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Process and mechanism

of preparing metallized blast
furnace burden from metallurgical
dust and sludge
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Metallurgical dust and sludge are solid waste resources with recycling value. In recent years, rotary
hearth furnace has become the most important means to treat metallurgical dust and sludge because
of its wide range of raw materials and strong treatment capacity. In this study blast furnace ash and
converter sludge were selected as the research objects, and high-quality metallized pellets were
prepared based on the rotary hearth furnace process. The strength changed of pellets, the reduction
process of iron oxides and the removal process of zinc during the roasting of pellets in rotary hearth
furnace were studied. To explore the reasonable roasting condition for preparing metallized pellets in
rotary hearth furnace. The optimum roasting temperature of the pellets was 1250°C and the roasting
time was 25 min. The compressive strength, metallization rate and dezincification rate of metallized
pellets reached 1361N, 97.44% and 95.67%, respectively. The efficient resource utilization of various
metallurgical dust and sludge is realized.
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In 2022, the output of crude steel in China was 1.018 billion tons'. It accounted for 54.01% of the global crude
steel output®. The development of iron and steel industry has greatly promoted the development of social
economy’. However, with the development of iron and steel industry, all kinds of metallurgical dust and sludge
have been produced in the process of ironmaking and steelmaking®-. According to the statistics, the amount
of dust and sludge generated by iron and steel enterprises annually accounts for about 8-12% of the crude steel
production’. According to this calculation, the amount of dust and sludge generated by Chinese iron and steel
enterprises in 2022 was about 82-122 million tons. As a large industrial solid waste, the metallurgical dust and
sludge contains harmful elements such as Zn, K and Na®-1°. Simply stacking and burying metallurgical dust sludge
not only takes up land resources, but also harms the environment'"!%. At the same time, metallurgical dust and
sludge is rich in valuable resources such as iron, carbon and zinc, which has high value of resource recycling!>'.
More importantly, like some major industrial countries'>!¢, the Chinese government has listed zinc-containing
dust and sludge as hazardous waste in the “Directory of National Hazardous Wastes” catalogue, and its resource
utilization is particularly urgent.

At present, the methods of treating zinc-containing dust and sludge are: return sintering, stabilization,
physical method, hydrometallurgical method and pyrometallurgy method!>"”. Some scholars have studied the
return sintering treatment of blast furnace ash. The results show that the return sintering process of blast furnace
ash can replace part of coke powder, and the replacement rate is about 100%. Adding a certain amount of blast
furnace ash can improve the sintering speed and utilization coefficient. However, the blast addition of blast
furnace ash will reduce the quality of sinter'®-%. The disadvantage of returning to sintering process is that harmful
elements such as Zn will enter the blast furnace with sinter. It increases the zinc load of blast furnace. Some
scholars have studied the stabilization treatment technology of metallurgical dust and sludge. The results show
that it can be used to prepare stabilized products such as cement and ceramics. The advantage of this process is
low energy consumption. The disadvantage is that harmful elements such as Zn exist in stabilized products and
there are potential hazards to the environment?!~*. Cao et al.** studied the treatment of blast furnace gas sludge
by water conservancy cyclone separation technology in Baosteel. The results show that the recovery rate can
reach more than 60% under the dezincification rate of 70%. Many scholars have studied the hydrometallurgical
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process. Oustadakis et al.”® used hydrometallurgical method to treat electric furnace dust. Under the conditions
of acid normality is 3N, temperature is 60°C and solid to liquid ratio is 10%, the zinc extraction reached 80%
and the iron leaching reached 45%. Teo et al.* used hydrochloric acid as leaching solution to study the effects
of reaction temperature and hydrochloric acid concentration on the extraction rate of iron and zinc. The results
show that with the increase of reaction temperature and hydrochloric acid concentration, the extraction rate
of iron and zinc increases simultaneously. Pyrometallurgical process has become the most widely used main
treatment method for metallurgical dust and sludge because of its high treatment efficiency and high variety
of raw materials. Rotary hearth furnace process is the representative of pyrometallurgical process?”?. Daniel
et al.” explored the treatment scheme of blast furnace dust in UK steel plant. The results show that zinc in blast
furnace dust mainly exists in the form of Zn;_,O,, which will reduce the efficiency of hydrometallurgy recovery.
The blast furnace dust also contained 40% fixed carbon and more suitable for rotary hearth furnace treatment.
Yang et al.** studied the process of preparing metallized pellets in rotary hearth furnace. The results show that
the properties of pellets are good at roasting temperature was 1270°C and roasting time was 25 min, and the
dezincification rate and metallization rate reached 82.09% and 91.29%, respectively.

However, the metallized pellets produced by rotary hearth furnace have some problems, such as low
metallization rate, low dezincification rate and high pulverization rate of pellets during production®*2.

In this study, converter sludge and blast furnace ash slag were selected as raw materials, all of which are
processed by a rotary hearth furnace enterprise in southern China. Converter sludge is the product of wet
dust removal of gas in converter steelmaking process, and blast furnace ash is the product of dry dust of blast
furnace bag. Because the carbon content in the converter sludge is less, it is necessary to add a certain amount
of carbon as reducing agent to help the pellets be fully metallized during roasting. The compressive strength,
metallization rate and dezincification rate of metallized pellets were used as evaluation indicators. The high-value
metallized pellets were prepared. The effects of roasting time and roasting temperature on compressive strength,
metallization rate and dezincification rate of metallized pellets have been studied. Combined with XRD (X-ray
Diffraction) and SEM-EDS (Scanning electron microscopy and energy dispersive spectroscopy) detection and
analysis methods, the macrostructure characteristics, microstructure characteristics and phase transformation
law of metallized pellets during roasting were studied. The mechanism of strength change of metallized pellets
and mechanism of zinc removal were found out. The reasonable roasting condition for preparing metallized
pellets in rotary hearth furnace was obtained. This study can provide theoretical guidance and technical support
for the industrial production of metallurgical dust and sludge.

Experiment

Experimental materials

The blast furnace ash and converter sludge were selected as main raw materials. The composition of the two
samples is shown in Table 1. The C and Zn content of blast furnace ash are higher, reached 17.64% and 3.19%.
The TFe (Total Fe) content of converter sludge was high, reached 54.59%. The result of proximate analysis of
CDQ powder (powder of coke dry quenching) is shown in Table 2.

The XRD phase analysis of two kinds of metallurgical dust sludge is shown in Fig. 1. The main phases of
converter sludge are Fe and Fe;O,, and a small amount of CaCO;, SiO, and ZnFe,0,. The diffraction peaks of Fe
and FeO are high, it means that the roasting process of pellets prepared with converter sludge as the main raw
material is more conducive to the reduction of iron oxides and the reduction of iron oxides will consume less
carbon. Zn mainly exists in the form of ZnFe,O, in converter sludge. The main phases of blast furnace ash are
Fe,0; and ZnFe,0,, and a small amount of SiO, and Ca,SiO,. The diffraction peak is about 20 degrees and there
are a lot of miscellaneous peaks, which are irregular diffraction peaks of C. Compared with converter sludge,
it can be clearly felt that the carbon content in blast furnace ash is much higher than that in converter sludge.
Zinc mainly exists in the form of ZnFe,0, in blast furnace ash. The XRD phase and XRF detection results of two
kinds of metallurgical dust and sludge are consistent.

Preparation of metallized pellets

The converter sludge, blast furnace ash and CDQ powder were dried and ground to below 200 mesh (- 0.074 pm).
The converter sludge, blast furnace ash and CDQ powder were mixed according to the C/O (Carbon/oxygen is the
fixed carbon in CDQ powder and carbon in two kinds of metallurgical dust and sludge divided by oxygen in iron

Composition TFe Fe,0; | CaO |SiO, | ALO; |MgO |SO; |MnO |ZnO |P,0, |C
Blast furnace ash 48.99 |69.98 536 | 811 |[4.53 0.93 2.40 |0.16 319 |0.23 17.64
Converter sludge 54.59 | 77.99 11.00 | 1.14 |0.29 2.38 046 |2.38 2.68 |0.15 1.09

Table 1. Main composition of two kinds of metallurgical dust and sludge, wt%.

Aq \A FC,
14.50 4.10 81.40

Table 2. Proximate analysis of CDQ powder, wt% (dry basis). A, ash, V, volatiles, FC, fixed carbon.
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Figure 1. Two kinds of metallurgical dust phase diagram: (a) converter sludge; (b) Blast furnace ash;

oxide in metallurgical dust and sludge) ratio of 0.6. 4% binder was added and mixed them evenly. The contents
of raw materials in green pellets are shown in Table 3. After mixing homogeneously, the chemical composition
of the raw materials for preparing metallized pellets is shown in Table 4.

The preparation process of metallized pellets is shown in Fig. 2. From Fig. 2, a total of 200 g raw materials were
weighed and mixed for 2 h, each time. The well-mixed samples were weighed, and each sample was weighed 25 g.
The samples were filled in the mold, and then put on the pressure head. The mold was placed on a preforming
machine (the pressure was 25 Mpa and the holding time was 5 min). The green pellets were obtained. The
metallized pellets were roasted by muffle furnace. The dry pellets were put in a corundum crucible with a cover.
The N, was introduced into the crucible and the crucible cover was quickly covered. The air in that crucible was
exhaust. The crucible filled with pellets was placed in a muffle furnace with a temperature of 200 °C. The crucible

Binder
4.0

CDQ power
5.5

Blast furnace ash
26.0 70

Converter sludge

Table 3. Contents of different raw materials, wt%.

MnO
1.68

ZnFe,0,
791

P,0, C
0.16 9.83

SO,
0.94

CaO
8.96

Si0,
3.02

AlLO,
1.50

MgO
1.88

Fe;0,
70.03

Table 4. Chemical composition of the raw materials for preparing metallized pellets, wt%.
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Figure 2. Preparation process of metallized pellets.
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filled with pellets was preheated in muffle furnace for 20 min. The preheated crucible filled with pellets was put
into a muffle furnace which has been raised to a predetermined roasting temperature.

Experimental index

Metallization rate and dezincification rate are the important index in research. The contents of Zn, Fe(TFe) and
metallic iron(MFe) in the metallized pellets calcined under different roasting conditions were determined. The
rate of metallization and dezincification was calculated as follows:

MFe
M=— x100% (1)
TFe

m; X X; —mjp X X3
D= ————=""2x100% @)
m; X X1

M represents the metallization rate, %; D represents the dezincification rate, %; TFe represents the total iron
content in metallized pellets, %; MFe represents the metallic iron content in metallized pellets, %; m, represents
the total mass of pellets before reduction, g; m, represents the total mass of metallized pellets, g; x, represents
the Zn content in dry pellets, %; x, represents the Zn content in metallized pellets, %.

Detection method

The compositions of the two kinds of metallurgical dust and sludge were determined by professional institutions
(Analysis and testing center of University of Science and Technology Beijing, China) through X-ray Fluorescence
Spectrometer (XRF). The proximate analysis of CDQ powder was measured according to ISO 17246-2005(E).
The MFe (metallic iron) and TFe content in the metallized pellets was determined according to the international
standards ISO 5416:2006 and ISO 2597-2:2019. The compressive strength of metallized pellets was measured by
Microcomputer Controlled Electronic Universal Testing Machine (WDW-20). The zinc content of the pellets
before and after roasting was determined using an inductively coupled plasma emission spectrometer (ICP-OES).
The phase composition of metallized pellets was analyzed by XRD (XTALAB SYNERGY-ED) (40 kV, 40 mA,
wavelength 0.154 nm). The scanning angle range is from 10° to 90°, and the scanning speed is 0.8°/s. SEM-EDS
was used to observe and detect the morphology and composition of the metallized pellets.

Results and discussion

Macroscopic morphology of metallized pellets

The macroscopic morphology of metallized pellets roasted by muffle furnace under different roasting conditions
were shown in Fig. 3. Figure 3a shows the metallized pellets with different roasting temperatures and roasting
time of 25 min. Figure 3b shows the metallized pellets with different roasting time and roasting temperature
of 1250 °C. It can be seen from Fig. 3 that with the increase of roasting temperature and time, the volume of
metallized pellets has obviously shrunk. This is due to the precipitation of carbon in pellets and the formation
of iron crystals. After the roasting temperature of 1300 °C in Fig. 3a and the roasting time of 25 min in Fig. 3b,
the pellet volume shrinkage was not obvious. The reaction temperature or time was insufficient, the reduction
reaction in the pellet was not fully carried out, and the iron crystal was not sufficient. Comparing Fig. 3a and b,
the volume of pellets with roasting temperature above 1300 °C is smaller than that with roasting temperature
of 1250 °C. However, under the conditions of roasting temperature of 1250 °C and roasting time of 25 min,
the pellet volume shrinkage is not obvious. when roasting time was prolonged. It shows that the internal
reduction reaction of pellets has been basically completed at roasting temperature of 1250 °C and roasting time
of 25 min. The smaller pellet volume at 1300 °C and 1350 °C was due to the higher roasting temperature. It
makes the reduction reaction inside the pellets more intense and the pellets have fewer pores. Therefore, from
the macroscopic morphology of pellets, the reduction reaction in pellets can only be fully carried out when the
roasting temperature is 1250 °C and the roasting time is 25 min. Under this condition, the pellet has a high degree
of iron crystallization and high compressive strength.

Effect of roasting conditions on compressive strength of pellets

In Fig. 4a, the lateral compressive strength of metallized pellets was first increased and then decreased with the
extension of roasting time from 15 to 35 min. When the roasting time was 25 min, it reached the highest value
of 1361 N. Before the roasting time of 25 min, the internal reduction reaction of pellets was not fully carried
out. At this time, the carbon in the pellet could not be consumed completely. The insufficient iron crystals and
residual carbon particles will hinder the strength of pellets. With the extension of roasting time, carbon particles
were completely consumed. Iron crystals grow further, and the pores left by the precipitation of carbon gradually
decrease due to the continuous crystallization of iron. This greatly increased the compressive strength of pellets.
Continue to prolong the roasting time, and the lateral compressive strength of pellets will decrease. This is due
to the complete consumption of carbon in pellets. Moreover, a weakly oxidizing atmosphere appeared on the
pellet surface, and an iron oxide shell appeared on the outer surface of the pellet. It makes the compressive
strength of pellets decrease.

It can be seen from Fig. 4b that the lateral compressive strength of metallized pellets increases with the
increase of roasting temperature. The increment of lateral compressive strength is very small before 1250 °C. But
the lateral compressive strength of metallized pellets increases greatly after 1250 °C. This is because the melting
temperature of some gangue components such as FeO, CaO and SiO, between 1150 and 1250 °C has not yet
reached, and a sufficient amount of liquid has not been generated. After 1250 °C, with the increase of roasting
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Figure 3. Physical pictures of metallized pellets with different roasting conditions: (a) different roasting
temperature; (b) different roasting time.
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Figure 4. Lateral compressive strength of pellets with different roasting conditions: (a) different roasting time;
(b) different roasting temperature.

temperature, the degree of iron connection of pellets became higher and higher. At the same time, the gangue
components in the pellet formed liquid slag to fill the gaps in the pellet and improve the internal heat transfer.
This increased the compressive strength of pellets.

Effect of roasting conditions on metallization rate and dezincification rate of pellets
The results of metallization rate and dezincification rate of metallized pellets are shown in the Table 5. The
highest metallization rate of pellets is 97.44%, and its corresponding roasting time and roasting temperature are
25 min and 1250 °C.

As can be seen from Fig. 5a, the metalized pellet dezincification rate increased with the increase of roasting
temperature from 1150 to 1350 °C. The dezincification rate of the pellet reached more than 95% after the roasting
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Code Roasting temperature (°C) | Roasting time (min) | Metallization ratio (%) | Dezincification rate (%)
1 1250 15 89.23 77.63
2 1250 20 94.42 93.15
3 1250 25 97.44 95.67
4 1250 30 94.04 96.51
5 1250 35 93.34 98.08
6 1150 25 83.86 43.34
7 1200 25 93.19 81.44
8 1300 25 93.10 96.09
9 1350 25 90.87 96.81

Table 5. Metallization and dezincification rates of metallized pellets.
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Figure 5. Dezincification and metallization rates of metallized pellets with different roasting conditions: (a)
different roasting time; (b) different roasting temperature.

temperature reached 1250 °C. It meets product requirements. With the increase of roasting temperature, the
pellet metallization rate appeared to increase and then decrease. This is due to the fact that the pellet reduction
reaction was not completed with the roasting time less than 25 min and the roasting temperature is 1250 °C.
The kinetic conditions for the reduction of iron oxides within the pellet are more favorable and the reduction
rate is faster with the increase of the roasting temperature after 1250 °C. This made the pellet to be restored in
25 min. The roasting temperature continued to increase and the reduction reaction within the pellet occurred too
violently. The carbon inside the pellet has been completely consumed with the roasting time less than 25 min. A
Weakly oxidizing atmosphere appeared on the surface of pellets, which reduces the metallization rate of pellets.

In Fig. 5b, the metallization rate of metallized pellets increased and then decreased when the roasting time
was extended from 15 to 35 min at a roasting temperature of 1250 °C. The metallization rate of metallized pellets
with roasting time of 25 min reached 97.44% at the highest. The lowest metallization rate of 89.23% was achieved
for 15 min metallization pellets with roasting time. The metallization rate increased before the roasting time
of 25 min and prolonged roasting time. The metallization rate decreases by prolonging the roasting time after
25 min. This is due to the fact that the reduction reaction of the metallized pellets was reacted within 25 min.
After that continue to extend the roasting time pellets due to the equipment and equipment of the cause of
re-oxidation occurs to lead to the reduction of the rate of metallization of the pellets. The roasting time was
extended from 15 to 35 min, and the pellet dezincification rate continued to increase. And the dezincification
rate of pellet reached more than 95% after 25 min. The zinc content in metallized pellets is 0.126% at roasting
temperature of 1250 °C and roasting time of 25 min.

The metallization and dezincification rates showed different trends after 25 min. This is due to the competitive
mechanism for the reduction of oxides of Fe and Zn. Carbon was more plentiful in the early stages of the roasting
reaction and both were reduced at the same time. After 25 min, a weakly oxidizing atmosphere appeared around
the pellets. The re-oxidation of metallic iron made the metallization rate decrease, while zinc has become zinc
vapor and volatilized from the pellets, so the dezincification rate has not decreased.

Effect of roasting conditions on XRD phase of pellets
The phase diagram of metallized pellets roasted by different roasting conditions is shown in Fig. 6. The main
phase of metallized pellets is Fe with a small amount of FeO, ZnO, and Ca,SiO,. The greater the intensity of
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Figure 6. X-ray Diffraction phase diagram of pellets with different roasting conditions: (a) The roasting time is
25 min; (b) The roasting temperature is 1250 °C.

diffraction peak, the better the degree of crystallization and the larger the grain size. Its corresponding crystal
growth is also orderly. With the increase of roasting temperature, the diffraction peak intensity of the main phase
Fe increases first and then decreases. This is because the pellets were put into the furnace and heated rapidly. The
higher the temperature, the better the kinetic conditions for reduction and the faster the reduction rate. When
the roasting temperature is above 1200 °C, the reduction speed in pellets is too fast, and the crystallization effect
becomes worse, which is not conducive to the crystal growth in one direction. However, X-ray Diffraction can
only scan the crystal in the same direction, so the diffraction peak of pellet iron crystal decreases with the increase
of roasting temperature. It can be seen from Fig. 6b that the phase of ZnO gradually decreases with the extension
of roasting time, and the phase of ZnO basically disappears after roasting time of 25 min, which proves that the
dezincification rate is high at this time.

Effect of roasting conditions on microstructure of pellets

The internal microstructure of metallized pellets roasted at 1250 °C for different roasting time are shown in
Fig. 7a-d. Figure 7c was selected for EDS dot energy spectrum analysis, and the result is shown in Fig. 7. The
metallized pellets mainly include three phases, the phase of light gray part is metallic iron phase, and its main
element is Fe; The phase of dark gray part is spinel phase, and its main elements are Fe, Mg and O; The phase
of bright white part is gangue phase (slag phase), and its main elements are Ca, Si and O. The dark black parts
are pores. It can be clearly seen that the slag phase mainly appeared in the pores, so the low melting point liquid
phase filled part of the pores during roasting, thus improving the strength of pellets. With the extension of
roasting time, the porosity of metallized pellets decreases, the iron crystals were arranged more closely, and the
slag phase decreases. This is because the reduction reaction was carried out in the pellet with the extension of
roasting time, and the iron crystal of the pellet was denser.

Evolution mechanism of pellet strength and dezincification mechanism

The evolution mechanism of pellet strength and dezincification mechanism is shown in Fig. 8. The strength of
green pellets is mainly composed of capillary force of water, binder cementation force of binder and meshing
force of extrusion molding. With the progress of drying and preheating, the moisture in pellets was evaporated.
The capillary force of water was weakened and the binder cementation force of binder was enhanced. In the
roasting stage, high temperature made the binder cementation force ineffective. At the same temperature, the
precipitation of carbon made the interior of pellets become porous and loose. This made the meshing force of
pellets disappear. The reduction of iron oxide made the continuous crystal of iron appear, and the strength of
pellets is mainly metallic bonds and electrovalent bonds. At the same time, some low melting point liquid phases
were gradually formed at high temperature. These filled the internal pores of pellets and further improved the
strength of pellets. At the roasting temperature of 1150 °C, the binder cementation force of pellet was disappeared,
but the degree of iron crystallization was insufficient. Therefore, the compressive strength of pellets was low at this
time. With the increased of roasting temperature, the reduction reaction efficiency of pellets increased gradually.
At this time, a large number of iron crystals were generated, and some liquid phases were also generated to fill
the internal pores of the pellets. These increased the strength of the pellets. The main occurrence form of Zn in
green pellets was zinc ferrite. With the roasting, zinc ferrite was reduced by C and CO generated by gasification
reaction in the pellets, and zinc vapor was generated and volatilized out of the pellet.
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Conclusion

In summary, the effect of roasting conditions on metallurgical properties of metallized pellets is studied.
Novel process parameters for preparing metallized pellets with high strength, high metallization rate and high
dezincification rate were obtained. The efficient and comprehensive utilization of converter sludge and blast
furnace ash has been realized.

1)

)

3)

(4)

With the extension of roasting time, the strength of pellets first increased and then decreased. The maximum
compressive strength of pellets is 1361N under the roasting time of 25 min. The compressive strength of
pellets increases with the increase of roasting temperature.

With the increase of roasting time and roasting temperature, the metallization rate of pellets increased
first and then decreased. Under the roasting time is 25 min and the roasting temperature is 1250 °C, the
metallization rate of pellets can reach 97.44%, Metal Fe is the main material phase.

The dezincification rate of metallized pellets showed an increasing trend with the increase of roasting
time and roasting temperature. The roasting temperature reached 1250 °C roasting time 25 min, the
dezincification rate of the pellets can reach more than 95%. The zinc content in metallized pellets is 0.126%
at roasting temperature of 1250 °C and roasting time of 25 min.

Compressive strength, dezincification rate, and metallization rate of the metallized pellets were considered.
The optimum roasting temperature of the pellets was 1250 °C and the roasting time was 25 min. The
metallization rate, dezincification rate and compressive strength of metallized pellets reached 97.44%,
95.67% and 1361N, respectively.

Data availability
The datasets used and analysed during the current study available from the corresponding author on reasonable
request.

Received: 14 March 2024; Accepted: 23 April 2024
Published online: 29 April 2024

References

1.

Shangguan, F. X,, Cui, Z. E, Zhou, J. C., Ni, B. & Li, T. Research on development strategy of electric arc furnace process in China
under background of double carbon. Iron Steel. 1, 1-12 (2023).

2. Gu, H. E. Analysis on the operation of China’s steel industry in 2021. Metall. Econ. Manag. 03, 18-21 (2022).

3. Li, Y. R, Xing, Y,, Sun, Y. J. & Tian, J. L. Low-carbon green development path and practice of the iron and steel industry. Chin. J.
Eng. 45, 1583-1591 (2023).

4. Li, Q. et al. Situation and research development on resource utilization of metallurgical dust containing zinc in iron and steel
industry. Chin. Metall. 33, 1-9 (2023).

5. Juan, M. T. S,, Jorge, S. M., Evaristo, R. M. L. & Francisco, A. C. I. Leaching of zinc for subsequent recovery by hydrometallurgical
techniques from electric arc furnace dusts and utilization of the leaching process residues for ceramic materials for construction
purposes. Metals. 1603, 1-17 (2021).

6. Fauzi, A., Syukri, S., Mulizar, M. & Muhammad, R. Feasibility of utilization DAFD as cement replacement in conventional concrete.
Portal J. Tekn. Sipil. 9, 661 (2018).

7. Jinsu, K., MyungSuk, S., Junkyu, P. & Jeeeun, K. Optimized rotary hearth furnace utilization with blast furnace and electric arc
furnace: Techno-economics, CO, reduction. Fuel Process. Technol. 237, 107450 (2022).

8. He, X,, Xie, S. E, Li, X. E, Ly, X. D. & Huang, R. Experimental and mechanism research on vacuum carbothermal reduction of
zinc-containing electric arc furnace dust. JOM. 74, 3039-3048 (2022).

9. Liu, P. ], Liu, Z. G, Chu, M. S., Tang, J. & Gao, L. H. Green and efficient utilization of stainless steel dust by direct reduction and
self-pulverization. J. Hazard. Mater. 413, 125403 (2021).

10. Zhang, D. C. et al. Recovery of zinc from electric arc furnace dust by alkaline pressure leaching using iron as a reductant. J. Central
South Univ. 28,2701-2710 (2021).

11. Lin, X. L. et al. Pyrometallurgical recycling of electric arc furnace dust. J. Clean. Prod. 149, 1079-1100 (2017).

12. Daniel, J. C. S. & Andrew, R. B. Pyrometallurgical removal of zinc from basic oxygen steelmaking dust: A review of best available
technology. Resourc. Conserv. Recycl. 157, 104746 (2020).

13. Bayoumi, R. A., Abdelmonem, N. M., Soliman, M. A,, Ismail, I. M. & Refaat, A. A. Hybrid hydro-pyrometallurgical process for
Zn recovery from electric arc furnace dust. J. Phys. Conf. Ser. 2305, 2009 (2022).

14. Huang, X. M. Study on Preparation of Micro-Electrolytic Iron Carbon Filler for Sewage by Recycling Metallurgical Dust (Wuhan
University of Science and Technology, 2022).

15. Wu, Z.]., Huang, W, Cui, K. K., Gao, Z. E. & Wang, P. Sustainable synthesis of metals-doped ZnO nanoparticles from zinc-bearing
dust for photodegradation of phenol. J. Hazard. Mater. 278, 91-99 (2014).

16. Niubd, M., Fernandez, A. I, Chimenos, J. M. & Haurie, L. A possible recycling method for high grade steels EAFD in polymer
composites. J. Hazard. Mater. 171, 1139-1144 (2009).

17. Li, Y. et al. Current status of the technology for utilizing difficult-to-treat dust and sludge produced from the steel industry. J. Clean.
Prod. 367, 132909 (2022).

18. Lanzerstorfer, C., Bamberger-Strassmayr, B. & Pilz, K. Recycling of blast furnace dust in the iron ore sintering process: Investigation
of coke breeze substitution and the influence on off-gas emissions. ISIJ Int. 55, 758-764 (2015).

19. Mohammad, S., Patra, S. & Harichandan, B. Reductants in iron ore sintering: A critical review. Fuel. 332, 126194 (2023).

20. Jiang, X. T., Tuo, J. D. & Li, X. Study on the effect of adding gas ash on sintering production and quality. Gansu Metall. 44(01),
20-22 (2022).

21. Stathopoulos, V. N., Papandreou, A., Kanellopoulou, D. & Stournaras, C. J. Structural ceramics containing electric arc furnace
dust. J. Hazard. Mater. 262, 91-99 (2013).

22. Omar, S. B. A,, Abdullah, A. A., Mohammed, M. & Tawfik, A. S. Method and mechanisms of soil stabilization using electric arc
furnace dust. Sci. Rep. 7, 1-10 (2017).

Scientific Reports | (2024) 14:9760 | https://doi.org/10.1038/s41598-024-60425-8 nature portfolio



www.nature.com/scientificreports/

23. Alwaeli, M., Golaszewski, J., Niesler, M., Pizon, ]. & Gotaszewska, M. Recycle option for metallurgical sludge waste as a partial
replacement for natural sand in mortars containing CSA cement to save the environment and natural resources. J. Hazard. Mater.
398, 123101 (2020).

24. Cao, K. & Hu, L. G. Application and research on hydrocyclone separation technology in the process of zinc removal from BF
sludge. Baosteel Technol. 5, 16-19 (2006).

25. Oustadakis, P, Tsakiridis, P. E., Katsiapi, A. & Agatzini-Leonardou, S. Hydrometallurgical process for zinc recovery from electric
arc furnace dust (EAFD): Part I: Characterization and leaching by diluted sulphuric acid. J. Hazard. Mater. 179, 1-7 (2010).

26. Teo, Y. Y, Lee, H. S., Low, Y. C., Choong, S. W. & Low, K. O. Hydrometallurgical extraction of zinc and iron from electric arc
furnace dust (EAFD) using hydrochloric acid. J. Phys. Sci. 29(3), 49-54 (2018).

27. She, X. E, Wang, J. S., Wang, G., Xue, Q. G. & Zhang, X. X. Removal mechanism of Zn, Pb and alkalis from metallurgical dusts in
direct reduction process. J. Iron Steel Res. Int. 21, 488-495 (2014).

28. Li, Y. T. et al. Mechanism of different adhesive strengthening cooled agglomerated pellets of iron and steel metallurgical dust.
Sinter. Pelletiz. 47(06), 84-90 (2022).

29. Stewart, D. J. C., Scrimshire, A., Thomson, D., Bingham, P. A. & Barron, A. R. The chemical suitability for recycling of zinc
contaminated steelmaking by-product dusts: The case of the UK steel plant. Resourc. Conserv. Recycl. Adv. 14, 200073 (2022).

30. Yang, T. et al. Preparation and production process optimization of carbon-bearing pellets for rotary bottom furnace. Iron Steel
58(4), 157-166 (2023).

31. Zheng, Z. H. Study on the Resource Utilization of Converter Dust Containing Zinc (Beijing University of Chemical Technology,
2020).

32. Wang, J. Pyrometallurgical recovery of zinc and valuable metals from electric arc furnace dust: A review. J. Clean. Prod. 298, 126788
(2021).

Acknowledgements

This work was supported by the National Key Research and Development Program of China (2020YFC1909100
and 2020YFC1909105), the Major Science and Technology Project of Inner Mongolia Autonomous Region
(2021ZD0016), the Program for Young Talents of Science and Technology in Universities of Inner Mongolia
Autonomous Region (NJYT22060) and Supported by the Fundamental Research Funds for Inner Mongolia
University of Science & Technology (2023YXXS006 and 2022QNJS011).

Author contributions
Xing Gao: Completing the experiment, Writing draft. Yifan Chai: Data analysis, Supervision, Review. Yici Wang:
Supervision. Guoping Luo: Validation. Shengli An: Resources. Jun Peng: Supervision.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Y.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:9760 | https://doi.org/10.1038/s41598-024-60425-8 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Process and mechanism of preparing metallized blast furnace burden from metallurgical dust and sludge
	Experiment
	Experimental materials
	Preparation of metallized pellets
	Experimental index
	Detection method

	Results and discussion
	Macroscopic morphology of metallized pellets
	Effect of roasting conditions on compressive strength of pellets
	Effect of roasting conditions on metallization rate and dezincification rate of pellets
	Effect of roasting conditions on XRD phase of pellets
	Effect of roasting conditions on microstructure of pellets
	Evolution mechanism of pellet strength and dezincification mechanism

	Conclusion
	References
	Acknowledgements


