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ABSTRACT 
 
In order to make a complete characterization of ladle furnace slag (LF slag, LFS), as 
nonhazardous industrial waste, and to solve its permanent disposal and/or recovery, 
bearing in mind both the volumes formed in the Croatian steel industry and 
experiences of developed industrial countries, a study of its properties was 
undertaken. 
For this purpose, samples of ladle furnace slag, taken from the regular production 
process in the CMC Sisak d.o.o. between October 2010 and October 2011, were 
subjected to a series of tests. 
The chemical composition of ladle furnace slag samples was investigated by means 
of a several different analytical methods. The results from the chemical analysis show 
that the approximate order of abundance of major components in ladle furnace slag 
is as follows: CaO, SiO2, Al2O3, MgO, FeO, MnO, Cr2O3, P2O5, TiO2, K2O and Na2O. 
The investigation of the mineralogical and micro structural composition of LF slags 
was taken by combination of X-Ray Diffraction Analysis (X-RDA) and Scanning 
Electron Microscopy (SEM), coupled with Energy Dispersive Spectroscopy 
(EDS).The results of the X-ray diffraction phase analysis show that the basis of the 
examined ladle furnace slag samples is made of a mixture of metal oxides, silicates 
and aluminates.  
The metal concentration, anions, pH value and conductivity in water eluates was 
determined in order to define the influence of ladle furnace slag on the environment. 
The final results showed that the ladle furnace slag does not contain constituent 
which might in any way affect the environment harmfully. 
The activity concentrations of 226Ra, 232Th and 40K in ladle furnace slag were 

measured by  spectrometric method using gamma-ray spectrometer with HPGe 
detector. The presence of radio nuclides and their activity showed that the analyzed 
slag can be used as supplement in the production of construction materials or as 
aggregate in road construction. 
 
Key words: ladle furnace slag, mineralogical, chemical, radiochemical 
characterization
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INTRODUCTION 
 

Slag is by-product formed in smelting, and other metallurgical and combustion 
processes from impurities in the metals or ores being treated. During smelting or 
refining slag floats on the surface of the molten metal, protecting it from oxidation or 
reduction by the atmosphere and keeping it clean. Generating of steel slag is an 
important step in the steel making process because during this process, substances 
that are unwanted in the steel are removed by forming complex metallic and 
nonmetallic oxides and silicates [1 - 5].The composition and properties of 
steelmaking slags depend on the kind of steel-making process and/or on the type of 
steel. Steel slags are mostly formed in the process of remelting steel scrap in an EAF 
– this is the so-called black slag. Small amounts of steel slags are also produced in 
the processes of secondary metallurgy in a ladle furnace or vacuum oxygen 
decarburization furnace – this is the so-called white slag [6]. White slag is also 
produced in an EAF during the production of stainless steels. They differ from one 
another in terms of chemical and especially mineral composition and consequently in 
their properties and their possibilities for use. 
In the first stage a black slag is produced during a process of melting steel scrap in 
an EAF by the addition of slag formers. After completion of the primary steelmaking 
operations, steel produced by the EAF processes goes through refining processes by 
secondary steelmaking operations (desulfurization, degassing of oxygen, nitrogen, 
and hydrogen, removal of impurities, and final decarburization) to obtain the desired 
chemical composition. In these processes ferroalloys are added to the liquid metal in 
order to obtain the desired steel grade, and together with some additives (e.g. lime) 
basic slags are formed. Hence, the chemical composition of ladle slag is highly 
dependent on the grade of steel produced. 
Because slag is not a mined raw material and production data for the world are 
unavailable, annual world steel slag output is estimation based on typical ratios of 
slag to crude steel output.  From this reason in recent years, some data for slag have 
shown discrepancies related to tonnages. Few data are available on the actual 
annual production of steel slag because not all of the slag is tapped during a heat, 
and the amount of slag tapped is not routinely measured. However, both European 
and world production of ferrous slag can be broadly estimated, based on typical slag 
to metal production ratios, which in turn are related to the chemistry of the ferrous 
feeds to the furnaces.  
In the period 2000 - 2010 level of crude steel production was from 850 to1413 million 
tones/y [7, 8]. If we take on to assumption that there is about 10 - 80 kg of ladle 
furnace slag on 1000 kg of crude steel we obtained 8.5 – 113 million tones/y of ladle 
furnace slag in period 2000 - 2010 if we calculate based on literature for statistical 
purpose [9]. In the same period level of crude steel production in EU 27 was 139 - 
210 million tones/y [7, 8] and if we take on to assumption the same calculation we 
obtained 1,4 – 16,7 million tones/y of ladle furnace slag.  
The rate of land filling or recycling varies in the different EU Member States 
depending on legal requirements, availability of landfills, taxes, market situation, 
costs and possibilities to reuse processed slags. In the EU, a growing amount of 
slags from carbon and low alloyed steelmaking are used as secondary raw materials, 
mainly for road construction and for infrastructural measures in several applications. 
CMC Sisak d.o.o. steel mill has ladle furnace refining stations for secondary 
metallurgical processes. Knowledge of the chemical, mineralogical, morphological 
and toxicological properties of steel slags is essential because their physical, 

http://encyclopedia2.thefreedictionary.com/smelting
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chemical and mechanical properties, which play a key role in their utilization, are 
closely linked to these properties.  
Collecting of ladle furnace slag and its land filling is just a partial solution to the 
emission problem, whereas the volumes of the produced slag as well as its chemical 
composition point to the necessity to define and apply integral solutions for its 
complete and final utilization.  
This paper presents the results of testing basic mineralogical and chemical 
characteristics of ladle furnace slag with the purpose of its characterization as the 
type of waste, i.e. by-product of electric arc furnace processes of producing carbon 
steel intended for utilization in other industries, especially in civil engineering. 
 
 
 

MATERIALS AND METHODS 
 
The testing has been conducted on ladle furnace slag generated (15 - 20 kg/t liquid 
steel) during the production of carbon steel in 2010 by EAF process in Steel Mill of 
CMC Sisak d.o.o., Croatia. Liquid LF slag was, after being poured out of the ladle 
furnace cooled in the air, after which it was subjected to the following procedures: 
crushing, magnetic separation in order to remove leftover particles of the cooled steel 
melt, milling and sieving. The twelve samples were dried at 378 K in a temperature-
controlled furnace until there was no delectable change in the mass of the sample, 
transferred to glass bottles with ground cap, and marked. In this way an average 
specimens of ladle furnace slag were created.  
Chemical composition of the ladle furnace slag has been determined using Energy 
Dispersive Spectrometry (EDS). 
Ladle furnace slag samples were prepared for EDS analysis as follows: 4 grams of 
each powdered sample (particle size less than 0.071 mm in diameter) was pressed 
into pellets of 20 mm in diameter (15 tons pressure, 30 s dwelling time). No binder 
material was applied. The samples were placed in standard sample holders and 
loaded into the spectrometer.  
Samples were irradiated by X-rays generated from a Mo tube (maximum high 
voltage: 40 kV; maximum current: 900 μA). In order to reduce background, filters 
were used between the source and the sample. Detection of characteristic X-ray 
radiation from the sample was conducted with a Si drift detector model SXD15C -150 
- 500 (Canberra, Meriden, USA). Active surface was: 15 mm2; FWHM for 5.9 keV 
55Fe: 145 eV; Window: 13 μm Be; cooling: thermo-electrical (peltier)). The incident 
and emerging angles were 45°. Spectral data were analyzed by WinAxil software 
(Canberra, Meriden, USA). Calibration model for quantitative analyses of LF slag was 
created on the basis of measurements of the following standard reference materials: 
BCS 174/2-Basic slag i BCS 382-Basic slag.  
Ladle furnace slag samples for determination of free CaO were prepared by crushing 
and milling of material with a granulation of less than 0.063 mm. Analysis has been 
performed in accordance with SIST EN 451-1:2004. 
Bulk mineralogical composition was determined via X-Ray Powder Diffraction (XRD) 
using a Philips PW3710 X-ray diffractometer equipped with CuKα radiation and a 
graphite monochromator. Data were collected at 40 kV and 30mA in the range 2 – 
70° 2θ, with a scanning speed of 3.4°/min. All samples were crushed in an agate 
mortar to a particle size of less than 25 μm prior to XRD analysis.  
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Micro texture of the LF slag and chemical composition of individual grains of the LF 
slag were examined using the back-scattered electron (BSE) image mode of low 
vacuum Scanning Electron Microscopy (SEM) and the Energy Dispersive X-Ray 
technique (EDS), on a JEOL 5500 LV SEM. 
The grains of LF slag were impregnated with epoxy resin and then grinded with SiC 
and polished with diamond pastes of different gradations. In order to prevent the 
hydration of some of the minerals in the LF slag, ethanol was used for the 
preparation of samples. 
DIN38414-S4 leachate was prepared by mixing the samples with deionized distilled 
water for 24 h on a rotary shaker (3 rpm). Solid/liquid ratio was 1:10. The test was 
carried out at room temperature. The suspended solid matter was removed from the 
liquid phase by filtration through a glass fiber filter. 

The presence of radionuclides and their activity was determined by -spectrometry. 

For -spectrometric analysis the samples of ladle furnace slag were dried, 
homogenized, placed into standard counting vessels of 125 cm3 and weighed. The 
loaded vessels were sealed and stored for at least 4 weeks to allow the in-growth of 
gaseous 222Rn (3,8 day half-life) and its short-lived decay products to equilibrate with 
the long-lived 226Ra precursor in the sample. At the end of the in-growth period, the 
samples were counted. 
The activity concentrations of 226Ra, 232Th and 40K in the examined samples were 
determined by gamma-ray spectrometry, using a low background hyper pure 
germanium semiconductor detector system coupled to 8192-channel CANBERRA 
analyzer.  
Depending on sample mass and activity, spectra were recorded for times ranging 
80,000 - 200,000 seconds, and analyzed using the GENIE 2K CANBERRA software. 
Activities of 226Ra were calculated from the 609.4 keV-peak of its 214Bi progeny. 
Activities of 232Th were calculated over 228Ra from the 911.1 keV-peak of its 228Ac 
progeny. Activities of 40K were calculated from the 1460.7 keV-peak. Samples were 
irradiated by X-rays generated from a Mo tube (maximum high voltage: 40 kV; 
maximum current: 900 μA). In order to reduce background, filters were used between 
the source and the sample. Detection of characteristic X-ray radiation from the 
sample was conducted with a Si drift detector model SXD15C-150-500 (Canberra, 
Meriden, USA). Active surface was: 15 mm2; FWHM for 5.9 keV 55Fe: 145 eV; 
Window: 13 μmBe; cooling: thermo-electrical (peltier)). The incident and emerging 
angles were 45°. Spectral data were analyzed by WinAxil software (Canberra, 
Meriden, USA).  
 
 
 
RESULTS AND DISCUSSION 
 
 
Chemical composition 
 
Generally, the main LF slag components are following oxides: CaO, SiO2, Al2O3 and 
MgO. On the basis of data from previously published work on the chemical 
composition of ladle slag [10 - 20], one can reach the conclusion that the 
representation of certain oxides ranges within comparatively broad limitations, which, 
of course, is the consequence of the quality of the steel produced, i.e. the quality and 
composition of added additives as well as other technological parameters. 
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Available literature data [10 - 20] shows typical chemical composition of ladle slag. 
Thus, CaO ranges from 30 to 60 %, SiO2 (2 – 35 %), Al2O3 (4.1 – 35.76 %), MgO (1 – 
12.6 %), FeO (0 – 15 %), MnO (0 – 5 %), Cr2O3 (0.03–0.37 %), P2O5 (0 – 0.4 %), 
TiO2 (0.2 – 0.9 %), K2O (0.01 – 0.02 %) and Na2O (0.06 – 0.07 %).  
Analyses of investigated slag by EDS have determined that CaO content was 19.02 
to 51,34 %, SiO2 (11.30 – 30.10 %), Al2O3 (8.54 – 15.18 %), MgO (7.66 – 18.84 %), 
FeO (1.17 – 7.45 %), MnO (0.22 – 1.34 %), Cr2O3 (0.04 – 0.92 %), P2O5 (1.52 – 3.0 
%), TiO2 (0.08 – 0.22 %), K2O (0.19 – 1.68 %) and Na2O (0.38 – 0.56 %).  
The obtained results of the chemical composition of the LF slag samples in this study 
were consistent with the results of oxide concentrations in the same materials from 
earlier study carried out by other authors [4, 10 - 20].  
 
 

Determination of free CaO  
 
In terms of the chemical composition of the steel slag, and especially if it is regarded 
as material which could also be applied in the construction industry, a vital parameter 
is the amount of free oxides of calcium and magnesium. More precisely, the 
constituent amount of free lime is one of the most significant parameters when 
estimating the possibility of using steel slag in the construction industry, and it is 
reflected in the so-called volume stability.  

According Shi et al [21] the free lime in steel slag comes from two sources: 
residual free lime from the raw material and precipitated lime from the molten slag. In 
his book Shi discuss relationship between residual free lime, precipitated lime and 
total free lime content. When the total free lime content in steel slag is less than 4%, 
it mainly comes from precipitation of lime from molten slag. When the total free lime 
content is more than 4%, the precipitated lime does not change much with total free 
lime content and the free lime is mainly attributed to the residual lime.  

During steel treatment on ladle furnace in CMC Sisak d.o.o. steel mill basic slag 
forming additives are added, namely lime, ferroalloys, Al-granules and bauxite. For 
evaluation of optimal allowance of above mentioned additives contents of free lime 
were determined. The results of analyzed ladle slag has showed that free CaO 
contents were from < 0.02 to 4.60 %. At the beginning of the monitored period the 
content of free lime in sample LFS 1 was 4.60 % i.e. free lime content shows 
evidence of redundant quantity of added lime. Other obtained results showed the 
values from 2.85 to 1.0 % or less than 1.0 % of free lime, Table 1, and these contents 
comes from precipitation of lime from molten slag. 

The contents of free lime present in the LF slag samples tested in this study are 
within the ranges reported by other researchers [10 - 20].  
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                    Table 1. Free CaO content in ladle furnace slags 
 

 
Sample 

 
Free CaO (wt. %) 

LFS 1 4.60 

LFS 2 1.00 

LFS 3 0.67 

LFS 4 0.04 

LFS 5 < 0.02 

LFS 6 < 0.02 

LFS 7 < 0.02 

LFS 8 2.18 

LFS 9 2.27 

LFS 10 2.85 

LFS 11 1.95 

LFS 12 3.37 

 
 

Mineralogical and micro structural analysis of ladle furnace slag X-Ray 
diffraction analysis of ladle furnace slag 

 

The following mineralogical components resulted from X-Ray diffraction analysis of 

LFslag: mayenite (12CaO·7Al2O3, Ca12Al14O33, C12A7),larnite (β-2CaO·SiO2, β-

Ca2SiO4), periclase (MgO), gehlenite (2CaO·Al2O3·SiO2, Ca2Al2SiO7), tricalcium 

aluminate (3CaO·Al2O3, Ca3Al2O6, C3A) and shanonite (γ-2CaO·SiO2, γ-Ca2SiO4).X-

ray powder diffraction pattern is presented in Figure 1. 

 

 

Figure 1. XRD pattern of investigated ladle furnace slag 
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The results of X-Ray diffraction analysis in investigated LF slag were compared with 
the results of X-Ray diffraction analysis in the same materials published before, and 
identified mineralogical components were consistent with the components identified 
in the ladle slag samples from earlier study carried out by other authors [10, 12, 15, 
16, 19 - 24]. According to Bonetti et al [22] CaO is the main component in the 
polymorphic forms of dicalcium silicate (2CaO·SiO2, Ca2SiO4, C2S), tricalcium silicate 
(3CaO·SiO2, Ca3SiO5, C3S) and other components, as 3CaO·MgO·3SiO2, 
54CaO·MgO·Al2O3·16SiO2, 11CaO·7Al2O3·CaF2, CaF2, free CaO. 
 
 
Scanning Electron Microscopy of ladle furnace slag 
 
The SEM microimage of the ladle furnace slag is shown in Figure 2. The grains are 
sharp-edged, partly dense, partly porous. The porosity is of two types: on the one 
hand there are isolated round-shaped pores, with sizes up to 100 μm, whereas on 
the other hand there is a system of capillary porosity and cracks. The cracks occur 
mainly on the periphery of the grains, and are parallel with the edges of the grains. In 
individual cases the cracks cut across the grains and form a network (Figure 3). 
 

 
 

Figure 2. Scanning electron micrograph (SEM) of the ladle furnace slag 
 

 
 

Figure 3. Scanning electron micrograph (SEM) of the cracks on the periphery of 
grain sand/or parallel with the edges of the grains 
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The predominant mineral phases in the ladle furnace slag are: mayenite 
(12CaO·7Al2O3, Ca12Al14O33, C12A7), larnite (β-2CaO·SiO2, β-Ca2SiO4) and periclase 
(MgO). The mayenite is xenomorphic and fills the space between the grains of 
larnite, which occur mainly as idiomorphic lamellar grains (Figure 4). 
 

 
 

Figure 4. Scanning electron micrograph (SEM) – mayenite (M), larnite (L) 
and periclase (P) 

 

The periclase occurs non-uniformly, partly as lenses (with sizes of up to 200 μm) in 
grains, which are mainly made of mayenite and larnite, and partly as separate grains 
(Figures 5 and 6). 
 

 
 

Figure 5. Scanning electron micrograph (SEM) – periclase (P) as separate grains 
and as lenses in grains 
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Figure 6. Scanning electron micrograph (SEM) – periclase as inclusions 
in mayenite/larnite matrix 

 

According to the X-ray diffraction analysis there is not much shannonite (γ-
2CaO·SiO2, γ-Ca2SiO4), but it is not possible to differentiate it microscopically 
explicitly from the larnite. Tricalcium aluminate (3CaO·Al2O3, Ca3Al2O6, C3A) occurs 
only in individual grains, as idiomorphic rounded grains, with sizes up to 10 μm, in the 
basic mayenite mass (Figure 7). 
 

 
 

Figure 7. Scanning electron micrograph (SEM) - tricalcium aluminate (C3A) inclusions 
in mayenite (M) 

 

There is very little gehlenite (2CaO·Al2O3·SiO2, Ca2Al2SiO7), which occurs non-
uniformly, in a few grains as lenses of irregular shape, and in sizes of up to 50 μm 
(Figure 8). 
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Figure 8. Scanning electron micrograph (SEM) – gehlenite (G) 
 

 

 

Environmental impact 
 
It is of vital importance to be familiar with the technical significance of the secondary 
application of waste materials, but also with their possible environmental effects 
because some waste materials might contain increased concentrations of 
substances harmful to human health or the environment, especially to the water [25 - 
27]. The environmental conformity of the ladle furnace slags has been investigated 
for years, which is normally to be judged by the leachability of the slags. Due to the 
very low solubility of the most mineral phases of the LF slags in water, the LF slags 
do not affect the environment. 
All the methods, procedures, determination tests and eco-toxicity reviews used 
nowadays have been developed from the earliest method of eluating by distilled 
water according to the norm DIN 38414-S4 (German standard methods for the 
estimation of water, waste water and sludges, soils and sediments-group S, 1984), 
where the solid-liquid ratio is 1/10, and the period of mixing is 24 hours. 
Average ladle furnace slag specimen was tested in authorized laboratory, and with 
the purpose of determining physical and chemical characteristics of slag waste for 
permanent disposal, according to valid Croatian regulations [28]. The final results of 
determining physical and chemical characteristics of the eluate, presented in Table 2, 
show that LF slag satisfies the prescribed conditions according to which it is allowed 
to permanently dispose of it at disposal sites of categories I and II.  
 

 

 

 

 



 

 364 

Table 2. Results of measuring parameter values of ladle furnaceslag (average 
sample) eluate intended for permanent disposal according to Croatian Regulations 

for waste disposal [28] 
 

Parameters 
 

Method 

mg/kg of dry substance 

Limiting 
value of 
eluate 

parameter 
*L/S = 10 

L/kg 

Measured 
value of 
eluate 

parameter 

Arsenic / As HRN EN ISO 11969:1996 2 < 0.001 

Barium / Ba DIN 38406-28 100 5.92 

Cadmium / Cd DIN ISO 8288:1998 1 0.002 

Total chromium/Cr HRNEN 1233:1998 10 0.15 

Copper / Cu HRN ISO 8288:1998 50 0.07 

Mercury / Hg HRN EN 1483:1997 0.2 < 0.001 

Molybdenum / Mo US Standard Methods 3111D 10 < 0.01 

Nickel /Ni  HRN ISO 8288:1998 10 0.04 

Lead / Pb HRN ISO 8288:1998 10 < 0.01 

Antimony / Sb DIN 38405-32-2 0.7 < 0.01 

Selenium / Se HRN ISO 9965:2001 0.5 < 0.01 

Zink / Zn HRN ISO 8288:1998 50 0.03 

Chlorides / Cl- HRN ISO 9297:1998 15000 63 

Fluoride / F- HRN ISO 10359:1998 150 < 1 

Sulphates / SO4
2- HRN EN ISO 10304-1:1998 20000 10 

Dissolved org. carbon 
– DOC / C 

HRN EN 1484:2002 800 36 

Total dissolved 
substances 

HRN EN 15216:2008 60000 9800 

     *L/S=liquid/solid 
 
 

Determining activities of 40K, 232Th, 226Ra  
 
Data from previous works [29 - 32] indicate the appearance of radio nuclides in the 
waste from steel production processes, and the most common radio nuclides are the 
following: 137Cs, 60Co, 226Ra, 192Ir, 241Am, 232Th and 90Sr, which are during the 
technological process of steel production distributed among the melt, slag and 
electric furnace dust, depending on their chemical and physical properties [29, 30]. In 
line with the said, and according to valid Croatian regulations [33], in order for the 
ladle furnace slag to be used as supplement in the production of construction 
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material, it is essential to be familiar with the composition and amount of radio 

nuclides in such a material, which is exactly why it was exposed to a -spectrometric 
analysis. Quantity determination, i.e. calculating the activity of particular radio 

nuclides was done on a specimen of ladle furnace slag by applying a -spectrometric 
method.  
Table 3 shows results of measured activity concentration with measurement 
uncertainty ofradionuclides in LF slag and the measured values regarding presence 
of individual isotopes and their activity were as follows: 40K from < 13.5 Bqkg-1 
(sample LFS 4) to 19.1 Bqkg-1 (LFS 9); 232Th from 3.48 Bqkg-1 (LFS 1) to 12.2 Bqkg-1 
(LFS 6) and 226Ra from 22.8 Bqkg-1 (LFS 5) to 35.2 Bqkg-1 (LFS 7).  
 

            Table 3. Results of -spectrometric analysis of the ladle furnace slag samples 

 

Sample 
 

Activity concentration (Bqkg-1) 

40K 232Th 226Ra 

LFS 1 < 15.1 3.48 ± 1.7 30.1 ± 3.7 

LFS 2 18.6 ± 10.8 3.95 ± 1.7 29.0 ± 3.6 

LFS 3 < 13.7 6.06 ± 2.2 28.4 ± 3.5 

LFS 4 < 13.5 6.03 ± 1.9 24.6 ± 3.1 

LFS 5 < 15.6 3.78 ± 1.7 22.8 ± 3.1 

LFS 6 < 15.6 12.2 ± 2.8 26.4 ± 3.4 

LFS 7 17.3 ± 10.3 11.1 ± 3.1 35.2 ± 4.5 

LFS 8 <16.2 3.90 ± 1.85 23.4 ± 3.19 

LFS 9 19.1 ± 9.41 5.74 ± 3.01 28.2 ± 3.54 

LFS 10 < 16.2 4.75 ± 2.03 26.4 ± 3.49 

LFS 11 < 18.7 6.95 ± 2.69 28.4 ± 3.78 

LFS 12 < 19.0 5.06 ± 2.32 27.1 ± 3.72 
 

The obtained results of measured activity concentration were consistent with the 
results of activity equivalent concentrations of the same radionuclides in the same 
materials from earlier study carried out by other authors [34]. S. Brown [34] studied 
the radiochemical characteristics of slags from steelmaking in Australasia and the 
results for 226Ra, 232Th and 40K in ladle furnace slag were from 11 to 25 Bqkg-1, < 10 
to 18 Bqkg-1 and < 30 Bqkg-1 respectively. 
The recently published European Commission document [35] provides guidance for 
setting controls on the radioactivity of building materials in European countries. This 
document is the first comprehensive act which sets the principles of radiological 
protection principles concerning the natural radioactivity of building materials and it is 
relevant for newly produced building materials and not intended to be applied to 
existing buildings. Because steel slags can be used for many industrial purposes, 
especially as raw material in the numerous building applications, it is essential to 
fulfill the very often prescribed values of Croatian maximum limit radioactivity of 
building material [33], which should not exceed the following concentration of 
activities: 300 Bqkg-1 for 226Ra, 200 Bqkg-1 for 232Th and 3000 Bqkg-1 for 40K. From 
the radiological point of view, the maximum value of the activity index (I1) for house 
building material must be as follows: 
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               I1 = (CRa/300) + (CTh/200) + (CK/3000);  I1≤ 1                             (1) 
 
where CRa, CTh and CK are the concentrations of appropriate radionuclides in Bqkg-1. 
If the activity index I1is 1 or less than 1, the steel slag can be used in bulk amounts as 
building material, as far as the radioactivity is concerned, without restriction. 
According to the calculated values of radioactive pollution in the analysed ladle 
furnace slag we reach the conclusion that the analysed slag can be used as 
supplement in the production of construction materials, because the calculated index 
values of present radionuclides were <1 i.e. smaller than the maximum allowed limit.  
 

 

 

CONCLUSIONS 
 
On the basis of testing mineralogical, chemical, and radiochemical characteristics of 
ladle furnace slag created as by-product during the low carbon steel production in the 
steel mill of CMC Sisak d.o.o., Croatia, and with the purpose of determining its 
suitability for use as raw material in other industry, it has been concluded that: 
 
- mayenite (12CaO·7Al2O3, Ca12Al14O33, C12A7), larnite (β-2CaO·SiO2, β-Ca2SiO3), 

periclase (MgO), gehlenite (2CaO·Al2O3·SiO2, Ca2Al2SiO7), tricalcium aluminate 
(3CaO·Al2O3, Ca3Al2O4, C3A) and shanonite (γ-2CaO·SiO2, γ-Ca2SiO4) are the 
most highly represented mineral phases. The results of X-Ray diffraction analysis 
in investigated ladle slag were consistent with the components identified in the 
ladle slag samples from earlier study carried out by other authors. 

- Chemical analyses has determined that CaO content was 19.02 to 51.34 %, SiO2 
(11.30 – 30.10 %), Al2O3 (8.54 – 15.18 %), MgO (7.66 – 18.84 %), FeO (1.17 -
7.45 %), MnO (0.22 – 1.34 %), Cr2O3 (0.04 – 0.92 %), P2O5 (1.52 – 3.0 %), TiO2 
(0.08 – 0.22 %), K2O (0.19 – 1.68 %) and Na2O (0.38 – 0.56 %), 

- The results of analyzed ladle slag has showed that free CaO contents were from 
< 0.02 to 4.60 %. 

- Determination of waste eco-toxicity intended for permanent disposal or some 
other phase of disposal has been conducted by examining the composition of its 
eluate gotten by simulating the sieving of water through the waste, and the final 
results showed that the ladle furnace slag does not contain constituent which 
might in any way affect the environment harmfully, thus that it can be disposed of 
at non-hazardous waste disposal site. 

- Quantity determination, i.e. calculating the activity of particular radio nuclides was 
done on a specimen of electric furnace slag and the presence of radio nuclides 
and their activity showed that the analysed slag can be used as supplement in the 
production of construction materials, because the calculated index values of 
present radionuclides are smaller than the maximum allowed limit. 

 
These results provide a better analysis of the possibility to use LF slag in other 
industrial branches or to recover and reuse LF slag. The final evaluation of the 
applicability of LF slag and the potential reasons for its recovery can be made once 
all relevant ongoing research has been completed. 
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