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Abstract. Significant amounts of dust from the processing of cast iron in the furnace can be considered as by-products 

for the technological flow from the agglomeration, having an adequate chemical and structural composition. Blast 

furnace dust contains significant amounts of metals and non-metals that can be recovered by various processing 

methods. The transformation of these recyclable materials for reuse into metal producing units is essential not only for 

the conservation of mineral resources but also for the protection of the environment. This paper presents the chemical 

and mineralogical characterization of blast furnace dust resulting from the processing of cast iron, a useful analysis for 

this material to be reintroduced into the agglomeration process. From the obtained results it was found that the blast 

furnace dust contains significant amounts of SiO2 in fine granular form (<1 mm) which determines a fluidization of the 

slag resulting from the production of cast iron in the blast furnace, as well as the fact that it helps to form the binder 

phases in the agglomerate due to the fact that the powders have a high thermo-chemical activity that can be considered a 

first phase of formation of the initial liquid melt that triggers the reaction between melt and solid. 
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1. Introduction 

 

In metallurgical processes, blast furnace dust is a 

mixture of dust collected from the electrostatic 

precipitators that serve the blast furnace bunkers, from 

the blast furnace gas discharge chimney and from the 

blast furnace treatment plant with cyclone and dust 

bag. Blast furnace dust is a waste that can be used 

successfully in the agglomeration process due to its 

mineral content [1-5]. 

Large amounts of dust are generated in the 

metallurgical industry and studies show current 

concerns for finding new solutions to capitalize on this 

mineral-rich material. Determining the chemical 

composition of blast furnace dust is very important in 

order to identify valuable and unwanted elements, 

which are involved in the collection, transport and 

storage of waste, and to adapt recovery technologies 

[1]. Studies indicate that in the agglomeration process 

blast furnace dust can be used successfully if the 

optimal parameters for the technical laboratory 

equipment are established and if the method 

established by Dr. Fernand Claisse is applied [6]. The 

presence of Al2O3 is very important both in the 

structure of the agglomerate and in the structure of the 

materials that make up the batch because it has an 

essential role in the formation of SFCA (complex 

ferrites of calcium, aluminium and silicon). Research 

has shown that SFCA does not form at 1275°C if 

Al2O3 is below 1%.  

For a constant SiO2 content and a known basicity 

index, Al2O3 initiates the formation of complex 

aluminium ferrites (SFCA) and stabilizes them, and 

the stability increases with increasing temperature and 

Al2O3 content [2]. Studies by some researchers have 

shown that to improve the fluidity of slag and reduce 

the silicon content of cast iron, materials containing 

SiO2 in fine granular form (<1 mm) can be introduced 

into the sintering mixture, this granulation being much 

more accepted because the silica with high granulation 

in some ores does not react during sintering, this being 

found in the ferrous agglomeration [2-5]. The 

properties of an agglomerate are conditioned not only 

by the mass of assimilated ore but also by the bonding 

phases and the chemical composition of the raw and 

secondary materials. As the binder phases reach about 

80% of the total volume of the agglomerate, and of 

these 50% represent the complex phases of SFCA, it 

can be deduced that the furnace powders, once 

introduced in the formation of the stack and the batch, 

respectively, have a significant influence on the 

quality of the agglomerate by forming the phases in 

the agglomerate. Our study presents the chemical 

analysis of the composition of the blast furnace dust 

and the structural and morphological characterization, 

as well as the changes obtained by the melting process. 

By knowing the chemical composition, it is 

possible to choose the process and technology of 

recovery (recycling) that makes it possible to transfer 

blast furnace dust from the category of waste to the 

category of by-products or secondary raw materials. 

 

2. Experiment 

 

Dust samples were taken from the furnace 

bunkers in the amount of 500 g, samples that were 

well homogenized and, at the same time, aliquot 

samples were performed in numbers of 5 to 1 g each. 

Equal quantities of the samples taken were 

subjected to the agglomeration process in an infrared 

(IR) combustion furnace - type VULCAN - Fusion 

Technology, using the melting method according to 

the fusion technique established by Dr. Fernand 

Claisse [6]. The process of processing samples in the 

combustion furnace is similar to the sintering process 

in the agglomeration machine. Semi-quantitative 

analysis of the compounds in the samples was 

performed using a binder - lithium tetraborate in an 

amount 10 times higher than the amount of sample 

used. 

Elemental X-ray fluorescence (XRF) analysis 

was used to determine the chemical composition of the 

samples on a Brucker S8 Tiger X-ray fluorescence 

spectrometer and the structural analysis using the 

Panalytical X’Pert modular system PRO-Materials 

Research Diffractometers (MRD) diffractometer, 

devices belonging to the Center for Ecometallurgical 

Research and Expertise within the Politehnica 

University of Bucharest). 

The morphological analysis was performed using 

the scanning electron microscopy (SEM) technique at 

the Quanta Inspect F scanning electron microscope 

(University of Galati). 

 

3. Results and discussion 

 

The blast furnace dust taken to determine the 

chemical, morphological and structural composition 

was analyzed and processed by melting, according to 

the fusion technique established by Dr. Fernand 

Claisse [6]. Technology schema of the recovery of 

blast furnace into ferrous agglomerate is shown in 

schema 1. 

 

 
 

Schema 1. Technology of recovery of blast furnace dust 
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3.1. Compositional analysis 

 

Knowledge of the chemical composition is 

important in the agglomeration process for the 

subsequent recovery of the resulting material [7-10]. 

In the histogram of Fig. 1 shows the semi-

quantitative percentage analysis of the important 

compounds in the blast furnace dust sample. 

 

 
 

Fig. 1. Semi-quantitative percentage analysis of blast furnace 

dust 

 

To obtain an agglomerate with high reducibility 

and high mechanical strength, the batch must contain 

at least 2-3% of Al2O3, which demonstrates that the 

contribution of blast furnace dust is significantly 

profitable because they are raw materials obtained 

from the internal technological flow and have a high 

content of Al2O3, as shown in Tab. 1. The indexing of 

the diffractogram obtained on the sample from the 

blast furnace dust reveals 5 chemical phases, in a high 

percentage of 74% being Mg0,57Fe00,43)2(Al4Si5O18), 

and Al2O3 is in a percentage of 5% [8]. 

 
Table 1. Analysis of distinct phases in blast furnace dust 

 

To identify the elements in the composition, both 

for the blast furnace dust and for the ferrous 

agglomerate sample, the elemental analysis by X-ray 

fluorescence was performed. (Tab. 2).  

 Metallic elements are present in both analyzed 

samples, generally with the modification of the 

percentages in the chemical composition. 

Iron is higher in quantity, and about 2 times 

higher in ferrous agglomerate (71.22%) compared to 

blast furnace dust (34.11%). 

Calcium and silicon showed a slight increase of 

2.33% for calcium and 0.15% for silicon, respectively. 

The other identified elements, such as Al, Mn, P, 

K, Ti, S, Zn, Cr and Cu, are in smaller quantities in the 

resulting ferrous agglomerate compared to the blast 

furnace dust. Zn and Cr are about 10 times higher in 

blast furnace dust compared to ferrous agglomerate. 

 
Table 2. Elemental composition of blast furnace dust and 

ferrous agglomerate 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

3.2. Determining the compositional phases 

 

An important stage in the analysis of the 

materials used for recovery is the mineralogical 

analysis, because the component elements of the 

materials used in the agglomeration process can be 

combined into several minerals with different 

crystalline structures that can interact with each 

other, preventing or accentuating the formation of 

carbonates following the agglomeration process [9 - 

14]. 

The components of blast furnace dust are 

grouped into different types of minerals, some can 

form carbonates (CaO and MgO) and others require 

high temperature and pressure conditions (e.g. 

(Mg0,57Fe0,43)2(Al4Si5O18) as well as various minerals 

that do not form carbonates as a result of the melting / 

sintering process (e.g. SiO2). The resulting minerals in 

the samples and their behavior as a result of the 

sintering process can be determined by X-ray 

diffraction analysis, followed by quantitative analysis 

of minerals. Figure 3 shows the diffractograms 

obtained for the two samples, the blast furnace dust 

and the ferrous agglomerate sample. 

 

Chemical 

phase 

Crystal 

structure 

2θ 

(max.) 

% 

1.Mg0,57Fe

0,43)2(Al4Si

5O18)  

tetraluminate -tectopentasilicate of iron and 

magnesium 

orthorhom

bic 

10.420 74 

2.Fe2O3 

hematite 

rhombohed

ral 

33.180 9 

3.SiO2  

silicon 

oxide 

hexagonal 26.410 8 

4.Al2O3 

aluminum 

oxide 

orthorhom

bic 

51.880 5 

5. Ca 

calcium 

hexagonal 29.210 4 

Chemical 

element 

Blast furnace 

dust (%) 

Agglomerate 

ferrous (%) 

Fe 34.11 71.22 

Ca 7.44 9.77 

Si 5.07 5.15 

Mg 1.96 1.79 

Al 1.60 0.94 

Mn 0.99 0.35 

P 0.71 0.19 

K 0.41 0.08 

S 0.33 0.06 

Ti 0.20 0.05 

Zn 0.19 0.02 

Cr 0.18 0.02 

Cu 0.13 76 ppm 
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Fig. 2. X-ray diffractogram for blast furnace dust and ferrous  

agglomerate samples 

 

Different mineralogical changes can be observed 

that occur as a result of the agglomeration process, 

more important being the change up to 500 (2θ). 

The first region is attributed to the amorphous 

state, the presence of SiO2, but which is observed only 

in the composition of the blast furnace dust. SiO2 is in 

fine granular form (<1 mm) which determines a 

fluidization of the slag resulting from the production 

of cast iron in the blast furnace. The following region 

provides details about the proportion of iron-based 

minerals and metal oxides where one can easily 

observe the large difference between the amount of 

iron present in the ferrous agglomerate compared to 

that present in the furnace dust. 

The last region includes component mineral 

phases whose quantity is negligible and unimportant 

for the purpose of our research.  

 

3.3. Morphological analysis 

 

The structural changes suffered by the materials 

subjected to different melting processes can be 

highlighted by morphological analysis using scanning 

electron microscopy (SEM) [10]. 

Samples of blast furnace dust and those 

resulting from the melting process were examined 

without the need for special preparation. For an 

overview of the component particles, magnifications 

of 1000X and 2000X were used. 

 

 

 
 

 
 
Fig. 3. SEM images - Morphology of the blast furnace dust  

 

From the morphological analysis of blast furnace 

dust and ferrous agglomerate, several aspects can be 

highlighted, namely the blast furnace dust samples 

belong to the layer of fine, adherent particles 

characterized as having the highest thermo-chemical 

activity in the melting process. 

This characteristic can be considered as a first 

phase of formation of the initial liquid melt which 

triggers the reaction between the melt and the solid. 

Fig. 4 shows the morphology of the ferrous 

agglomerate sample at the same magnifications as for 

the blast furnace dust sample represented in Fig. 3. 

The SEM images show a different shape of the 

component particles, larger granular particles in the 

blast furnace dust compared to those in the ferrous 

agglomerate sample. 

At the same time, there was an obvious 

difference between the agglomerate and the blast 

furnace dust by the number of larger particles in the 

case of the agglomerate. Also, another notable 

difference is the shape of the particle edges of the 

components for the agglomerate, which are sharper 

than in the blast furnace dust samples. 
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Fig. 4. SEM images - Morphology of the ferrous 

agglomerate  

 

4. Conclusions 

 

Samples of blast furnace dust and ferrous 

agglomerate were analyzed to highlight the role and 

importance of distinct elements in the melting / 

sintering process. Five chemical phases were 

confirmed in the blast furnace dust sample in which 

the presence of Al2O3 is higher than 2-3% which leads 

to the formation of complex ferrite of calcium, 

aluminium and silicon during the sintering process 

from the agglomeration machine.  

Iron is the metal with the highest presence in 

blast furnace dust and with double value in ferrous 

agglomerate. The structural analysis confirms the 

differences in the sample of ferrous agglomerate and 

the sample of blast furnace dust with the contribution 

of SiO2 which is mainly found in blast furnace dust. 

The obtained results confirm the usefulness of 

blast furnace dust as a by-product in obtaining the 

ferrous agglomerate, to limit it considering as waste. 
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