in Eq. (1).

LDF = (S; — $,)/5, (1)
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Table 1 Chemical compositions and major minerals of iron ores

Iron ore Chemical composition/wt.% Major mineral
TFe SiO, Al,O4 MgO LOI
OM 62.71 8.88 0.86 0.50 0.08 Magnetite and hematite
OA 58.34 4.55 1.49 0.10 10.21 Goethite and hematite
OB 56.56 6.39 1.74 0.11 10.76 Goethite and hematite
oC 57.95 5.67 2.58 0.09 7.34 Goethite and hematite
OD 61.85 4.67 2.55 0.13 342 Hematite
OE 65.13 1.63 1.35 0.05 3.29 Hematite
OF 63.19 7.38 0.67 0.14 1.07 Hematite
oG 66.26 4.47 0.27 0.19 0.11 Magnetite
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Fig. 1 High-temperature micro-sintering furnace (a) and heating system of micro-sintering test (b)

where LDF is the index of liquid fluidity; S, is the fluid
area after high-temperature experiment, mm?; and S, is the
original area before high-temperature experiment, mm?.

2.2.2 Penetration test of liquid phase

To clarify the difference in high-temperature reaction
property of the bonding phase to different kinds of coarse
particles, tests on the penetration of five kinds of iron ore
powders were carried out. Penetration refers to the ability of
coarse iron ore particles to react with the initial liquid phase
generated by adhesive powder, which is characterized by the
depth of penetration [22]. The pure reagents Fe,O; and CaO
were mixed in a molar ratio of 1:1, kept at 900 °C for 1 h in
an air atmosphere, then heated to 1200 °C for 8 h, and then
cooled to room temperature. 0.2 g SFCA powder was pres-
sed into small cake samples with a diameter of 8 mm. Coarse
particles of iron ore powder with a diameter of about
12.5 mm are washed, dried, and polished with sandpaper.

The pressed cake sample was placed on the surface of coarse
iron ore powder and sintered in a micro-sintering test device.
Sintering temperature rise system and atmospheric condition
are consistent with fluidity measurement. The sintered
samples were mounted in epoxy resin and then dissected
perpendicular to the interface. To obtain a smooth surface,
the samples were ground with abrasive papers and polished
with diamond pastes. The depth of high-temperature liquid
penetration was measured by image analysis software, and
the schematic of the liquid penetration test is shown in Fig. 2.

2.2.3 K value method

The “K value method” is a traditional semi-quantitative
analysis method of the physical phase. Its basic principle is
to add a reference substance (corundum) to the object to be
tested to form a new mixed phase that meets the reference
phase and measures the integral intensity of the strongest
peak of the two phases. According to Eq. (2), the mass
fraction of the phase to be measured in the new mixed
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Fig. 2 Schematic of liquid penetration test. d—Average depth of
liquid penetration; d, ..., d;—depth at some particular points

phase is calculated, and then, the mass fraction of the phase
to be measured in the original sample is obtained.
L g W 2
Iy Wh

where I, is the diffraction intensity of the strongest peak of
the phase to be measured; Iy, is the diffraction intensity of
the strongest peak of the reference phase; K is the strength
ratio between the pure phase to be measured and the ref-
erence phase, which is regarded as “reference strength”
and usually expressed as “I/IC” on PDF cards; W, is the
mass fraction of the phase to be measured in the new
mixture; and W, is the mass fraction of the reference phase
in the new mixture.

3 Results and discussion

3.1 Effect of SiO, on assimilation and liquid
fluidity

Since OM has a high SiO, content, a chemical reagent was
used to simulate actual iron ore powder to investigate the
effect of SiO, content on assimilation and liquid fluidity.
The chemical compositions of the adhesive powder are
shown in Table 2, and the results of assimilation and liquid
fluidity of the bonding phase at different SiO, contents are
shown in Fig. 3.

As can be seen from Fig. 3, the assimilation temperature
and liquid fluidity of the bonding phase both decrease to a
certain extent with the increase in SiO,, and the possible
reason is that the increase in SiO, content promoted the for-
mation of compounds with low melting points including
2Ca0-Si0,—Ca0-Fe,03—Ca0-2Fe, 05, leading to the drop of
the assimilation. To better understand the effect of SiO,
content on the liquid phase of the bonding phase, the “Equi-
lib” module in FactSage 7.2 was used for simulation and
calculation. In the bonding phase with Wre,0,:Wcao = 3:1,the
liquid phase changes in the SiO,—Fe,O3 system phase diagram
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with the increase in SiO, content, and the simulation results
are shown in Fig. 4. When the SiO, content increases from 4
wt.% (point A) to 6 wt.% (point B), the liquidus tends to
decrease, indicating that the temperature of complete melting
at point B is lower than that at point A. When the temperature is
reduced to 1300 °C, the composition of solid phase changes
from point A to point A’ and from point B to point B'.
According to the lever principle, the amount of liquid phase
generated at point B’ is higher than that generated at point A’.
The above results show that in a certain range, the increase in
SiO, will reduce the melting temperature of the bonding
phase, and the amount of liquid phase will increase. However,
the increase in SiO, leads to the decrease in basicity and the
increase in the viscosity of the liquid phase at the same time,
resulting in the decrease in the liquid fluidity of the bonding
phase.

With the increase in SiO, content, the basicity of the
bonding phase gradually decreases and the viscosity
gradually increases. The reasons are described as follows.
With the increase in SiO, content, Si** will form more
oxygen tetrahedrons (Si0447) and behave as a network
former in calcium ferrite. Thus, the movement of a large
number of ions including Si*" ions in the network is
restricted, which leads to an increase in the viscosity of the
bonding phase. The results have been confirmed by Saito
et al. [24] and Machida et al. [25].

2Ca0(s) + SiOx(s) — 2Ca0 - SiOx(s) (3)
2Ca0 - Fe;053(s) + SiO,(s) — 2Ca0 - SiO,(s) + Fe,05(s)
(4)
2(Ca0 - Fe;03) + Si0,(s) — 2Ca0 - SiOy(s) + 2Fe;05(s)
(5)

From the thermodynamic point of view, the Gibbs free
energy of reactions (3)—(5) is 133.6, — 76.95 and
— 62.01 kJ mol ™', respectively. With the increase in SiO,
content, the transition from the calcium ferrite phase to the
calcium silicate phase will be accelerated. The melting
temperature of calcium ferrite is higher than that of cal-
cium silicate; thus, excessive SiO, will also reduce the
basicity of the bonding phase, which has a certain inhibi-
tory effect on the formation of the liquid phase. In con-
clusion, it is necessary to maintain a proper SiO, content
during sintering process.

3.2 Comparison of liquid fluidity
and penetration of different iron ore
powders

The liquid fluidity and the assimilation of five kinds of iron
ore powders OM, OA, OB, OC and OD were tested. The
assimilation of iron ore powder refers to the ability of iron
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Table 2 Chemical compositions of adhesive powder

Scheme Chemical composition/wt.% R,
Fe304 F6203 5102 CaO Ale'; MgO PzOS Total

Si-1 4.76 91.82 1.06 0.33 1.74 0.15 0.14 100 0.313
Si-5 4.57 88.12 5.05 0.32 1.67 0.14 0.13 100 0.063
Si-8 4.43 85.38 8.00 0.31 1.62 0.14 0.13 100 0.039
Ry = Weao/Wre,0,

The order of assimilation temperature from high to low is
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Fig. 4 Change of liquid phase of different components in SiO,—Fe,05
system phase diagram

ore powder to react with CaO to form a liquid phase, which
is characterized by the lowest assimilation temperature.
Assimilation temperature and liquid fluidity of iron ore
powders are shown in Fig. 5.

As we can see from Fig. 5, the assimilation temperatures
of OM and OA are lower, and the assimilation temperature
of OA is lower than that of OM; the assimilation temper-
atures of OB and OD are roughly the same and higher than
that of OM; OC has the highest assimilation temperature.

OC > OB > OD > OM > OA. The assimilation tempera-
ture of Australian iron ore powder is generally higher,
while the assimilation temperature of OM is lower because
it contains a high SiO, content. When the SiO, content of
iron ore powder is high, the formation of low-melting point
compounds will be promoted in the process of sintering,
and the generation temperature of the liquid phase will be
reduced.

In terms of liquid fluidity, OM has better liquid fluidity,
which is higher than OB and OC, but lower than OA and
OD. The order of liquid fluidity from high to low is
OD > OA > OM > OB > OC. The liquid fluidity of OA
and OB of the two limonites is roughly the same, while that
of OC is much lower than that of the other four ores. The
reason is that the viscosity of the bonding phase of iron ore
powder increases significantly due to the high contents of
SiO, and Al,O3 in OC. The assimilation temperature of OC
was higher, and the liquid fluidity of OC was poor when the
heating temperature was the same. Although the SiO,
content of OM is high, it can still maintain good liquid
fluidity. On the one hand, the assimilation temperature of
OM is low. Although the increase in SiO, content increases
the liquid viscosity to a certain extent, the superheat of the
bonding phase increases and the liquid viscosity decreases
at the same sintering temperature, which makes the liquid

1230 3.0

—u— Assimilation temperature

—e— Liquid fluidit — 2.
1220 - q ¥ s

1210

o——0

415
1200 |- \

1190

Assimilation temperature/°C
Liquid fluidity

1180 : 1 L L L 0.0
OM OA OB ocC oD

Fig. 5 Comparison of liquid fluidity and assimilability of iron ore
powders
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fluidity enhance. On the other hand, the increase in SiO,
content will increase the production of liquid phase in the
high-temperature sintering process to a certain extent, so as
to improve the flow capacity of the bonding phase. High
fluidity means that the range of surrounding materials is
larger, which can improve the strength of the sinter
effectively [26-28].

Besides, the liquid fluidity of iron ore powder is also
closely related to the penetration of iron ore powder. In this
study, five kinds of iron ore powders were tested for liquid
penetration at high temperatures. The section morphology
of coarse iron ore powders after liquid penetration is shown
in Fig. 6. The horizontal lines in Fig. 6 show the upper
surface of the coarse particles, and the curves show the
boundary of liquid permeation [22, 26].

Figure 7 shows the depth of penetration and its rela-
tionship with LOI of each iron ore. As we can see, the
liquid penetration depth of limonite is significantly greater
than that of hematite, and the liquid penetration depth of
limonite OA is greater than that of OB. The penetration
depth of OM is smaller than that of Australian hematite
OD, and the penetration depth of OM is lower than that of
the other three Australian iron ore powders. The order of
liquid penetration depth from large to small is
OA > OB > OC > OD > OM.

With the increase in LOI, the depth of penetration
gradually increases. This is because the LOI is positively
correlated with the porosity. When the porosity of coarse
particles increases, the capillary effect of stomatal channels
is strengthened, so that more liquid phase penetrates into

coarse particles during sintering and increases the depth of
liquid penetration. Wu et al. [29] believed that when the
coarse particles of iron ore powder had strong liquid pen-
etration, the coarse particles would react with the primary
liquid phase to generate the second liquid phase in the
sintering reaction process, and the second liquid phase had
high viscosity, which made the granulating effect worse
and thus reduced the strength of sinter. This also explains
that although OM has a high SiO, content and the viscosity
of the liquid phase decreases to a certain extent, it has a
large amount of liquid phase under high temperature, and
the liquid phase is not easy to penetrate into the coarse
particles of iron ore powder; thus, there is a more effective
liquid phase, and OM has a strong liquid fluidity. There-
fore, the optimal ore blending scheme of OM with strong
penetration ore such as OC and OD can be considered to
weaken the negative effect of strong penetration ore pow-
der in the sintering process.

3.3 Comparison of high-temperature
performance with different iron ore powders
replacing OB

Based on the principle of improving the liquid fluidity of
adhesive powder and inhibiting the high-temperature liquid
penetration of coarse iron ore powder particles [30], the
influence of adding different iron ore powders on the
mineral composition of the bonding phase of mixed ore
was studied based on the existing ore blending structure of
an iron and steel enterprise. The influence of different iron

Fig. 6 Cross section morphology of iron ore powder coarse particles after liquid penetration
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ore powder ratios on mineral compositions was investi-
gated by using OM, OC, and OD instead of OB, respec-
tively. The ore blending structure of each scheme is shown
in Table 3, and its chemical composition is shown in
Table 4. The assimilation temperature and liquid fluidity of
the bonding phase are shown in Fig. 8.

Compared with the Base case, the liquid fluidity index
of scheme I and scheme III increased by 1.21 and 1.29,
respectively, and the fluctuation of assimilation tempera-
ture is small. In scheme II, the assimilation temperature
increased by 9 °C, and the liquid fluidity index decreased
by 0.6. It can be seen that the assimilation and liquid flu-
idity of scheme II became worse, while scheme I and
scheme III had little change in high-temperature properties.

X-ray diffraction (XRD) analysis was performed on the
test samples, and the “K-value method” [31] was used to
conduct semi-quantitative analysis on the XRD patterns.
The PDF card numbers of minerals formed in bonding
phase are shown in Table 5. The mineral compositions of
the test samples under different schemes were obtained, as
shown in Fig. 9 and Table 6. SFCA is a solid solution and
does not have a certain composition. The chemical com-
position of SFCA in this study is shown in Table 7.

It can be seen from Table 6 that for scheme 2, the
content of SFCA in the bonding phase decreased by 4.05%,
while the high-aluminum brittle minerals in the bonding

phase increased by 8.13%, which would reduce the strength
of the sinter; thus, the amount of OC should be reduced as
much as possible in the mixed ore. For scheme I, although
the content of high-aluminum brittle minerals in the
bonding phase decreased by 1.54%, the content of SFCA
also decreased by 5.67%, while the contents of calcium
silicate and fayalite increased by 2.44% and 0.06%,
respectively. As for scheme III, the content of SFCA in the
bonding phase increased by 1.31%, and the content of
silicate and fayalite was both lower than the Base case.
Based on the principle of complementary iron ore proper-
ties, OM and OD can be considered to replace OE together.
At the same time, we analyzed the mechanism of the
mineral compositions of the bonding phase via the change
of SiO, and Al,O; contents in the sinter. From the phase
diagram of the CaO-Fe,03-SiO, ternary system (Fig. 10),
we can also see that the mineral compositions of the
bonding phase are different from point A to point C in the
process with the increase in SiO, content. It can be seen
that with the continuous increase in SiO, content,
2Ca0-Si0O; (C,S) and Ca0-Si0O, (CS) began to precipitate
in the bonding phase, indicating that the increase in SiO,
content in the bonding phase does promote the generation
of silicate and decrease calcium ferrite content relatively.
To better understand the initial phase, we calculated the
phase composition at 1280 °C using the ‘balance’ module

Table 3 Ore blending structure of OB replaced by different iron ore powders (including miscellaneous auxiliary materials) (wt.%)

Scheme OB OM oC OD OA OE OF oG Auxiliary material Total

Base 19.00 0 15.00 0 28.00 15.00 5.00 10.00 8.00 100.00
I (OM replacing OB) 0 19.00 15.00 0 28.00 15.00 5.00 10.00 8.00 100.00
II (OC replacing OB) 0 0 34.00 0 28.00 15.00 5.00 10.00 8.00 100.00
III (OD replacing OB) 0 0 15.00 19.00 28.00 15.00 5.00 10.00 8.00 100.00
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Table 4 Chemical composition of fine powder of mixed ore (including miscellaneous auxiliary materials)
Scheme Chemical composition/wt.% R,
TFe SiO, CaO ALO; MgO
Base 60.10 4.68 0.30 1.55 0.13 0.063
I 61.29 5.16 0.35 1.38 0.20 0.068
I 60.37 4.54 0.30 1.71 0.13 0.066
I 61.12 435 0.30 1.71 0.13 0.069
1235 — 4.0 a-SFCA, b-Magnetite, c-High-aluminum brittle mineral
—#— Assimilation temperature d-Silicate, e-Hematite, -Fayalite
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Table 5 PDF card numbers of minerals formed in bonding phase

Mineral Formula PDF card
number
SFCA Ca(Fe; 4Aly6)Si0O¢  25-0143
Magnetite Fe;04 19-0629
High-aluminum brittle Ca;,Al14053 09-0413
mineral
Calcium silicate Ca3SirOy 22-0539
Hematite Fe,O5 33-0664
Fayalite (Mg,Fe),SiO4 31-0795

of FactSage 7.2. From the phase diagram of the CaO-
Al,053-Si0O, ternary system (Fig. 11), comparing the phase
composition of point A and point B, point A is pure quartz,
and point B also generates the anorthite and mullite phase
except with the tridymite phase. The change shows that in
the case of liquid containing SiO, content, these three
phases will generate aluminate once with the addition of
CaO and AlL,Oj; in the liquid phase. It can be seen from
Fig. 12 that when the contents of CaO and Al,Oj in the
liquid phase reach a certain amount, gehlenite phase will be
generated. And the compressive strength of gehlenite is
12,963 Pa, and the compressive strength of anorthite is

@ Springer

Fig. 9 XRD patterns of bonding phase under different schemes. 20—
Diffraction angle

12,346 Pa, both of which are high-aluminum brittle min-
erals. Therefore, when the content of Al,Oj3 in the bonding
phase increases, it will react with calcium to form brittle
minerals, leading to the decline of the bonding strength
[32-34].

3.4 Optimization of ore blending structure
adding with OM and OD

Because OC has a poor high-temperature property, while
OB and OD are complementary to each other in high-
temperature properties, the optimized ore blending
scheme that replaces OE with OB and OD together was
designed to investigate the change of high-temperature
properties of mixed ore. The optimized ore blending
scheme of blending is given in Table 8, and its chemical
compositions are listed in Table 9. The assimilation tem-
perature and liquid fluidity of the bonding phase are shown
in Fig. 12.

We can see from Fig. 12 that the assimilation temper-
ature of the optimized ore blending scheme III-1 is greatly
reduced and lower than that of the Base case, which indi-
cated that the assimilation of bonding phase is improved
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Table 6 Mineral composition of sintering under different ore blending schemes (wt.%)

Scheme SFCA Magnetite High-aluminum brittle mineral Calcium silicate Hematite Fayalite Total
Base 61.29 5.69 6.12 6.18 10.20 10.52 100.00
I 55.62 9.36 4.58 8.62 11.24 10.58 100.00
I 57.24 5.94 14.25 5.00 13.61 3.96 100.00
I 62.60 7.25 10.91 5.55 8.16 5.53 100.00
Table 7 Chemical composition of SFCA in this study (wt.%) 1235 —— 35
L —m— Assimilation temperature
Fe Si Al Ca /o) 1230 —e— Liquid fluidity 130
o 151 o—%
26.94 9.62 16.70 13.75 32.99 g 425
S omo| . /
5 1215 L N 420 ;‘E
jé 1210 |- o . 415 fé-
Ca0'Si0: S 12051 =
2 1200 |-
3Ca0-2Si0, <
405
1195 -
1190 L L L L 0.0

2Ca0Si0;

3Ca0'Si0,

Fig. 10 Part of phase diagram of CaO-Fe,03-SiO, ternary system
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Fig. 11 Phase diagram of CaO-Al,05-SiO, ternary system

after OE is replaced by OD and OE together. Because of
the addition of a large amount of OM that contains a high
SiO, content, the liquid fluidity of the bonding phase
decreases, and it is still higher than that of the Base case.

We also tested the bonding phase by XRD. The results
are shown in Fig. 13, and the mineral compositions of the
bonding phase are shown in Table 10. As we can see, the

Base 1 1 1I-1

Fig. 12 Assimilation temperature and liquid fluidity of optimized
bonding phase

content of SFCA in the bonding phase of scheme III-1
reaches 63.3%, the content of high-aluminum brittle min-
erals is higher than that of scheme I but lower than that of
the Base case, and the contents of calcium silicate and
fayalite are also lower than those of the Base case. It can be
seen that the way that replaced OE with OM and OD
improves the structure of the sinter indeed.

3.5 Sintering indexes of sinter pot test

According to the ore blending structure shown in Table §, a
certain proportion of ore return and flux (limestone,
quicklime, dolomite, and serpentine) were added to verify
the results through the sinter pot test, as shown in Table 11.

Through Table 11, we can find that scheme I has better
assimilation and liquid fluidity with the addition of OM,
but the granulating effect is poor in the process of sintering
because its particle size is too fine. It is characterized that
since the vertical sintering velocity (VSV) is too fast, the
liquid phase reduces in the sintering process, and the
bonding degrees between particles are insufficient; thus,
the yield and tumbler index (TI) of the sinter are lower than
those of the Base case. For scheme III-1, with the addition
of OM and OD, the VSV, yield, TI, solid fuel consumption
(SFC), and the productivity are improved. The OD has
larger particle size and better liquid fluidity ability, which
can better compensate for the poor granulation effect

@ Springer
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Table 8 Structure of optimized mixed ore (wt.%)
Scheme OB OM oC OD OA OE OF oG Auxiliary material ~ Total
Base 19.00 0 15.00 0 28.00 15.00 5.00 10.00 8.00 100.00
I 0 19.00 15.00 0 28.00 15.00 5.00 10.00 8.00 100.00
I 0 0 15.00 19.00 28.00 15.00 5.00 10.00 8.00 100.00
III-1 OM + OD replacing OB 0 10.00 15.00 9.00 28.00 15.00 5.00 10.00 8.00 100.00
Table 9 Chemical compositions of optimized mixed ore
Scheme Chemical composition/wt.% R,
TFe SiO, CaO AlLO; MgO
Base 60.10 4.68 0.30 1.55 0.13 0.063
I 61.29 5.16 0.35 1.38 0.20 0.068
I 61.12 4.35 0.30 1.71 0.13 0.069
1I-1 64.11 5.01 0.34 1.61 0.18 0.069
a-SFCA, b-Magnetite, c-High-aluminum brittle mineral caused by the fine-grained OM. Thus, the indexes of sinter
sy eate, e Hematite, FFayalite pot were improved obviously. Figure 14 shows the
2400} ;‘I‘ microstructure of the bonding phase.
2000 b :Ofa-'l a d caf As we can see from Fig. 14, in the bonding phase of the
A T UANG df s L
L — MM e oot b Base case, the main minerals are SFCA phase and mag-
, 2800 - netite phase, with a small number of silicates and pores.
EMN a Sel a . The silicate phase is embedded in the bonding phase, and it
3 200 b crall & qa €2 “ m X R . .
Z: tow f ! P is closely bonded with other minerals. In the bonding phase
§ 2w an S of scheme I, the amount of SFCA in the bonding phase
= 2400 [ f . . .
™ o0 b d Pfd“ d ¢ 4 i decreases, and the amount of silicate minerals increases
i A\ m\‘«v‘ i At el i o e . . . ..
1608 postpernste eV P w obviously due to the increase in the addition amount of
222 A OM. In the bonding phase of scheme III-1, a certain
am ¢ c(i !;‘iml 3 & Lt Base amount of OD is added based on OM. The main mineral in
IOOOIOWJW}I:" B Wﬁ?:' - -4 l'm%"mwo the bonding phase is the SFCA phase; not only does its
20) quantity increase obviously, but also it is in the form of

Fig. 13 X-ray diffraction patterns of bonding phase under different
optimized schemes

corrosion. In addition, magnetite and a small amount of

Table 10 Mineral composition of sinter under different optimized ore blending schemes (wt.%)

Scheme SFCA Magnetite High-aluminum brittle mineral Calcium silicate Hematite Fayalite Total

Base 61.29 5.69 6.12 6.18 10.20 10.52 100.00
I 55.62 9.36 4.58 8.62 11.24 10.58 100.00
I 62.60 7.25 1091 5.55 8.16 5.53 100.00
1I-1 63.33 8.88 5.72 6.06 9.63 6.38 100.00
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Table 11 Indexes of sinter pot test

Scheme VSV/(mm min~") Yield/% TI/% Productivity/(t m™> h™") SFEC/(kg t™")
Base 23.25 78.77 71.67 1.26 52.96
I 25.30 76.81 70.33 1.41 53.99
11 23.05 78.03 71.33 1.35 50.82
-1 23.72 80.12 72.17 1.39 50.62

Fig. 14 Microstructure of bonding phase. H—Hematite; M—magnetite; P—pore; S—silicate

silicate are embedded around the liquid phase, which is
conducive to the increase in sinter strength.

Based on the above research results, compared to the
Base case, the assimilation and liquid fluidity of the
bonding phase became better after OM and OD replaced
OB together. Since the content of SFCA increases and the
contents of silicate and fayalite decrease at the same time,
the strength and reducibility of the sinter are good. Thus,
Mauritanian iron ore powder OM can be used in the sin-
tering with the addition of OD, and the properties of the
sinter have been improved.

4 Conclusions

1. In terms of the influence of SiO, content on high-
temperature property and mineral formation of bond-
ing phase, the calculation results by FactSage 7.2 show
that the increase in SiO, content reduces the assimi-
lation temperature of the bonding phase, promotes the
formation of liquid phase, and increases the liquid
viscosity at the same time. On the other hand, the
increase in SiO, content reduces the amount of SFCA
in the bonding phase and promotes the formation of
silicate and fayalite.
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2. The high-temperature properties of iron ore powder
produced from different areas are different. The order
of liquid fluidity that is from high to low is
OD > OA > OM > OB > OC, and the liquid fluidity
of OM is higher than that of Yandi power OB because
of the lower assimilation and the lower penetration,
and while the order of penetration that is from high to
low is OA > OB > OC > OD > OM. The liquid
fluidity of OD is higher than that of OB, and there is
little difference between OD and OB in assimilation
temperature. The assimilation temperature of OC was
higher than that of OB, and the liquid fluidity of OC
was lower than that of OB.

3. Although the assimilation and liquid fluidity of OM are
good, a certain amount of silicate and fayalite are
formed, and the formation of SFCA in OD is good while
a certain amount of high-aluminum brittle minerals will
be formed at the same time. Based on the principle of
complementary performance, OM and OD were added
at the same time to replace OB. Compared to the Base
case, SFCA content of bonding phase increased by
2.04%, while calcium silicate content and fayalite
content decreased by 0.63% and 4.99%, respectively;
thus, the properties of sinter were improved.
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