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Abstract

This article deals with comparison of parameteosnfrtwo different technologies — one with
fluorspar and another one without fluorspar usiRljorspar is being eliminated due to its
toxicity and negative environmental impact. Thetist@al evaluation of 60 campaigns of
electric arc furnace plant was performed. Accordimghe graphical relationships and average
values of parameters, it was found that chemicahpmsitions of slags did not change
practically and high effective dephosphorizatiom d& achieved without fluorspar too. The
negative influence of fluorspar using on the refrac lining and also negative influence of
rising temperature on the phosphorus removal wenérened.
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1 Introduction

The modern basic oxidative steelmaking technologiesh as oxygen converters (BOF) or
electric arc furnaces (in further EAF) are inevijalassociated with the dephosphorization
process. During the evolution of these technolqgibe productivity has been continuously
increasing, whilst the tap-to-tap times, consummsiof fluxes and energy have been gradually
decreasing. The intensification of competition puee among the steel producers has led to the
demands for maximally accepted phosphorus contethiei steel products of about P max. 0.015
wt% (0.010 wt%), however high-quality charge matisri{especially metallic scrap for EAF) are
becoming scarce. The steelmakers are looking ferpissibilities of sustainability or even
improvement of dephosphorization in the more andencomplicated conditions (shorter tap-to-
tap times, lowering economical costs and consumptib materials). The attention is mainly
attracted to the slags — how to accelerate theegeoof liquid slag forming, how to absorb as
much phosphorus as possible, but simultaneouslyraiio exceed the rephosphorization point
[1, 2].

Effective dephosphorization in the steelmaking peses (including EAF process) requires
optimal content of iron oxides in the slag (idea@ - 35 wt%) [3, 4]. It also requires lower
temperatures and higer values of slag basicit@].2The level of iron oxides (in further FeO) in
the EAF slag is related to the scrap and charghtguaddition of oxidative fluxes, but above all
it's linked with the parameters of oxygen blowirkhe temperature is continuously rising
throughout the heat. Due to danger of rephosphiwizait’s very important not to exceed
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neither the critical content of FeO nor the critiamperature [3]. In general, the high basicity
level is provided by charging of lumpy metallurdica dolomitic lime in the beginning of the
heat. The common problem is a slow dissolutionarfventional basic lumpy fluxes [5]. Better
dissolution requires longer time or higher temp@ex (this is undesirable due to danger of
rephosphorization) or the dissolution process ctadilso improved by changes in technology
such as modification of conventional fluxes orimétion of fluidizing agents. The injection of
pulverized lime (separately or as a mix with othmterials) directly into the melt volume seems
to be the ideal option within the method of flux difecation [6, 7, 8]. The phosphorus removal
has been significantly enhanced by the utilizatidrfluidizers — the best known fluidizer is
a fluorspar. The lumps of fluorspar added to thredoes with the conventional fluxes were used
world-wide [6, 7, 9]. Thanks to the presence obfkpar (Cap) the melting temperature of the
slag and slag viscosity were remarkably decreasddreversely dissolution rate of fluxes, slag
evolution rate, slag foaminess, phosphate capaatg increased [10-14lt was found that just

1 - 4 wt% ofCaF, in EAF slag is enough to increase the slag phdsptegpacity to a double or
even triple values [15, 16]. According to [14],shphenomenon is elucidated as a decline of
activity coefficient of BOs caused by CaFaddition. But in [17] it’s claimed, that it’s hagpng

by the hindering of dicalcium silicate formatioDespite previous opinions, author of [18] is
convinced that the distribution of P between slad metal is not clearly affected by the GaF
presence and the effect of moderate additions & Carresponds to the effect of the same
quantity of lime. Fluorspar has no influence on thesicity. It doesn’t participate in the
dephosphorization process in achemical way, buy grhysically, because within the
substitution of lime by the same amount of fluorsp@ie phosphate capacity is radically
decreased [15, 16].

However, fluorides are released in the practical aisfluorspar and these compounds are very
dangerous for human health (toxicity), environm@ablogical threat) and are also harmful for
furnaces (negative influence on the refractoryniinfil9]). Therefore the development of optimal
basic fluorspar-free slags is unavoidable and urgaatter [10, 12]Theoretically, flourspar as
a slag fluidizer can be replaced by colema(iteaO.3BO3), manganese ore, ilmenite (FeE0O
crushed chamotte bricks, slags from manganese gtiodu Al,Os, NaO or BaO-based fluxes,
chlorides, etc [5, 7, 12, 15, 20]. And yet, if thptimal chemical composition of the slag is
achieved, the slag is then sufficiently fluid arabfa high phosphate capacity so there’s no need
for any fluidizers [6, 18].

2 Materialsand methodic

Based on the statistical treatment of EAF planhdiite parameters of slags and slag practices of
two different technologies (with and without Gaksing) were compared. Thirty campaigns (~
5700 heats) for each technology were evaluated.t@tienology was operated in a following
manner: Some standard amount of lime was addeletdurnace after each charging bucket.
There was also added some smaller amount of flaoiispthe first case. The reduction (FeO)
and foaming of the slag was provided by the ingecibf anthracite fines directly to the melt
volume. The dephosphorization was quantitativelgieated as a ratio of phosphorus contents in
the slag and metal i.@p = (R.Os)/[P]. In this EAF plant, fluorspar was used durimearly the
whole year 2005. The fluorspar charging was grdgdahited to the end of year 2005 and
during 2006 it was practicallgliminated — it was used only in the seldom cades sty slags

(1 heat of 100). Thus, practical consumption of JaR2006 was close to 0 kg per ton of metal.
The slag and metal samples were taken manually tfenslag door area by EAF operator
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approximately 7 — 12 minutes before EAF tapping oth technologiesThe metal samples
were analyzed using spectrometry, slag samples waeatyzed by X-ray spectrometer. The
temperature was measured by thermocouple sevenatesi before tapping.

3 Resultsand discussion
At first, the average values of parameters fronhemnmpaign (30 campaigns with fluorspar and

30 campaigns without fluorspar using) were evaliafEhen the average values of all of
previous data were calculated (SEable 1), so a final comparison of technologies could be

done.

Tablel The comparison of average parameters for twordifietechnologies
Average values of parameters Cak; addition A Without Cak
fluorspar kgt 1.02 0
metallurgical lime kalt 36.48 36.94
anthracite kglt 6.06 6.02
%Ca0 in slag wt % 33.19 33.07
%Al,0;in slag wt % 5.59 5.87
%SiGin slag wt % 14.01 13.88
%MgO in slag wt % 2.48 2.77
%MnO in slag wt % 5.10 5.35
%FeO in slag wt % 28.26 27.88
%Cr,Ozin slag wt % 1.24 1.16
%TiO,in slag wt % 0.47 0.40
%P,0sin slag wt % 0.834 0.800
B, = (%Ca0)/(%SiQ) - 2.38 2.41
3 (%FeO + %MnO) wt % 33.36 33.23
> of basic oxides wt % 40.09 40.27
> of acidic oxides wt % 26.55 26.50
[%P] in metal wt % 0.008 0.007
®p = (ROs)/[P] - 103.23 109.36
Temperature °C 1588.30 1590.80
Heats per campaign - 186.50 193.33

When comparing the individual parameterdable 1 the following facts could be deduced: In
the technology without Cakising, contrary to that with CaEharging, the economical savings
were acquired (thanks to elimination of fluorspaithough the lime consumption was increased
(+ 0.46 kg/t).The consumption of fine anthracite (slag foamingrapywas changed negligibly
(saving of about 0.04 kg/t). According to the conigzan of average slag parameters (contents of
individual chemical components of the EAF slagh®itt sums) it’s clear that the elimination of
CaF, practically didn’t affect the slag chemistry. THat is in accordance with negligible

change in basicity ratios and above all, sinceetiveere minimal differences between average
(P,Os) and [P] contents, it’s logical that thg values were very similar. Thus, it's possible to
say that the phosphorus removal has nearly the sffiectiveness, it was even better in the case
without Cak (®p difference + 6.13 in the case without gaBeeTable 1. Fig.1 illustrates the
relationships ofbp vs. fluxes consumption for both technologies. gkding to curves irFig.1,

it is showed that dephosphorization wasn’t affedigdchange in flux practice. Phosphorus
removal is strongly related to temperature — itedlaknown that increase in temperature has
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detrimental consequences (rephosphorization). Withio technologies, as can be seemable
1, the average temperature was higher (+ 2.5 °@)darcase without CaF
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Fig.1 Phosphorus distributiodp as a function of consumption of fluxes for Zetiént technologies

Fig.2 represents the relationships @p vs. sampling temperature for both technologieg.
values are decreasing with rising temperature.itaccordance with theory (negative effect of
rising temperature [3]). According to curvesHig.2, it could be concluded that with increase in
temperature the dephosphorization efficiency wanéwetter in the case of technology without
Cak, but the fact of influence of higher scatter mstunderlined. Nowadays, it’s known that
fluorspar practice has negative effect on theififetof refractory lining. The comparison of data
from Table 1 proved that the lifetime of EAF hearth lining waigher (+ 6.83 heats/campaign)
in the case of technology without GaF
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Fig.2 Phosphorus distribution as a function of samplemggerature for 2 different technologies

4 Conclusions

The aim of presented article was to compare théagghorization effectiveness in the electric
arc furnace for different technologies - with andhaut fluorspar using. In the steelmaking,
fluorspar as slag fluidizer has been eliminated tluesafety, ecological and technological
reasons. It's replaced by other fluidizers or thisr@an effort of achieving the optimal slag
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fluidity without any fluidizers. In this study, & of 60 campaigns from EAF plant was
analyzed. Based on the comparison of average datath technology, it's possible to say that
the elimination of Cajfrom the EAF process didn’t affect the technologg negative point of
view. Practically, there weren’t registered anyngigant changes in average compositions of
EAF slag or in slag basicities. The technology withCak had lower total consumption of
fluxes and anthracite and longer lifetimes of Heaefractory lining. The negative influence of
rising temperature o®p values was seen in both cases. Despite of webathigher average
temperature and lower fluxes consumption the telclgyowithout Cak had a similar or
even higher®dp values as older technology. It can be concluded the fluorspar-free flux
practicehasthe similar or even better dephosphorizing efficieras the older practic&he
negative factors that could scatter the resultstrbesmentioned: manual sampling, possible
contamination of samples, oxygen jet using befemaing, vicinity of oxy-fuel burner and
especially human factor.

Acknowledgements

This work was realized within the grant project Né0783/11 “The research of interactions in
the slag-metal system in steelmaking processes thi financial support of VEGA MS SR and
SAV.

References

[1] M. Domovec: Acta Metallurgica Slovaca, Vol.6, 2QMNo.1, p.56-62, (in Slovak)

[2] S. Basu, A.K. Lahiri, S. Seetharaman: Metallurgeadl Materials Transactions B, Vol. 38,
2007, No. 4, p. 623-630.

[3] R.J. Fruehan, C.P. Manning: Final Report, AISI/DOEchnology roadmap program,
American Iron and Steel Institute, Pittsburgh, 2001

[4] B. Irmler, K. Klimek, Z. Piegza, G. Galperine, Metounine, B. Schrader, J. Opletal:
Metallurgically engineered flux for liquid steelmiag, In.: 1SSTech Conference
Proceedings, Indianapolis, 2003, p. 1157-1165.

[5] T.Hamano, M. Horibe, K. Ito: ISIJ Internationalph/44, 2004, No. 2, p. 263-267.

[6] P.Fremunt, J. Simoielting of steel in electric furnaceSNTL, Praha, 1984 (in Czech).

[7] F.P.JedneraElectrometallurgy of steel and ferroallqyslifa, Bratislava, 1981 (in Slovak).

[8] Y. Nakajima, M. Mukai: ISIJ International, Vol. 3393, No. 1, p. 109-115.

[9] P.Cizmarik: Electrometallurgy Alfa, Bratislava, 1981 (in Slovak).

[10]T. Borovsky, J. Kijac, M. Domovec: Acta MetallurgiSlovaca, Vol. 15, 2009, No. 2, p.
77-85.

[11]T. Borovsky, J. Kijac, M. Domovec: Acta MetallurgiSlovaca, Vol. 16, 2010, No. 3, p.
165-171.

[12]G. Li, T. Hamano, F. Tsukihashi: ISI1J Internatignabl. 45, 2005, No. 1, p. 12-18.

[13]S. Kitamura, K. Okohira: ISIJ International, VoR,31992, No.6, p. 741-746.

[14]K. Mori, Y. Fukami, Y. Kawai: Transactions I1SIJ, V@8, 1988, No. 4, p. 315-318.

[15]G.J.W. Kor: Metallurgical and Materials Transactds, Vol. 8B, 1977, No.1, p. 107-113.

[16]H. Ishii, R.J. Fruehan: Iron & Steelmaker, Vol. 2997, No. 2, p. 47-54.

[17]H.-S. Choi, J.-S. Kimtmprovement of the BOF operation using fluxing mate&ontaining
Fe-oxide and silicaln.: 88" Steelmaking Conference, Nashville, 2002, p. 57B-58



Acta Metallurgica Slovaca, Vol. 17, 2011, No. 42p3-268 268

[18]E.T. Turkdogan: Transactions ISI1J, Vol. 24, 19846%1-611.
[19]G.L. Dressel: Iron & Steelmaker, Vol. 25, 19984p-48.

[20]C. Nassaralla, R.J. Fruehan, D.J. Min: Metallurigésad Materials Transactions B, Vol. 22,
1991, No. 1, p. 33.



