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Abstract: In this study, iron concentrate and blast furnace
dust were used as raw materials, and graphite was used as
a reducing agent for mixing and briquetting. The bri-
quettes were roasted in a high-temperature tube furnace
at different temperatures and held for a certain time to
simulate the pre-reduction sintering process. The effects
of dust content, reduction time, and reduction temperature
on the removal rate of zinc, potassium, and sodium and the
metallization rate of the pre-reduction sintered products
were investigated. The reduced briquettes were character-
ized by X-ray diffraction, scanning electron microscopy-
energy dispersive spectroscopy, and flame atomic absorption
spectroscopy to further explore the mechanisms of zinc,
potassium, and sodium removal. The Zn removal rate and
metallization rate increased gradually with the increase in
dust content, reaching 97.57% and 87.14% at 30% dust con-
tent, respectively. Both K and Na removal rates reached a
maximum of 83.57% and 94.78%, respectively, at 25% dust
content. With the increase in reduction time and tempera-
ture, the removal rate of the three elements and the metalli-
zation rate gradually increased. When the briquettes with
20% blast furnace (BF) dust content were reduced at 1,200°C
for 20 min, the removal rates of zinc, potassium, and sodium
reached 95.66%, 79.97%, and 91.49%, respectively, and the
metallization rate reached 84.77%. It shows that the pre-
reduction sintering process can effectively remove Zn, K,
and Na from the BF dust and meet the requirements of sub-
sequent BF production. The research results can provide
some theoretical basis for industrial production.
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1 Introduction

In recent years, with the rapid development of the steel
industry, steel production has been increasing, but it is
accompanied by the generation of a large amount of solid
waste such as metallurgical dust, which is about 9-12% of
crude steel production [1]. In 2021, China’s crude steel
output reached 1.03 billion tons, while metallurgical dust
output reached 92.7-123.6 million tons. Metallurgical dust
is not only rich in Fe and C elements, but also contains a
large amount of Zn, K, Na, and other harmful elements
[2-5]. So far, only a small amount of metallurgical dust
has been effectively utilized every year [6], most of which
is still accumulated in steel plants or in landfills, causing
waste of resources and serious environmental pollution.
According to previous research, there are two main
methods to recycle metallurgical dust, such as blast fur-
nace (BF) dust, the pyrometallurgical process and the
hydrometallurgical process. In the process of hydrometal-
lurgy, acid leaching, alkali leaching, and ammonia leaching
are usually used. However, the iron extraction efficiency of
hydrometallurgical processes is low, and the removal rate
of Zn and alkali metals (K and Na) is also low, usually no
more than 85%. In addition, hydrometallurgical processes
can produce wastewater when treating metallurgical dust
[7-9]. So far, pyrometallurgical technologies such as rotary
hearth furnace, rotary kiln, and direct reduction have been
proven to be effective methods for recovering and treating
BF dust [10-20], but with high investment and operating
costs, high energy consumption, and the need for sec-
ondary treatment of metallurgical dust. In addition to the
above methods, BF dust is also commonly used as a raw
material for sintering. However, the conventional sintering
process is less effective in dezincification and dealkaliza-
tion, and Zn, K, and Na in the raw material are cyclically
enriched in this process. It will not only affect the quality
and output of sinter, but also damage the lining of the BF,
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resulting in suspension, nodules, high energy consump-
tion, and other consequences [21-25], which will adversely
affect the normal operation of the blast furnace. Therefore,
the search for a method that can directly utilize BF dust ash
and simultaneously remove Zn, K, and Na has become an
urgent problem [26,27].

Pre-reduction sintering is a production process in
which partial reduction of iron ore occurs during the sin-
tering process. It can transfer the partially reduced iron
ore to the sintering process, which is helpful to reduce the
reduction load of the BF and reduce the overall energy
consumption [28]. JFE in Japan developed the pre-reduc-
tion sintering technology [29-32], which mainly added part
of the iron reduction in the sintering process to save the
use of BF coke and thus reduce the production of CO,. Sato
et al. [33] found that the energy consumption in the sin-
tering process increases with the increase in reduction
degree, but the energy consumption of the whole BF
decreases, which is conducive to energy savings. Hu et al.
[34] studied the quality index of sintered minerals and the
removal rate of harmful elements by simulating the pro-
duction conditions of refractory dust and normal sintered
raw materials for reasonable ore allocation and pre-reduc-
tion sintering. The results show that the pre-reduction sin-
tering method can realize the efficient separation and
enrichment of harmful elements in the dust of steel mills,
obtain the ideal pre-reduction sinter, and rationally use the
resources. Zhu et al. [4] put forward the blast pre-reduction
sintering method, and studied the migration and distribu-
tion mechanisms of Zn, Pb, and As along the vertical direc-
tion of the sinter layer and the change in zoning in the
sinter layer. The results show that the pre-reduced sinter
with low zinc, lead, and arsenic content can be produced
by the pre-reduced sintering process. In conclusion, the
pre-reduction sintering method can not only reduce energy
consumption, but also remove harmful elements such as
zinc from BF dust. Although past studies have confirmed
the practical feasibility of this technology, the pre-reduc-
tion sintering process is still in the experimental stage. In
the aspect of engineering application, some key technolo-
gies need further exploration and research.

Table 1: Chemical compositions of the raw materials (wt%)
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This research is based on pre-reduction sintering theory.
With BF dust and iron concentrate as raw materials and
graphite powder as the reducing agent, the simulated pre-
reduction sintering experiments were carried out in a high
temperature tube furnace. The contents of iron, zinc, potas-
sium, and sodium in the products were determined by che-
mical analysis and flame atomic absorption spectrometry
(FAAS). The effects of BF dust content, reduction time, and
temperature on the removal rate of zinc, potassium, and
sodium and the metallization rate of pre-reduction sintered
products were studied. Then, the phase composition and
microstructure of the pre-reduction sintered products were
characterized by X-ray diffraction (XRD) and scanning elec-
tron microscope-energy dispersive spectroscopy (SEM-EDS).
The phase transition and distribution of Fe, Zn, K, and Na
in the pre-reduction sintering process were analyzed, and the
removal mechanism of zinc and alkali by pre-reduction sin-
tering was expounded, which provided a theoretical basis for
further industrial application. A large amount of BF dust was
utilized while exploring the new process of pre-reduction
sintering, which is a guide for the subsequent research.

2 Experimental method

2.1 Raw materials

The iron-containing raw materials used in this study include
BF dust and three kinds of iron ore powder, which are
collected from a steel mill in China. ZC and GHL are two
self-produced iron concentrates from that steel plant. NM is
an imported iron concentrate. Their chemical compositions
are listed in Table 1. In the experiment, quicklime and lime-
stone were used as flux, and chemical pure graphite powder
was used as a reducing agent. As shown in Table 1, the three
iron ore powders are iron concentrates with a high iron
grade and are valuable iron-containing resources. The low
grade of iron and high Zn, K, and Na content of BF dust limit
its ability to be recycled through traditional steel production

Item TFe Cao Sio, Al,03 K,0 Na,O0 Zn0 Mgo C

BF dust 28.12 5.47 9.41 3.26 418 0.56 712 177 22.95

Iron concentrate ZC 52.90 2.27 8.12 118 0.34 0.04 0.05 3.20 —
NM 61.28 0.17 5.27 2.69 0.02 <0.01 0.01 0.26 —
GHL 62.16 0.95 6.93 1.02 0.17 — 0.02 1.86 —
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processes. Figure 1a—d shows the XRD patterns of four iron-
containing raw materials. As shown in Figure 1, Fe in ZC is
mainly in the form of magnetite (Fe;0,) and a small amount
in the form of rhodochrosite (FeCO3), and Fe in NM and GHL
is mainly in the form of hematite (Fe,03). The iron-bearing
phase of BF dust is composed of hematite (Fe,03) and a small
amount of magnetite (Fe30,4), Zn mainly exists in the form of
zinc ferrite (ZnFe,04) and sphalerite (ZnS), while K and Na
mainly exist in the form of potassium chloride (KCD) and
sodium chloride (NaCl), and C is also detected. Figure 2
shows the SEM-EDS image of BF dust, which can also verify
the results of the previous analysis.

2.2 Experimental methods

After drying for 2h at 105°C to completely remove free
water, all raw materials were completely mixed in accor-
dance with the calculated ratio in Table 2 under the

Removal of harmful elements by pre-reduction sintering =—— 3

premise that the fixed C/O molar ratio was 1.0 to ensure
the complete reduction of iron-containing oxides to iron.
In the mixing process, the content of BF dust was changed
(10%, 15%, 20%, 25%, and 30%) to study its influence on
the removal of Zn, K, and Na in the pre-reduction sintering
process, while the other mineral powder proportions
were kept constant. After complete mixing, 1% of sodium
carboxymethylcellulose [C¢HyO5(CH,COONa)],, was added
to the mixture as binder, stirred evenly, and put into
the manual hydraulic molding machine for briquetting
under 20 MPa pressure for 3 min. Each briquette weighs
about 3g and measures 25mm x 25mm x 5mm. Due to
the small amount of binder, the effect on reduction is
negligible.

The prepared briquettes were placed in a corundum
porcelain boat and then put into a high temperature
tube furnace in a nitrogen atmosphere for a simulated
pre-reduction sintering experiment. The briquettes with dif-
ferent BF dust contents were heated from room tempera-
ture to the set reduction temperature and held for a certain

{a)

¢-Te, 0,
»-5i0),

o MgCO,
n-FcCO,

Intensity / a.u.

{b)

v—le,0,
& S0,
V-FeO(OH)

Intensity ¢ a.u.

8O

90)

90

v-Te,0,
=8I0,

viau.

Intensity

* Si0,
-1, 0
v-Fe,0,
a—-K{()

* /nle,0,
m-MgSi0,
¥-ZnS
r—C

<

Inensity (z.u.)

Figure 1: XRD spectrograms of the raw materials: (a-c) iron concentrate and (d) BF dust.
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Figure 2: SEM-EDS images of BF dust.

Table 2: Raw material ratios of pre-reduction sintering experiments (wt%)
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100pum

I(DOEm ]

100um | § N 100um

BF dust content (%) ZC GHL NM BF dust Quicklime Limestone (o

10 45.48 12.58 5.39 8.99 4.49 12.94 10.12
15 42.01 12.61 5.40 13.51 4.50 12.03 9.94
20 37.69 12.65 5.42 18.07 4,52 12.01 9.63
25 33.35 12.70 5.44 22.67 4.53 12.00 9.31

30 28.97 12.74 5.46 27.30 4,55 11.98 8.99

Note: The data in the table are normalized.

time. The reduction temperature (1,100°C, 1,150°C, 1,200°C,
1,250°C, and 1,300°C) and reduction time (0, 5, 10, 20, and
30 min) were, respectively, changed under the condition of
20% BF dust content. Once the reaction reaches the specified
temperature and holding time, the porcelain boat is quickly
removed, and the briquettes are covered with graphite
powder to isolate the air and prevent secondary oxidation.
The temperature rise curve of the pre-reduction sintering
experiment is shown in Figure 3.

After the samples were cooled to room temperature,
the content of metallic iron was determined by the ferric
chloride-sodium acetate titration method (GB/T 6730.6-2016),
and the content of Zn, K, and Na was determined by FAAS.
The samples should be dissolved before the determina-
tion by FAAS as follows: accurately weigh 0.5000 g of the
ground and dried sample into a 150 mL polytetrafluor-
oethylene beaker and wet it with a small amount of dis-
tilled water. Add 10 mL of hydrochloric acid (HCI) to heat
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Figure 3: The temperature curve of pre-reduction sintering.

it for dissolution. After slightly cooling, add 5mL of
hydrofluoric acid, perchloric acid, and nitric acid,
respectively. Cover the watch glass, heat it at a low tem-
perature, and shake the beaker from time to time until
the reaction stops. Remove the watch glass, raise the
temperature, evaporate until white smoke comes out,
take it down and cool it slightly, add 10 mL (1 + 1) HC]
and 10 mL of distilled water to heat it to a slight boil and
keep it for 2min to dissolve the salt, transfer it to a
100 mL plastic volumetric flask, dilute it with water to
the scale, and shake it evenly. When the ion concentra-
tion to be measured is high, it needs to be diluted before
measurement.

FAAS are from Shimadzu Hong Kong Limited, and the
equipment model is AA-6800. XRD analysis was conducted
using a D8 Advance Diffractometer (Bruker, Billerica, MA,
USA), with Cu Ka used as the radiation source (40KkV,
400 mA), the speed of scanning was 1°>min ", and at the range
of 20-90° (26). An SU8010 field-emission scanning electron
microscope (VEGA 3 XMU/XMH, Tescan, Czech Republic)
was used for SEM imaging and EDX of pre-reduction sintered
products, and the accelerating voltage was set to 15kV.

The removal rate (§) of Zn, K, and Na in the pre-
reduced sintered products can be calculated by the fol-
lowing expression:

&= [1 - M ] x 100% @
Mio
where M,y and M; represent the total mass of each element
in the initial briquettes and pre-reduction sintering pro-
ducts (%), respectively.
The metallization rate () of pre-reduction sintered
products can be defined as follows:

Removal of harmful elements by pre-reduction sintering = 5

M,
—L % 100% )

=g,

where M. and T, refer to the mass fractions of metallic iron
and total iron, respectively, in the pre-reduced sinter (%).

3 Results and discussion

3.1 Effect of BF dust content on pre-
reduction sintering of briquettes

The effects of BF dust content on the Zn, K, and Na removal
rates and metallization rate of the briquettes are shown in
Figure 4. It can be seen that the Zn removal rate and
metallization rate increase with the increase in dust con-
tent. Regardless of the dust content, the Zn removal rate
always remained above 90%, and the metallization rate
remained above 80%, which were both high levels. Both
of them reached 97.57% and 87.14% at 30% dust ash con-
tent, respectively. On the contrary, the K and Na removal
rates showed a trend of increasing and then decreasing
with the increase in dust content, but the overall trend
was increasing. The removal rate of both elements reached
a high level at 25% of dust content, 83.57% and 94.78%,
respectively.

The increase in BF dust content means an increase in
harmful elements in raw materials. The increase in zinc
content will lead to more zinc oxides in contact with the
reducing agent, and more and more Zn will be reduced
and volatilized, so the Zn removal rate will increase. The
removal rate of K and Na increases with the increase in K
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Figure 4: Effect of BF dust content on the removal rate and metallization
rate of pre-reduction sintered products.
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and Na content, which may be due to the fact that the main
form of K and Na in BF dust is unstable chloride, which is
easy to remove by heat at high temperatures. The reduc-
tion of iron oxides has little relation to the reduction of
zinc oxides and the volatilization of KCI and NacCl, so the
metallization rate is not much affected by the dust content.

3.2 Effect of temperature on pre-reduction
sintering of briquettes

The effects of reduction temperature on the Zn, K, and Na
removal rates and metallization rate of the briquettes with
20% BF dust content are shown in Figure 5. During the pre-
reduction sintering process, the Zn removal rate increased
slowly with the increase in temperature. and remained
above 90% regardless of the temperature. When the tem-
perature was increased from 1,100°C to 1,300°C, the Zn
removal rate increased from 90.29% to 97.97%. In contrast,
the K and Na removal rates were lower at 1,100°C, both less
than 70%. As the temperature increased to 1,250°C, the K and
Na removal rates increased significantly, with the K removal
rate reaching over 85% and the Na removal rate reaching
over 90%. When the temperature was increased to 1,300°C,
the K and Na removal rates reached a high level of 93.76%
and 94.97%, respectively. The metallization rate also increased
from 75.98% to 89.47% during the process of increasing the
reduction temperature from 1,100°C to 1,300°C, which could
meet the requirements of subsequent BF production. It can be
seen that the reduction temperature has a great influence on
the metallization of agglomerates and Zn, K, and Na removal.
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Figure 5: Effect of temperature on removal rate and metallization rate of
pre-reduction sintered products.
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Figure 6 shows the XRD pattern of the pre-reduction
sintered product with reduction temperature. As can be
seen from Figure 6, as reduction temperature increases,
the peaks of metallic iron become higher and higher, the
content of metallic iron increases, and the peaks of ZnFe,0,4
and KCl and NaCl become lower and even disappear. Figure 7
shows the SEM images and EDS maps of the pre-reduction
sintered products at different reduction temperatures. As
can be seen from Figure 7, with the increase in reduction
temperature, the iron particles become larger and larger,
and the pre-reduction sintered products become denser
and denser. At the same time, the harmful elements Zn, K,
and Na are becoming less and less prevalent and are gra-
dually removed with the increase in temperature. The
results of XRD and SEM are consistent with the above ana-
lysis. The metallization rate and the removal rate of harmful
elements from pre-reduced sinter increase with the increase
in reduction temperature.

Temperature has a great influence on the rate of gas
diffusion, and there are pores in the briquettes themselves.
Therefore, increasing temperature within a certain range
has a positive influence on the reduction of briquettes.
When the reduction time is certain, with the increase in
the reduction temperature, the activity of materials parti-
cipating in the reduction reaction and the molecular move-
ment between the reaction gases are enhanced, and the
iron-containing oxides and zinc-containing oxides in the
briquettes will have a violent reduction reaction with
solid carbon particles, and the metallization rate and
zinc removal rate can be rapidly increased [18-20]. How-
ever, if the temperature continues to rise, the metal iron
from the reduction of part of the magnetite in the surface

*—Fe V—Fe;0, A—FeO @—Fe¢,0O; v—NaCl a—KCl
0—ZnFe,0, #—CaFeSi)Of4
*
1300°C M L i *
e S A A oYX |
= l
< 1250°C : ‘
|
o [B0C oYea a4 v * B
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Figure 6: Effect of temperature on phase change of pre-reduction sin-
tered products.
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Figure 7: Effect of temperature on microstructure of pre-reduction sintered products.

layer of the mass may produce a relatively dense metal
shell covering the periphery of the unreduced mineral
powder, which hinders the diffusion of the reducing gas.
In addition, the reduced FeO in mineral powder is easy to
combine with SiO, to form low melting point liquid phase
ferriolivine (2Fe0-Si0,) [35], which is also easy to cause the
blockage of pores and cracks inside the mass, and also
hinder the diffusion of reducing gas, making it difficult to
further improve the metallization rate and zinc removal
rate. With the increase in temperature, the molecular
movement of KCl and NaCl will also become faster, and
more and more KCl and NaCl will be volatilized, so the
removal rate of K and Na will increase with the increase
in temperature.

3.3 Effect of time on pre-reduction sintering
of briquettes

The effects of reduction time on the Zn, K, and Na removal
rates and metallization rate of the briquettes with a dust
content of 20% are shown in Figure 8. It can be seen that
the reduction time has a great effect on pre-reduction
sintering, and both metallization rate and removal rate
increase with reduction time. The removal rates of three
elements increased from 81.90%, 65.52%, and 78.89% at
0 min to 96.77%, 88.23%, and 95.57% at 30 min, respectively.
The metallization rate remained above 80% and changed
little with the reduction time. The metallization rate

increased from 81.03% to 89.30% with the increase in
reduction time from 0-30 min.

Figure 9 shows the XRD patterns of the pre-reduction
sintered products with reduction time. As can be seen from
Figure 9, the peaks of metallic iron become higher and
higher as reduction time goes on, the content of metallic
iron becomes higher and higher, and the peaks of ZnFe,0,,
KCl, and NaCl become lower and even disappear. This is
because hematite and magnetite are reduced to metallic
iron, zinc ferrite is reduced to zinc vapor and then volati-
lized, and NaCl and KCl are also volatilized. Therefore, the

100 100
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Figure 8: Effect of reduction time on removal rate and metallization rate
of pre-reduction sintered products.
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Figure 9: Effect of time on phase change of pre-reduction sintered
products.

metallization rate and the removal rate of Zn, K, and Na
are increased. Figure 10 shows the SEM images and the EDS
maps of the pre-reduced sintered products at different
reduction times. As can be seen from Figure 10, with the
extension of reduction time, the iron oxides in the bri-
quettes are continuously reduced, the metal iron grains
increase and grow, and the fine iron grains aggregate to
form larger iron grains, increasing the metallization rate of
the briquettes. At the same time, Zn, K, and Na also
decreased gradually with the extension of reduction
time, and the removal rate of harmful elements gradually

DE GRUYTER

increased. XRD and SEM results can confirm the above ana-
lysis results.

Under the conditions of constant BF dust content,
reduction temperature, and other factors, prolonging the
reduction time in a reasonable range can make the redu-
cing agent fully contact the mixed ore powder, and make
the iron oxides, zinc oxides, and reducing agent fully react.
The longer the reduction time is, the more full the reduction
reaction will be; more iron and zinc will be reduced, and the
Zn removal rate and metallization rate will increase. At the
same time, prolonging the reduction time will make the KCl
and Nacl fully volatilized, and the removal rate of K and Na
will also increase. However, if the reduction time is further
extended, it may have little impact on the Zn, K, and Na
removal rate and metallization rate, and may even make
them show a downward trend. This may be because with
the extension of the reduction time, carbon is gradually
consumed, and the reducing atmosphere in the furnace is
weakened, so that the reduced iron and zinc are reoxidized.

3.4 Removal mechanism

The XRD pattern of BF dust shows that the main form of
zinc is zinc ferrite (ZnFe,0,). The decomposition of zinc
ferrite is as follows [36]:

ZnFe,04 — Zn0O + Fey05 &)

Figure 10: Effect of time on the microstructure of pre-reduction sintered products.
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In the process of pre-reduction sintering, the reduction
and volatilization of zinc mainly involve the following
reactions:

C(s) + COx(g) = 2€CO(g) 4

3ZnFe;04(s) + C(s) = 3Zn0O(s) + 2Fe304(s) + CO(g) (5)
3ZnFe,04(s) + CO(g) = 3ZnO(s) + 2Fe;04(s) + COx(g)  (6)
Zn0(s) + C(s) = Zn(g) + CO(g) (7

Zn0(s) + CO(g) = Zn(g) + COx(g) ®)

The decomposition of zinc ferrite is easier at high tem-
peratures. The reduction mechanism of decomposed zinc
ferrite is the same as that of zinc oxide (ZnO). In the pro-
cess of pre-reduction sintering, there are two forms of
reduction of metal oxides by solid carbon reducing agents.
One is a direct reduction between solid and solid through
solid carbon (C), and the other is an indirect reduction
between gas and solid through carbon monoxide (CO).
For the more stable metal oxides, direct reduction reac-
tions dominate, while for the less stable metal oxides,
indirect reduction reactions dominate. At the beginning
of the pre-reduction reaction, a large amount of carbon
monoxide has not been generated, so carbon is the main
reducing agent. The reduction reaction between metal
oxide and solid carbon is more favorable than the indirect
reduction reaction, and the direct reduction reaction Egs. 5
and 7 mainly occur. Zinc ferrite is first reduced to zinc
oxide and magnetite, while producing carbon monoxide.
With the pre-reduction reaction, carbon in the formed coal
is gradually consumed, and carbon monoxide is also pro-
duced by the Boudouard reaction (Eq. 4). In a reducing
atmosphere, the reduction of zinc ferrite is dominated by
Eq. 6. At the same time, Eq. 8 occurs, more zinc oxide is
reduced to zinc vapor, and then evaporation is achieved. In
addition to zinc ferrite, there is a small amount of ZnS in BF
dust. Some Zn may also be reduced by ZnS. The reduction
reactions that may be involved are as follows:

ZnS(s) + C(s) = Zn(g) + CS(g), AGY = 606,312 - 293.3T (9)

ZnS(s) + CO(g) = Zn(g) + COS(g), AG? = 297,
802 - 125.8T

(10)

The Eq. 9 is an indirect reduction reaction. When the
temperature is below 1,126.85°C, the COS in the gas phase is
almost 0, indicating that the reaction is not easy to carry
out. For the direct reduction, Eq. 10, the reaction tempera-
ture reaches 1,793.85°C in the standard state. Therefore,
under normal solid-state reduction, the direct reduction
of ZnS cannot be carried out. However, BF dust also con-
tains a certain amount of CaO, and the entire study was

Removal of harmful elements by pre-reduction sintering = 9

conducted under high alkalinity conditions, so there is also
the possibility that the following reactions may occur:

ZnS(s) + CaO(s) + CO(g) = Zn(g) + Cas(s)
+ COy(g), AG? = 205,191-124.5T

an

At higher temperatures, Eq. 11 occurs more readily
than Eqgs. 9 and 10, but under the same atmospheric con-
ditions, Eq. 8 has a lower reaction temperature than Eq. 11.
Eq. 8 proceeds preferentially over Eq. 11 [37]. This indicates
that most of the Zn is reduced by ZnFe,0, under the experi-
mental conditions of this study, while a small amount of Zn
may have been reduced by ZnS. Therefore, the removal of
zinc can be simply described as ZnFe;04(s) » ZnO(s) — Zn
(g) during the whole pre-reduction sintering process.

K and Na in the briquettes are in the form of chloride.
KCl should be completely volatilized at 1,000°C, but KCl will
react with SiO,, Al,05, and CaCOs at high temperatures [38].
Therefore, it is speculated that the minerals in iron con-
centrate and BF dust ash inhibit and delay the volatiliza-
tion of KCl, but most of the volatilization of KCl can still be
achieved with an increase in temperature and time. In a
nitrogen atmosphere, NaCl also volatilizes after reaching
the melting point. Thus, the removal of K and Na is actually
attributable to the volatilization of KCl and NaCl at experi-
mental temperatures.

4 Conclusion

1. The pre-reduction sintering process is an effective method
for comprehensive utilization of BF dust, which can ensure
a high metallization rate while removing harmful ele-
ments such as Zn, K, and Na from BF dust. It can
avoid harmful elements in the BF and ensure smooth
production.

2. With the increase in BF dust content, the Zn removal
rate gradually increased, while the removal rates of K
and Na showed a trend of first increasing and then
decreasing. The removal rate of the three elements
increased with the increase in reduction time and the
increase in reduction temperature. When the BF dust con-
tent was 20%, the Zn, K, and Na removal rates in the
reduction sintered products reached 95.66%, 79.97%, and
91.49%, respectively, after the briquettes were reduced at
1,200°C for 20 min. Most volatilization of Zn, K, and Na can
be achieved by the pre-reduction sintering process.

3. With the increase in BF dust content, the prolongation of
pre-reduction time, and the increase in pre-reduction
temperature, the metallization rate of pre-reduction sin-
tered products showed an increasing trend. When the
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BF dust content is 20% and the briquettes are reduced at
1,200°C for 20 min, the metallization rate of the pre-
reduction sintered products reaches 84.77%, which can
meet the requirements of the subsequent BF production.
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