Possibilities to reduce hot metal desulfurization costs
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1. Introduction

In order to improve the steel quality and to ensure a required competitiveness of metal products, several steel-making companies have actively applied systems for hot metal out-of-furnace desulphurization in ladles and deslagging by the end of the last century. Applied processes were different, but actually all of them were based on reagent blowing through immersed lances, and a basic component of a reagent was usually lime or calcium carbide powders.

In the last years the problem of cardinal improvement of steel quality (also due to low-sulphur and extra-desulphurized steel production) and at the same time reduction of production costs became important. Therefore the process of hot metal desulphurization began to apply magnesium [1,2,3], the production of which was implemented at many magnesium melting and recycling plants. After evaluation of various magnesium reagents and the ways of their introduction (also taking into consideration an existing experience of powder reagents injection) many plants, including those in China, have accepted the method of injecting magnesium blended with lime or calcium carbide [1,2,3,4].
Such updating of hot metal out-of-furnace desulphurization allowed to extend a potential of desulphurization process, i.e. to ensure deep desulphurization with simultaneous reduction of refining process cost; so steelmakers abroad took the same way as the steelmakers in Ukraine at early seventies of the last century [5,6,7]. 

2. Development in Ukraine

At the same time, after learning from hot metal desulphurization processes and experiences of steel making abroad, including the procedures of USA, Germany, Japan, Canada, Austria, Ukraine, etc. a number of steel making companies in China began to apply [8] the Ukrainian process of hot metal desulphurization with injection of granulated magnesium (without impoverishing additives). An earlier developed process [5] was then updated and improved [6,7,8]. These improvements were distinguished by their trend towards building state-of-the-art, automated, high-productive and cost efficient systems of hot metal desulphurization and deslagging [8,9], with a wide desulphurization range (up to 0.001-0.002% sulphur). In order to ensure economical construction and operation, layout, manufacture and building of desulphurization units were carried out with taking into account the equipment characteristics and industrial engineering of each customer. It allowed, while maintaining the process principles and engineering solutions of developed technology, to build the most efficient and cost saving projects while respecting the characteristic features of the existing production. 
Process systems built on this basis are distinguished with the following:

1. Automated control of all operations of magnesium preparation and injection.

2.  Use of state-of-the-art instruments for process parameters adjustment and monitoring.

3. The highest degree of magnesium assimilation within wide industrial conditions (compared with other known processes).

4. High (95% and higher) degree of system equipment reliability and process stability.

5. Process and equipment applicability within a wide range of initial (up to 0.2%) and final (up to 0.001-0.002%) sulphur in hot metal.

6. The highest degree of cost efficiency and material & resource saving.

The hot metal desulphurization and deslagging system comprises the following basic units (Fig. 1):

· equipment for magnesium receiving and feeding (big bags 1, charging module 2) to batcher modules;

· magnesium batcher module (item 3);

· lance drive assembly with submersible lances (item 4, 6);

· temperature registration and sampling device (item 7);

· stand (a kind of a chamber to place a ladle) to inject magnesium into hot metal and to remove slag, equipped with exhausting system, with the following off gas cleaning;

· hot metal ladle 8;

· hot metal car 9 with ladle and hydraulic tilter;

· stand with a deslagging machine 10 and a slag pot 11 on a car 12;

· system of pipelines with stop and control valves;

· automation and control system.

The above pattern has been applied in systems of hot metal desulphurization and deslagging at various iron and steel companies with hot metal treatment in the ladles containing from 40 to 280 ton of melt.
 Fig. 2 shows one of the options of desulphurization system layout at the department of hot metal feed into converter. Due to its comparatively space-saving layout the system fits well into existing converter processes. With a total cycle time of not more than 30 min., and a hot metal weight of 110 tons, a capacity of one hot metal treatment stand will make more than 1.7 million ton per year of desulphurized metal, and that of a desulphurization system of 2 stands will exceed 3.4 million ton per year. An output of the system of desulphurization and deslagging is subject to ad hoc working conditions and depends on a number of factors, including hot metal weight, sulphur content, ladle filling and feeding system, weighing system, hot metal sampling and analyzing, temperature measurement and many other operations and conditions in the workshop. 

Table 1 shows basic process values of a number of systems of hot metal desulphurization with granulated magnesium operation. From this table it is evident that the process can be applied under quite different working conditions. Hot metal mass in a ladle varies from 34 ton to 281 ton, and besides the melt depth differs considerably (from 1.3 m to 3.2 m). Hot metal temperature (initial) varies from 1178˚C to 1402˚C. The level of hot metal in the ladle varies substantially; therefore free board in the ladle in some cases reduces down to 0.2 – 0.3 m.

With initial sulphur content of hot metal from 0.017 to 0.160 % the APCS system sets a reduction of sulphur in hot metal down to 0.002 and < 0.005 %. It should be noted that with an average sulphur content of hot metal after desulphurization of 0.003-0.014 % (in different companies, see item 10 of Table 1) the duration of injection does not exceed 10 minutes. Existing systems and technologies ensure quite efficient hot metal desulphurization: the degree of desulphurization is about 60 – 90%. The process ensures a small consumption of magnesium for sulphur reduction (index β), which does not usually exceed 1.1 – 1.2 kg/kg at 2.1 m lance immersion depth (sulphur decreases to 0.010%).

Desulphurization indices obtained at the companies can be regarded as high and stable, despite of unfavorable working conditions of treatment, including a big amount of initial slag in ladles (item 5, Table 1), considerable deviation of melt depth (item 2) and free board in the ladle (item 8), considerable fluctuation of hot metal temperature, etc. The obtained results show reliable efficiency and stability of the process of hot metal desulphurization with granulated magnesium.

Actual results are showing a high degree of magnesium assimilation. Fig. 3 shows the variation of magnesium assimilation degree for sulphur removal 
[image: image4.bmp] depending on initial sulphur ([S]init.) by the example of sulphur content reduction of hot metal down to 0.005% using different processes.

3. Results of the Ukraine Technology
High assimilation degree of granulated magnesium without impoverishing additives during hot metal treatment, under comparable conditions, ensures a minimum specific consumption of desulfurizer. According to fig. 4 during the normal commercial production (e.g. at Wuhan Iron and Steel Co.), basic values of magnesium consumption for sulphur (index () is usually lower than 1.5 kg/kg, and decreases to 1.10 – 1.25 kg/kg with the increase of initial sulphur in hot metal over 0.035%. It should be noted that it is also typical for conditions of hot metal deep desulphurization with sulphur content reduction in hot metal down to 0.002%. Such efficient hot metal desulphurization is resulting from favorable process conditions for mass exchange processes between injected magnesium and hot metal.

By the end of 2005 the above process systems of hot metal desulphurization have been implemented at 28 new units of seventeen iron and steelmaking plants in China. Their total capacity is about 30 million tpy of desulphurized hot metal. Commercial tests of these systems showed that compared to the other processes, hot metal desulphurization with granulated magnesium is distinguished by minimum capital costs and a minimum reagent consumption, a minimum formation of slag, low loss of iron and metal temperature, small maintenance costs; as a result the total costs of hot metal treatment are the smallest (by 1 – 2.5 USD/ton).

In 2006 other 12 hot metal desulphurization units at seven iron and steel producing companies are designed and built in China.

Experience of industrial implementation and application of Ukrainian technology and equipment for hot metal desulphurization with granulated magnesium at Chinese plants showed that the developed automated system of process and equipment is a highly efficient and cost saving engineering solution and it has a reliable and long-term outlook of commercial application.

Comparison of hot metal desulphurization costs of injecting pure granulated magnesium compared with other processes shows the advantages of the first process. Table 2 shows the results of the coinjection process (injection of magnesium and lime mixture) at Severstal Steel Works (Russia) in comparison with the results of the granulated magnesium injection process under similar conditions at Chinese iron and steel producers. It can be seen that injection of magnesium without additives results in lower magnesium and reagents consumption, lower slag formation, lower temperature drop and lower losses of hot metal due to a new formed slag. Therefore USD1.168 per ton of hot metal was saved (see Table 3). The similar regularity was observed during commercial implementation of the Ukrainian process at other companies, and for this reason the above technology is now widely used in various steelmaking companies in China, where different types and sizes of hot metal ladles (from 35 to 300 ton) are used for desulphurization.
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Table 2
Comparison of process figures of hot metal desulphurization in ladles by the injection of granulated magnesium without additives (Ukrainian technology) and the injection of lime- magnesium mixtures (coinjection process applied at Severstal Works), with an initial sulphur content of 0.020% and final sulphur content 0.002%.

	Item No.
	Parameter, value
	JSRC “Severstal”, (Cherepovets, Russia).

coinjection process (CaO+Mg mixture injection)
	Beijing SG Co.Ltd. (China).  “DESMAG-Ukraine” technology (granulated magnesium injection)

	1
	Hot metal quantity in ladle, t
	300-320
	200-280

	2
	Sulphur content of hot metal
· before treatment, %

· after desulphurization, %
	0.020

0.002
	0.020

0.002

	3
	Duration of magnesium injection, min.
	6.5
	6.7

	4
	Magnesium (Mg) consumption, kg/t
	0.49
	0.28



	5
	Lime consumption kg/t
	1.55
	0

	6
	Hot metal temperature drop, °C
	6.72
	5

	7
	Iron losses due to additional formed slag, kg/t of hot metal
	1.84
	0.25

	8
	Reagents consumption, kg/kg of removed sulphur

· magnesium
· lime


	2.72

8.61
	1.55

0

	9
	Degree of magnesium assimilation, % of removed sulphur
	27.6
	48.2

	10
	Quantity of removed slag, %
	70-95
	85-95


Table 3
Comparison of main expenses for hot metal desulphurization in ladles by the injection of granulated magnesium without additives (Ukrainian technology) and by the injection of lime-and-magnesium mixtures (coinjection process applied at Severstal Works), with an initial sulphur content of 0.020% and final sulphur content 0.002%.

	Item
	Parameter, value
	Granulated magnesium injection at Iron and Steel Works of China (200-280 t hot metal in ladle) using Ukrainian process      
	Lime and magnesium mixture injection using the coinjection process at Severstal Works, (Cherepovets, Russia)

	1


	Reagent consumption, kg/t of hot metal:
	
	

	
	– magnesium
	0.28
	0.49

	
	– lime
	-
	1.55

	
	– tital reagents
	0.28
	2.04

	2
	Quantity of additional formed slag in a ladle, kg/t of hot metal
	0.56
	4.08

	3
	Hot metal loss with additional slag, kg/t of hot metal 
	0.252
	1.818

	4
	Hot metal temperature drop during the injection, °C
	6.72
	5

	5


	Expenses for desulphurization,

USD/ t of hot metal:
	
	

	
	а) for magnesium
	0.700
	1.225

	
	b) for lime 
	-
	0.295

	
	c) due to hot metal loss with additional formed slag
	0.050
	0.364

	
	d) due to hot metal temperature drop
	0.100
	0.134

	
	Total expenses for "a", "b", "c", “d”
	0.850
	2.018

	6
	Profit  due to the  application of the Ukrainian technology of granulated magnesium injection in comparison with injection of lime-magnesium blend, USD/ t of hot metal
	1.168
	-
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Fig.3. Variation of magnesium assimilation degree for removed sulphur � EMBED Equation.3  ��� during hot metal desulphurization in ladles using different processes at some steelmaking companies (final sulphur content 0.005–0.007 %).�
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Process at Shougang Group (China); granulated magnesium injection with nitrogen; Т – 13500С; hot metal mass 195 t.


– Processes of СаО+Mg mixture injection with nitrogen; Т – 1300–14000С; hot metal mass 160–270 t.


ESM process (USA) at ”Baosteel” Company (China); СаС2+Mg mixture injection; Т –  13500С; hot metal mass 280 t.


Process at Azovstal Company; granulated magnesium (without additives) injection with argon; Т – 13000С; hot metal mass 250-�300 t.


Process at Wuhan Iron & Steel Co. (China); granulated magnesium injection with nitrogen; Т–13000С; hot metal mass 100  t.


Treatment with granulated magnesium at Xiangtan Iron and Steel Group Co. Ltd., (China); Тave.  – 13000С; hot metal mass 80 t.


Treatment with granulated magnesium at Tangshan Iron and Steel Group Co. Ltd., (China); Тave –  13200С; hot metal mass 154 t.
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