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Abstract - In this study, an experiment was conducted to manufacture an iron ore substitute by increasing the Fe quality in the 

steelmaking dust treatment DRI through classification and magnetic screening. 1 kg of steelmaking dust treatment DRI was 

separated, and the weight ratio and Fe content by granularity were investigated. Afterwards, a magnetic screening experiment 

was conducted with 100 g of DRI separated based on the derived optimal separation conditions. For magnetic screening, the 

weight and Fe content of the magnetic powder for each Gauss were investigated using the magnetic strength (Gs) as a variable 

using an electromagnet and a Gauss meter; there are capable of controlling the magnetic strength. As a result of the experiment, 

the Fe content in DRI was improved from 43.29 wt.% to 61.02 wt.% through separation and magnetic screening, thus achieving 

the requirements of iron ore substitute. 
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1. Introduction 
Among domestic designated wastes, steelmaking dust is 

inevitably generated at a high temperature of 1600℃ or higher 

during steel production through an electric furnace. 

Approximately 15 to 25 kg of dust is generated when 

producing 1 ton of iron [2, 4]. According to the Korea Iron and 

Steel Association, electric furnace steel production is expected 

to be 22.2 million tons as of 2022. Accordingly, the amount of 

dust generated in steelmaking is estimated to exceed 30,000 

tons. Although there are some differences depending on the 

type of iron scrap and the processing method, steelmaking dust 

contains about 20 to 40% of zinc and 10 to 25% of iron, as 

well as heavy metals such as lead, manganese, copper, and 

cadmium, and negative ions such as chlorine and fluorine. 

 

These dusts, lime, and coke are charged into a rotary 

reduction kiln to reductively distill zinc into the gas phase to 

produce crude zinc oxide [6]. At this time, crude zinc oxide is 

recovered in the form of powder in the filter, and the residue 

in the kiln is produced as a by-product of the process. This 

residue contains residual zinc and iron, and the iron is reduced 

by the coke charged together and remains in the form of 

reduced iron (Direct Reduced Iron, DRI). These by-products 

from the process are called steelmaking dust treatment DRI 

and contain about 5 to 10% of zinc and 40 to 55% of iron. 

Despite the fact that the steeling-making dust contains a large 

amount of iron, it is classified as a designated waste due to the 

lack of treatment technology and social interest. It is landfilled 

at the cost of KRW200,000 to 300,000 per ton. As a result, 

soil and water pollution around the landfill site and economic 

loss occurs, and it is necessary to develop a process for 

recycling steelmaking dust treatment DRI. Therefore, this 

study was conducted to investigate the optimal process 

conditions for using DRI as a substitute for iron scrap and iron 

ore by separating DRI with high Fe content from the 

steelmaking dust treatment DRI, which is currently landfilled. 

 

2. Experiment 
Direct Reduced Iron (DRI), a process by-product 

generated when crude zinc oxide is produced from 

steelmaking dust, was used for the sample used in this 

study. XRF (X-Ray Fluorescence) analysis was used 

conducted to analyze the Fe content and chemical 

composition of the raw material. The analysis results are 

presented in Table 1. As a result of XRF analysis, it was 

confirmed that Fe was 43.49wt.%. 
 

Table 1. Chemical composition of DRI 

Element Wt.% 

Fe 43.49 

Ca 29.99 

Si 8.26 

Al 5.64 

Zn 4.09 

Mn 3.25 

Mg 1.61 

Na 1.60 

S 1.01 

Cr 0.78 

Ti 0.28 
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2.1.  Separation Experiment for Steelmaking Dust 

Treatment DRI 
Steelmaking dust treatment DRI is collected in the form 

of a clinker, and the shape and granule size is irregular. In 

order to investigate the weight and Fe content by granule size, 

samples were pulverized and classified. In the experiment, 1 

kg of DRI raw material was separated to mm or less using a 

ball mill. The weight was measured at granule sizes of 75μm 

or less, 75 to 150μm, 150 to 300μm, 300 to 500μm, 500 to 

600μm, and 600μm to 1 mm, respectively, and the Fe content 

was determined through XRF analysis. 
 

2.2.  Magnetic Screening of the Residues After Separation 
Based on the derived separation conditions, a magnetic 

screening experiment was conducted. This is a process to 

select samples with high Fe content by using the magnetism 

of Fe in the steelmaking dust treatment DRI. An electromagnet 

capable of magnetic force control was used, and the magnetic 

field strength was measured using a Gauss meter under 

conditions of 500, 1500, 3000, 3500, and 4000Gs experiment 

was conducted. Since Fe is self-attached and impurity 

components are self-attached during the magnetic screening, 

an air-blowing of the self-attached powder was conducted. 
 

3. Results and Discussion 
3.1.  Separation from Steelmaking Dust Treatment DRI 

 Table 2 presents the weight and ratio of DRI after 

separation. Figure 1 presents the change in Fe content 

according to the granularity measured by XRF analysis during 

classification and separation. It was 16.92 wt.% below 75 μm, 

31.73 wt.% between 75 and 150 μm, 44.47 wt.% between 150 

and 300 μm, 47.56 wt.% between 300-500 μm, 50.23 wt.% 

between 500 and 600 μm, and 50.80 wt.% between 600 μm 

and 1 mm.  

 

As a result of the experiment, it was found that samples 

of 150 μm or less accounted for 7.47% of the total weight, and 

they were separated due to their low weight ratio and low Fe 

content. Most of the samples between 150 μm and 1 mm were 

recovered, and it was found that it accounted for 92.49% of 

the weight of DRI, the raw material. The Fe content was 

improved in this granularity range, and 150 μm to 1 mm was 

determined as the optimal separation condition.  
 

Table 2. Chemical composition of DRI 

Granularity(μm) Weight(g) Ratio(%) 

<75 27.12 3.12 

75~150 37.72 4.35 

150~300 196.72 22.69 

300~500 233.18 26.89 

500~600 122.74 14.15 

600~1000 249.38 28.76 

 
Fig. 1 Fe content by granularity (XRF) 

3.2. Magnetic screening from the residues after separation 

A magnetic screening experiment was conducted with 

100 g of DRI separated from 150 μm to 1 mm. Table 3 

presented the weight and ratio of magnetic self-attached 

granules by magnetic strength (Gs) when  DRI was 1 kg. 

Figure 2 presents the change of Fe content according to the 

Gaussian conditions. The Fe content was 67.11 wt.% at 500Gs, 

63.36 wt.% at 1500Gs, 61.02 wt.% at 3000Gs, 55.58 wt.% at 

3500Gs, and 51.32 wt.% at 4000Gs. As a result of the 

experiment, it was confirmed that when the magnetic force is 

weak, the Fe content is high, but a small amount of self-

attached powder is recovered, and when the magnetic force is 

strong, a large amount of self-attached powder is recovered, 

but the sample with low Fe content is also self-attached. The 

quality of iron ore used in the steelmaking process is 60% or 

higher, and it is considered that magnets of 3000Gs or less 

must be used to use it as an alternative to iron ore. In 

consideration of even the ratio of self-attached DRI, 3000Gs 

was determined as the optimal magnetic force condition. 

 
Fig. 2 Fe content by magnetic strength (XRF) 
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Table 3. Weight and ratio of attached powder magnetic strength 

Magnetic strength(Gs) Weight(g) Ratio (%) 

500 12.03 12.03 

1500 30.77 30.77 

3000 67.81 67.81 

3500 77.32 77.32 

4000 85.56 85.56 

 

4. Conclusion 
In this study, separations were conducted to manufacture 

iron ore substitutes from steelmaking dust treatment DRI. As 

a result of XRF analysis, it was found that the Fe content of 

the raw material DRI was 43.49 wt.%. Separation was 

conducted to confirm the Fe content and weight of each 

granularity of the DRI, the raw material. As a result of the 

experiment, 92.49% of DRI was recovered between 150μm 

and 1mm, and Fe content was improved by 4.78% in this 

granularity range. Therefore 150μm ~ 1mm was determined 

as the optimal classification condition. After that, the 

separated DRIs were subjected to a magnetic experiment 

according to magnetic force strength. As a result of the 

magnetic screening experiment, it was confirmed that when 

the magnetic force is weak, the Fe content is high, but a small 

amount of self-attached powder is recovered. Accordingly, 

considering the ratio of Fe content and self-attached powder, 

3000Gs was determined as the optimal condition. At this time, 

it was confirmed that 67.81% was self-attached, and the Fe 

content was 61.02 wt.%. 

Acknowledgments  
 This study was conducted with the support of the BISTEP 

with financial resources from Busan City in 2021. (Project 

name: Market-demand-tailored open research lab project) 

References  
[1] E.Govindasamy, and U.Saraswathi, "An Enhanced Tramp Removing Method using Industrial Engineering," SSRG International Journal 

of Industrial Engineering, vol. 4, no. 2, pp. 5-7, 2017. [CrossRef] [Publisher link] 

[2] Ho-Sang Sohn, “Status of Pyrometallurgical Treatment Technology of EAF Dust,” Journal of Korean Institue of Resources Recycling, 

vol. 27, pp. 68-76, 2018. [CrossRef] [Google Scholar] [Publisher link] 

[3] S.Swaminathan, and Dr. K. Arulkumar, "Advanced Magnetic Tramp Removing Method for Industries to Prevent Equipments," SSRG 

International Journal of Industrial Engineering, vol. 1,  no. 1, pp. 10-12, 2014. [CrossRef] [Publisher link]   

[4] Anne-Gwénaëlle Guézennec et al., “Dust formation in Electric Arc Furnace: Birth of the Particles,” Powder Technology, vol. 157, pp. 2-

11, 2005. [CrossRef] [Google Scholar] [Publisher link] 

[5] Pooja Sharma, Arun Kumar Shandilya, and Neeraj Srivastave, "Structural Implications and Mineralization of Iron Ore around Pur-Banera, 

District Bhilwara, Rajasthan (India)," SSRG International Journal of Geoinformatics and Geological Science, vol. 7, no. 3, pp. 1-12, 2020. 

[CrossRef] [Publisher link]   

[6] Dea-Hyun Moon et al., “The Optimization of Hydrometallurgical Process for Recovery of Zinc from Electric Arc Furnace Dust (Part 1: 

Leaching Process),” Journal of Korean Institue of Resources Recycling, vol. 24, pp. 27-33, 2015. [Google Scholar] [Publisher link] 

 

https://doi.org/10.14445/23499362/IJIE-V4I3P102
https://www.internationaljournalssrg.org/IJIE/paper-details?Id=39
https://doi.org/10.7844/kirr.2018.27.2.68
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Status+of+Pyrometallurgical+Treatment+Technology+of+EAF+Dust&btnG=
http://koreascience.or.kr/article/JAKO201817241625828.page
https://doi.org/10.14445/23499362/IJIE-V1I1P104
https://www.internationaljournalssrg.org/IJIE/paper-details?Id=4
https://doi.org/10.1016/j.powtec.2005.05.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dust+formation+in+Electric+Arc+Furnace%3A+Birth+of+the+granule+s&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0032591005002202?via%3Dihub
https://doi.org/10.14445/23939206/IJGGS-V7I3P101
http://www.internationaljournalssrg.org/IJGGS/paper-details?Id=93
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Optimization+of+Hydrometallurgical+Process+for+Recovery+of+Zinc+from+Electric+Arc+Furnace+Dust%28Part+1+%3A+leaching+process%29&btnG=
https://koreascience.kr/article/JAKO201521839155949.pdf

