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Abstract

The paper  deals with the evaluation of sulphur content  in hot metal and steel using tandem furnace production process. The influence of charge composition and sulphur balance with respect to sulphur carried in from individual charging materials is discussed. Also the evaluation of the impact of sulphur content in steel at the end of melting phase on the consumption of fluxing additions forms part of this paper. 

The economic comparison  is done of the existing steel production technology and the possible introduction of hot metal desulphurization from both the raw material and energy consumption point of view.    

Introduction

The production of steel in the Mittal Steel Ostrava a.s. company (MSO) is done in tandem furnaces. By this the metal containing charge is formed by about one third of solid charge and two thirds of hot metal. It follows from this that the composition of hot metal is very important for the production of steel itself. The average content of sulphur in hot metal produced in 2005 was  0,0167 % mass. The average percentages and masses of sulphur carried in from main charging materials used in tandem furnace production of steel are mentioned in the Table No 1. It is obvious from this table that the hot metal contribution of sulphur is only 25 % although its amount compared with steel scrap is double. The amount of sulphur from scrap generally depends on its kind. It is known that the largest contents of  not required elements (besides sulphur also copper, tin and other) occur in purchased steel scrap – pressed packets  [1 to 4]. When melting packets, the content of sulphur in material balance was often in the range of 0.1 to 0.3 % mass. By processing this steel scrap, the content of sulphur in steel happens to be markedly high at the end of melting phase, i.e. in the first sample. For the existing technology, the average value of sulphur at the end of melting was  0.032 % mass.
Relative and cummulative percent occurrence of sulphur content in hot metal are apparent from Picture No 1. For the highest portion 71.6 % of heats produced in 2005 the content of sulphur in hot metal varied in the range of 0.011 to 0.020 % mass, in 16.2 % of cases the content was less than 0.010 % mass. The proportion of heats with hot metal input having average sulphur content 0.021 to 0.030 % mass was only 11.7 %. This shows that the achieved sulphur contents with existing hot blast furnace process are relatively low and so with respect to total sulphur carried into charge minority. As already mentioned above, the majority of sulphur carried in is delivered from steel scrap and depends on its kind.  

The relative and cummulative percent occurrences of sulphur content at the end of melting phase (the first sample) in 2005 are apparent from the Picture No 2.  The majority of heats - 83.8 % has sulphur content in the first sample within 0.020 to 0.039 % mass.   

The influence of selected parameters on production and metallurgical indexes of produced steel

Within the appreciation of steel production economy, among others the influence of sulphur content was evaluated, especially consumption of fluxes, total amount of slag and the utilisation of metal containing charge in connection with slag removal and the quality of steel scrap itself (e.g. its specific mass, proportion of non-ferrous particles etc.). It is necessary  to mention that while the requirements to steel purity are increasing (in case of higher steel grades also for sulphur content - among others), at the same time the pressure to cost reduction grows for both the charging materials themselves and the total production costs. In MSO company, an increased attention is paid to this problem for a long time. The recent years development trends of  higher quality steel grades with low sulphur content in produced steel are apparent from the Picture No 3. It follows from this picture that the percentage of heats with sulphur content up to 0.010 % mass was 43.3 % in the first quarter of 2006 while in  2004 it was 31.3 %. Even more stable total increasing trend is noticed for the proportion of heats with sulphur content up to 0.015 % mass which was e.g. 22.5 % in 2000, and 31.2%  in 2006 (1st quarter). In total, the proportion of such heats was 64.9 % in 2000 and 74.55 % in the first quarter of 2006. Logically at the same time the proportion of heats  with content of sulphur above 0.02 % mass decreased, in 2003 it was 17.1 %, and 5.6 % in the last evaluated period (1st quarter 2006). 
The influence of sulphur content in steel after melting period on lime consumption is apparent from the Picture No 4. While for sulphur content of 0.030 % mass the specific lime consumption was 51.7 kg /t of steel it markedly increased for the value of 0.050 % mass of S  and for the evaluated heats it was in average 
62.8 kg of lime per ton of steel produced, which was by 11.1 kg / t more. After recalculation it means that for the reduction of sulphur by 0.001 % mass in the steel bath, 1.26 kg  of lime was consumed per ton of steel.   

Similar results were achieved in consumption of fluxing additions – see the Picture No 5. This finding shows itself obviously in the production economy. This is the reason why it is necessary to make detailed economic investigations and balances for the individual cases. For complex evaluation of sulphur influence on the production and metallurgical parameters, it is necessary to utilise modern mathematical methods which enable to simulate the individual variants and due to this also to evaluate more accurately the suitable desulphurization methods for the specific circumstances. The methods of neuron networks were used for the evaluation itself [5 a 6].         

Conclusion 

The possibilities of sulphur content reduction in metallurgical cycle are to be evaluated in a complex way, i.e. from the choice and processing of raw materials for blast furnaces, via steel refining process up to steel casting and solidification. At present the reduction of sulphur content can be implemented in blast furnace process by extra-furnace hot metal desulphurization, further by desulphurization in steel units and by extra-furnace desulphurization of steel. The selection and combination of desulphurization processes during steel production depends on requirements to final sulphur content and on technological and especially economical efficiency of processes.
In recent years the requirement and significance of steels with sulphur content up to 0.010 % mass increased. The trend of increasing the proportion of scrap in steel production caused by gradual increase of steel proportion cast continually  led to changes in the technology of hot metal production with low sulphur content. The sulphur content in hot metal has been reduced in the company by gradual modification of modes to values around 0.016 % mass. It is necessary to state that this process was connected with unfavourable technological, economical and environmental impacts. The global trend especially from the economical point of view is to produce hot metal with sulphur content > 0.030 % mass with the following hot metal desulphurization to sulphur values < 0.010 % mass. 
The process of metal desulphurization in a tandem furnace (TF) is governed by the similar laws as for the blast furnace. It is accompanied with the increase of slag basicity and consequently the increase of CaO and flux consumption, i.e. by increasing the mass of furnace slag resulting in metal losses due to FeO increase in slag. The other adverse factor is the prolongation of refining time, increased consumption of TF refractory, increased consumption of hot metal etc. Finally it results in the reduced TF productivity and the increase of steel production costs.
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