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 ABSTRACT 
 The steel production from Romania generates every year about 230,000 tons of wastes as powders and 
sludge containing 25-60% Fe but also important quantities of other metals like Zn (<15%) and Pb (<2%). They 
are also produced approximately 32% dusts (BF + EAF) and 68% sludge (BF and BOF). From this whole 
quantity, about 90.000 t/year is recovered and recycled inside the integrated flow, the balance being stored. 

As dusty wastes unrecicled in Romanian steel industry until now we can note: BOF fine sludge, blast 
furnace sludge and EAF dust. 
 The present work which is developed in the framework of a research program financed by the 
Romanian Government, regarding „The ecology of metal cycle” made an approach of this segment of dusty 
wastes that are not used yet, foccusing especially on the EAF dust. 
 We sampled on the EAF production flow representative samples (Resita steelshop). 
 The paper presents a synthesis on the main material characteristics established for this type of waste 
took into account of a rheological, physical-chemical and mineralogical nature. 
 The paper presents also the ways of technological testing that we inted to approach in the following 
stages in order to solve the problem of capitalisation for this kind of wastes. 
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1. Introduction 

 The Romanian steel industry is faced with phenomena of local or regional pollution having deleterious 
effects on a short or long term and became a problem that needs effective solutions on a short term. The 
Romanian Government launched a development program where the environment problems have an important 
place. The present paper aims to realise a technological project for recycling the EAF dust which for the moment 
is included in the pollutant waste group from steel industry without a solution. This waste represents from a 
quantitative point of view about 20 kg/ton of steel, and qualitatively is a carrier of Pb, Zn, Cd and has sub-
micron dimensions. It can not be recycled without a previous treatment. 

They are known many recycling methods for this dust: HRDC, ZTT Ferrolime, Laclede Steel, Super 
Detox, Ausmelt, MetWool, Enviroplas, AllMet, IBDR-ZIPP, Waelz kiln duplex (in optimised form the 
process is known as EOW-process), RHF- Rotary Hearth Furnace (Nippon Steel’s Kimitsu Works) etc. From all 
these processes some of them were successfully applied on an industrial scale. These are pyro and hydro-
metallurgical processes or mixed. The basic principle is heating and reduction of the dust „raw material”, 
followed by volatilisation and Zn and Pb caption as condense in secondary dusts with a much higher 
concentration (Zn over 50 %), which can be than used in non-ferrous or chemical industry.   

After reviewing all the types of solutions we can draw the following sequence of processes necessary 
depending on the type of  reactor or of the mixture : 

a) – Preparing mixture processes: dehydration, disintegration, drying, grading, dosing, wetting; 
b)- Granulation processes: crude pelletization, sintering, cold briquetting, drying, grading, return 

recycling; 
c) -  Thermal processes: heating, calcination, roasting, sintering, melting; 
d) - Reducing processes: volatilisation, reducing of non-ferrous metals oxides, decomposition of 

phases, iron metallization, vaporization of elements; 
e) - Recovering the non-ferrous elements processes: condesation, precipitation, separation by phase 

distribution (metal-slag) etc. 
 It is obvious the fact that the chemical-physical and rheological characteristics influence directly the 
development of above processes, and are decisive factors for the establishment of technological parameters. 
 
           

           Fig.1. Distribution of grading classes 
   
 

 

 
2. Determination of material characteristics 
 
The dusts sampled on the industrial flow from 

the electric furnace (Re� i�a, July – August 2006) have 
sub-micronic sizes, with average diameter of 0.583 � m 
and specific surface of 14.62 m2/cc, the uniformity 
coefficient being of 0.53. In layer porosity is of 84 – 85 
%. The dust real density is of  3,562 g/cc, and the bulk 
weight is 1,114 g/cc. 

The dusts are classified in the category of flying 
dusts impossible to be handled in dryed state.  

·  Grading 
The grading evaluation was made by a grade-

meter FRITSCH ANALYSETTE 22 type. The 
determined distribution of grading classes for EAF dust 
is presented in fig.1. The average diameter of grain: 0.5 – 
0.6 m. 

 
 
The pattern of grading curve is :   lny= a+bx+cx0,5, and dm = 0.5 – 0.6 � m.  
 
 
 
 



 
 

       ·  Morphology 
The study of samples as powders was made with a 

scanning electron microscope HITACHI model S-2600N 
equipped with energy dispersive X ray spectrometer ( 
EDAX). The sample morphology is pointed out by the images 
of scanning electron microscopy by images of secondary 
electrons (SEI) - fig  2 and by images of X ray distribution, 
respectively – fig. 3, a, b, suggesting the location of Fe, Mn, 
Zn, Pb, Si and K elements inside  the analysed micro-area. 

 
 

 
      
          

x 700 
Fig. 2. Structure of particles as clusters of EAF 
dust 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. a. X rays distribution  Fig. 3. b. Energy dispersive X rays spectrum  (EDAX) 
 

·  Chemistry 
 
 The average chemical composition of EAF dust samples collected between July – August 2006, 
determined by classical quantitative methods is emphasized in table 1.  
            
           Table 1 

Average chemical composition of EAF dust 
SiO2 CaO MgO Al2O3 Fe Mn Cr Cu 
4.34 8.43 2.95 0.35 36.82 3.43 0.35 0.26 

 
Ni Zn Pb Cd C S P PC 

0.0018 10.816 1.275 0.0415 1.42 0.68 0.14 4.69 
 
 
 ·  Identification of mineralogic compounds 
 

 By the X rays spectrometer it were made some fathoms to determine the chemical concentrations in 
view to study the reports between the main compounds of oxides. Based on these analytical fathoms, we 
established with approximation the main mineralogic compounds. The oxides found in the analysed particles are 
of type: ZnO - Fe2O3 - CaO - SiO2 – MnO - Al2O3 - PbO. 

In fig. 4 it is presented an example of such an analytical fathom made on particles of studied EAF dust. 



 
 

            ================================================================= 
            RESULT REPORT         X-RAY SPECTROMETRY WITH RONTEC WinTools 
            ================================================================= 
                RONTEC EDWIN WinTools         R    31.10.2006 (11:16) 
            ===============================   =============================== 
                  NT vers: 3.2 eng            Eo:20.0 keV  (TO:35.0  TI:66.0) 
                                 *** PUzaf results ***  
            elem/line____P/B______B_______F________c______c(100%) 
            Ca K-alpha @ 45.2     1.03906      1.02282     6.56      4.23  +- 0.56 
            Cr K-alpha      17.4     1.04936      1.08783     2.56      1.65  +- 0.39 
            Mn K-alpha    62.4      1.05166      1.04689     9.92      6.40  +- 1.05  
            Fe K-alpha    435.3     1.05387      1.04596    70.16     45.27  +- 5.80 
            Cu K-alpha     20.1      1.06001      1.05042     3.91      2.52  +- 0.81 
            Zn K-alpha    189.2     1.06192      1.04704    39.80     25.68  +- 4.56 
            Si K-ser   @    10.9      1.01883      1.00455      1.98      1.27  +- 0.27 
            Pb M-ser   @   45.9     1.02687      1.27009    11.53      7.44  +- 1.07 
            Cl K-ser   @    33.0     1.02986      1.00799      5.00      3.23  +- 0.42 
            K  K-alpha @  23.4     1.03616      1.01728      3.55      2.29  +- 0.41 
            --------------------------------------------------------------------------------- 
            standardless                        154.98    100.00     [2s] 
             
              Fig.4. Example of X – Ray analytical fathom 
 
 

The ratio of average values of base metals Zn and Fe is:  Zn/Fe = 0,567 
It is well known that there are different combinations of Zn and Fe oxides, among them the more 

frequent are:  
ZnO·FeO            Zn/Fe = 1,17   - Zincit 
ZnO·Fe2O3          Zn/Fe = 0,585 - Franklinit 
ZnO·2Fe2O3        Zn/Fe =  0,292 – � pinel 
 

   
By comparing the Zn/Fe ratios we can conclude that in case of analysed electrofilter dust the major 

mineralogic part is made of Franklinit.  It can be observed that the Zn concentration is much higher than those 
identified by classical quantitative analysis. 

 
 
·  Wetting kinetics 
 
The wetting kinetics for the EAF sample dust 

was determined by the classical method of water 
absorption in the material column. The maximum 
wetting capillary capacity of analysed dust was of 
0.120 gr/gr and the capillary pressure of 1.421x 10-5 
Mpa. The wetting curve presented in fig. 5 is in 
accordance to the Log-Normal pattern observed for all 
the dusty wastes. 

 
 
 
      

           
 
 

            Fig. 5. The wetting kinetics of EAF dust  
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3. Conclusions 
3.1. At the end of this stage the aim is to obtain a possible recycling solution of EAF dust, the 

processing of it (including the stage of Zn extraction) as metallised mini-pellets, compatible with the use in EAF 
charge. 

3.2. Aiming to determine the technology it was designed the principle scheme and were realised the first 
experiments on laboratory flow in view to study the processing technological parameters – fig. 6. 

 
 
 
 
 

 
 
 

 

 
 
 

 

 

 

 
 

 
 
    

Fig. 6. Principle technological scheme of laboratory flow 
 
 
3.3. The preliminary results emphasized the possibility to obtain some self-reducing pellets with 15 – 25 

% Cf (fixed carbon), reduced in the range of temperatures between 1000 - 1150
C and having different 
concentrations of metallic Fe – fig. 7.  



 W + Femet    Cf = 20 % Femet + W           Cf = 25 % 
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Fig. 7. Structures of self-reducing pellets with different metallic degrees 

 
 
It was obtained as well the Zn separation as crystall-dendritic needles, coloured in yellow with greenish 

shades (fig. 8) which appeared by vaporisation and condensation above the pellet layer inside the crucible 
introduced into furnace (fig. 9). 

 
 

Fig. 8. Zn crystallised as yellow needles 
 

 Fig.9. Ceramic crucibles with self-reducing pellets 
inside the furnace 

 
 
 

 

W + M   Cf  = 15 %
   


