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Introduction:

The commissioning of a third blast furnace as well as a third continuous casting plant in November 2004 led to an increase of the hot metal amount to be desulfurized by 15 %. In addition, increased requirements in the quality spectrum led to a necessary reduction of the target sulfur contents in the hot-metal desulfurization.
These boundary conditions made a reduction of the cycle times absolutely necessary. Among other things, this could be reached by using EMF measuring probes.
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Figure 1: Hot-metal desulfurization, Salzgitter steel works
Plant description:

The hot-metal desulfurization in the Salzgitter steel works (figure 1) consists of 3 treatment stations incl. slag machines. The plant that starts operating in 1994 has solely been designed for the co-injection process with calcium carbide and magnesium. In order to increase the plant availability and to be able to react flexibly to price fluctuations of the desulfurization agents, the plant was extended by a third injection line for flux lime in September 2001. Since then, an additional co-injection with flux lime magnesium as well as a multi-injection with lime, calcium carbide and magnesium is possible. Due to the availability of different injection processes with variable adjustment of the injection rates, time- and cost-optimised desulfurization is guaranteed.
General plant data:

Hot-metal ladle filling weight
210 ts
Freeboard hot-metal ladle
0.6 – 1.0 m (depending on the ladle condition)

Number of treatment stations
3 (simultaneous operation possible)

Bins



3 stock bins (CaC2, Mg, CaO) 80 ts each





9 day bins (3 CaC2, 3 Mg, 3 CaO) 10 ts each
Conveying medium

nitrogen / argon

Injection rates and

3 : 1 -> 21/7, 24/8, 27/9

mixing ratios


4 : 1 -> 20/5, 24/6, 28/7






5 : 1 -> 25/5, 30/6, 35/7

Amount of transport gas
1 m3/min

Sulfur analytics:
For determining the initial sulfur content in the hot metal, a sample is taken at every melt before the desulfurization process. The sampling for the initial sulfur content takes place after the deslagging process. The samples are sent to the central laboratory by pneumatic post, and they are analysed within a spectrometric and combustion performance testing (S and C). The process time in the laboratory is approx. 10 – 15 min. In order to be able to reduce the cycle times, EMF measuring probes were used for the sulfur determination in the hot metal on a trial basis. This new measuring method allows a reliable sulfur analysis within a few seconds. 
Description of the measuring method:
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Figure 2: Multi-Lab III
By using the Multi-Lab III (figure 2), the steel worker has a precise and flexible measuring system which covers a wide range of application and reaches representative measuring results, even in case of unfavourable bath conditions. Apart from the temperature- and oxygen measurement in steel melts, the carbon calculator program for the primary steel production and the aluminium calculation for the secondary metallurgy, there is the measuring application of the sulfur analysis in the hot-metal desulfurization area.
The oxygen partial pressure of the melt is measured by means of an EMF probe according to the principle of an electro-chemical cell shown in figure 3.
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Figure 3: Configuration of the sulfur EMF probe
The probe consists of the solid electrolyte, the reference material and the thermocouple. The new sensor stands out due to the fact that the solid electrolyte has additionally received a coating which reacts with sulfur. The aO potential released from this allows the sulfur determination via a corresponding regression. The sulfur value calculated from it will be shown within a few seconds on the Multi-Lab III.
Results:

The evaluation of the measurements has shown that, apart from the already mentioned saving of time, the proportion of the erroneous measurements is clearly lower than in case of the laboratory analytics. In figure 4, the comparison of the sulfur analyses of lab to EMF is shown. For this purpose, the sulfur contents before and after the desulfurization are measured. 
In operational practice, measurements are carried out solely after the desulfurization. 
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Figure 4: Comparison of the sulfur analytics between laboratory and EMF measurement
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Figure 5: Comparison of the scatter band between laboratory and EMF measurement
A further advantage of the measurements is a considerably lower scatter band in comparison with the laboratory analytics (figure 5). Owing to these insights, the number of the after-treatments could be reduced. 
Outlook:

Due to the insight gathering, the EMF measurements belong to the operational standard. Simultaneously, there are investigations to determine the sulfur content during a treatment with an “Inblow measurement”. The aim of this test is to reduce the consumption of the desulfurization agent. We hope to be able to report about the results within the framework of the symposium. 
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