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Abstract: In the new century, the output of crude steel in China has been increased over 300 mil.t with technical innovation as one important reasons. Nowadays, the key target of structural readjustment of steel industry is to build a system for high efficient, low cost production of clean steel. The hot metal pretreatment as one of key technologies of clean steel production is under rapid development (around 100 mil. t. hot metal were pretreated in 2005) and injection with magnesium, magnesium based reagents, lime based reagents and stirring for desulphurization and dephosphorization in converter are used and modified for higher efficiency and lower cost.
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In 21 century, the output of crude steel in China has been increasing continuously to meet the demands of national economy. The output of crude steel is over 300 mil.t with improvement of technico-economical indexes (Table 1). In the first quarter of 2006, the GDP of China was increased by 10.1%, the output of crude steel was 92.1 mil.t with an increment rate of 17.6%. Based on such data, in 2006, the predicted output of crude steel in China is over 400 mil.t.

Table 1 Rapid growth of Chinese steel industry and improvement of techno-economical indexes

	Year
	2000
	2001
	2002
	2003
	2004
	2005

	Output
(mil.t/a)
	Hot metal
	131.01
	146.54
	170.79
	202.91
	251.85
	330.40

	
	Increment
	5.68
	15.53
	24.25
	32.12
	48.94
	78.55

	
	Crude steel
	128.49
	151.63
	182.25
	222.34
	282.80
	352.39

	
	Increment
	4.54
	23.14
	30.62
	40.09
	60.46
	69.59

	
	C C products
	105.22
	133.60
	166.13
	208.00
	260.96
	334.27

	
	Increment
	9.31
	28.38
	35.25
	41.87
	52.96
	73.31

	
	Steel products
	131.46
	157.02
	192.50
	241.08
	297.23
	371.17

	
	Increment
	10.44
	25.56
	3548
	4858
	5615
	7394

	C C ratio（%）
	81.89
	88.11
	91.15
	93.55
	95.66
	95.68

	Overall energy consumption per t. steel (tce/t)
	0.92
	0.876*
	0 .815*
	0.778
	0.761
	0.741

	PCI rate of BF (kg/t)
	117
	122*
	125.75*
	117.7*
	116*
	124

	Coke rate of BF (kg/t)
	437
	422*
	416.96*
	430.07*
	427*
	412*

	Utilization coefficient of BF (t/(m3(d))
	2.15
	2.34*
	2.46*
	2.48*
	2.52*
	2.624*

	Converter campaign (heat)
	3500
	3525
	4268
	4631*
	5218*
	5647*


(1) *: Data of key companies; (2) Data for 2005 taken from bulletin
It is worth indication that the production of steel products in China is for domestic market as pointed out in the Eleventh Five-year Plan of China. In fact, the amount of imported steel products was more than that of exported by 3.5 mil. t in 2005. Therefore, there is no need to worry about the rapid growth of Chinese steel industry.

The rapid growth of Chinese steel industry is pulled by rapid growth of national economy, but technical innovation is one of important supports of such growth. In this paper, the main achievements of technical innovation and development of hot metal pretreatment in China including structural optimization of steel products and quality enhancement will be introduced.

1 Main achievements of technical innovation and key points of development of Chinese steel industry

For steel industry, route optimization is the main direction of development and technical innovation for compactness, high efficiency, high quality, low consumption, low emission and intellectualization. It is true for Chinese and world steel industry. 

1.1 Main achievements of technical innovation in Chinese steel industry

The technical innovation in Chinese steel industry has got great progress in following seven aspects besides improvement in high efficiency continuous casting as leading technique, development of PCI, long campaign of converters, continuous bar-wire rolling, slag splashing of converters and route optimization of steel production.

1.1.1 Development of thin slab casting and rolling as representative of overall route optimization

Till now, 11 lines of thin slab casting and rolling were built and 3 are under construction, thus the capacity and output of such lines rank China first in the world. In 2005, 18.96 mil.t of hot rolled coiled were produced. Among 11 lines 10 are operated with BF-BOF, the hot metal is pretreated.

1.1.2 Advanced technologies used to build or revamp key companied 

The desulphurization, dephosphorization, desiliconization of hot metal, smelting reduction and others are adopted.

1.1.3 Technical achievements in optimization of structure of steel products and quality enhancement

The production of flat products (in particular the cold rolled strips, stainless coils) develops rapidly, high-strength steel with high surface quality is supplied to automobile industry for whole vehicle with a market share of 65%-80%, ultra-fine grain steel production was started with theoretical innovation, more than 5 mil. t including hot rolled strips, bars, wires and plates, were supplied. The precise product property prediction with property control was developed and is applied. The production of high toughness, fire resistant, weathering, corrosion resistant, shock resistant and other super steels has been developed by precise control of chemistry and use of different technologies for high cleanliness, homogenous solidification. Establishment of low cost, high efficient system of clean steel production because the target of Chinese large and medium steel enterprises. The hot metal pretreatment as the basis of high quality steel production has attracted overall attention and been adopted.

1.1.4 Achievements of clean production

The mining and beneficiation of poor iron ores for utilization of 20% grade iron resources has been optimized. The overall energy consumption of Chinese steel industry was 741 kgce/t in 2005 lower than that of 2000 by 20%. TRT, CDQ have been adopted widely. In 2005, 130 sets of TRT, about 30 sets of CDQ are in operation. Low calorific gases (BF gas, converter gas) are used efficiently for lime production, regenerative stoves, reheating furnaces and power generation. The slag splashing and long campaign technologies of combined blown converters are in a leading position in the world.

1.1.5 The equipment supplied by domestic manufactures basically is at world advanced level.

1.1.6 IT is used widely at steel enterprised.

58 enterprises have built ERP system. Production process is optimized by digital basic automation for driving and control. At some companies, more than 10000 positions of equipment are on-line monitored and controlled. At some enterprises, the comprehensive control center is used to control finance, cost, production planning and control, purchase and sales, energy consumption, environment protection, fire fighting and safety production, and building “intelligent steel enterprise” is their target.

1.1.7 Technical innovation in Chinese steel industry as most important field for world technical innovation of steel industry, academic activities, publication of technical papers and training technicians.

Without any exaggeration, technical innovation became an important support for sustainable rapid growth of Chinese steel industry.

1.2 Key points of technical development of Chinese steel industry

In spite of outstanding achievements of technical innovation in Chinese steel industry, a lot of old enterprises and equipment of high-energy consumption, severe pollution, and low product quality are still to be closed. Chinese steel industry falls behind comparing with advanced countries in terms of production of high quality products, energy consumption, treatment of wastes and because of restrictions caused by lack of energy and material resources and requirements for environment protection, the following points are key for technical innovation in Chinese steel industry.

1.2.1 Further optimization of compact route based on thin slab casting and rolling

The target is to increase productivity and produce high grade products giving full play to production of thin strips at low cost.

1.2.2 Further optimization and popularization of different advanced technologies for maximum utilization of resources and energy saving, and for environment protection to make production cleaner and cleaner.

1.2.3 Establishment of innovation system for low cost high efficiency clean steel production to make products more and more sophisticated.

1.2.4 R&D of systematic technique of new steel production route with functions of product manufacturing, energy transformation, absorption of community wastes for harmonic and friendly development of steel industry with human society.

1.2.5 Full utilization of combined effects of IT and modern technique (such as nano-technique, bio-engineering technique, multi-dimensional structure and effects of time and space) for building intelligent, high efficiency, clean steel industry.

2 Development of hot metal pretreatment in China

It is the common trend to establish high efficiency, low cost production process of clean steel for technology optimization, reduction of energy consumption and cost and product quality enhancement. The technique of clean steel production is a system, including beneficiation of ores and other raw materials, pretreatment of hot metal, end point control in steel-making, molten steel refining (including tundish and mold metallurgy) etc. Pretreatment of hot metal as the start and one of keys of clean steel production has attracted increasingly attention of Chinese steel plants. In new century, pretreatment of hot metal in China is developed rapidly with own specifics and promising prospect.

2.1 Specifics of pretreatment of hot metal in China

2.1.1 Rapid increase of pretreatment amount with relative low pretreatment rate

In recent years, many facilities for pretreatment were built. In 2005, almost all steel plants with converters ≥100 t in capacity are equipped with facilities for pretreatment of hot metal and average pretreatment rate reached 70%. Thus the amount of pretreated hot metal in China was about 90 mil.t, see Table 2.

Table 2 Pretreatment of hot metal in China

	Year
	Output of crude steel/mil.t
	Converter steel ratio/%
	Output of converter steel/mil.t
	Hot metal rate in charge/%
	Amount of pretreated hot metal for de-S/mil.t
	Rate of pretreated hot metal for de-S/%

	2000
	128.49
	84.21
	108.20
	0.93
	25.32
	25.2

	2001
	151.63
	284.03
	127.41
	0.93
	31.00
	26.1

	2005
	352.39
	85.1
	299.90
	0.93
	~90.00
	32.3


It can be seen, in spite of the fact that annual increment of amount of pretreated hot metal is about 13 mil.t with a rate over 27%, but the rate of pretreated hot metal for de-S was only 32.3%, far from the target of 50% in 2005 due to rapid growth of converter steel with a rate of 24%. The output of converter steel was 29.99 mil.t in 2005, almost two times higher than the value predicted on 7th International Conference on desulphurization of hot metal.

2.1.2 Coexistence and synchronized development of different methods

The main purpose of pretreatment in China is desulphurization, the share of desiliconization and dephosphorization is very small. Injection is the main method. From 2003, other 4 KR lines were put in operation, but total capacity is only 5 mil.t/a, just 5% of total capacity of pretreatment. The injection with magnesium or magnesium based reagents is developed most rapidly. At the end of 2005, more than 60 sets of injection facilities were in operation with a total capacity of 70 mil.t/a accounted 70% of total capacity of pretreatment for desulphurization. In 2002, when 7th International Conference on desulphurization of hot metal was held in Austria, only 3 mil.t hot metal was desulphurized by magnesium based reagents in China. The equipment was imported from DESMAG, a China Ukraine joint venture, ESM in USA, CORUS in Netherlands, Roseberg in USA, ALMAMET in Germany and Research Institute for Metallurgical Equipment in China. In general [S] is reduced to ＜0.01%, even to 0.002% according to the requirements by different methods, and operation is satisfactory. Thus pretreatment of hot metal is a main technique of dissolution, optimization and reconstruction of steel production route, which is important for energy and cost reduction, stabilization of technology. The situation is shown in Fig.1 and Fig.2.
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Fig.1
Output of crude steel, amount of de-S hot metal, and ratio of de-S hot metal from 2001 to 2005
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Fig.2
Consumption of de-S reagents for different methods

2.1.3 Development of KR in China

In 1979, N2 steel plant of WISCO imported KR technique and equipment from New Nippon Steel. In 2000, second KR line was built, but till 2002 KR is only at WISCO. But due to improvement of KR technology and equipment by WISCO and smooth operation, N3 steel plant of Jinan Steel became second steel plant with KR in 2003 and later, Kunming Steel and other steel plants have built KR equipment. The progress in KR pretreatment is use of CaO instead of CaC2 without active carbon, prolonged life of KR stirrer head, and improvement in technico-economical indexes of pretreatment. It is worth attention, see Table 3 and Fig.3.

Table 3
Main technical indexes in 2005 comparing with designed of imported facilities

	Parameters
	Designed of imported
	Reached in 2005

	Reagent
	CaC2
	CaO

	Desulphurization cycle/min
	62（single ladle）
	66＋2（two ladles）33＋2（single ladle）

	Capacity/mil.t·a-1
	0.475-0.535
	1.9017(0.934 for first KR)

	Ratio of de-S hot metal/%
	
	82.70

	Average [s] before pretreatment/%
	
	0.0276

	Average [s] after pretreatment /%
	
	0.0022

	Average de-S rate/%
	
	91.77

	※Consumption of reagent for 10 ppm S/kg·t-1
	
	0.24

	Ratio of deep de-S/%
	
	85.95

	Ratio of light de-S /%
	
	14.05

	Life of stirrer head/time
	90-110
	469

	Average temperature drop/℃
	30-50
	28
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Fig.3
Life of stirrer head from 1996 to 2005

2.1.4 Progress in other methods

In China, many research works were carried cut with good results, for example, desiliconization in hot metal trench at Baosteel, Baosteel BOF Refining Process of dephosphorization for ultra-low phosphorus steel, new slag skimmer and technology with high skimming effect, small maintenance developed by ourselves and mass manufactured and popularized and will be used for steel slag skimming.

In addition, the design of lance nozzle and stirrer head, the refractories used for and surface coating are studied. 

2.2 Direction of development of pretreatment in China

In general, as required by clean steel production and optimized steel production route, in coming 15 years the realizable target of desulphurization of 100% hot metal and desulphurization, dephosphorization and desiliconization of some hot metal should be reached. The main directions of research are:

2.2.1 Use of Mg-based reagents instead of CaO+CaC2 gradually for desulphurization with injection, the Mg consumption, total consumption of desulphurization reagents, pretreatment cycle and temperature drop should be reduced by intensive study on desulphurization mechanism; slag skimming should be improved further. All these measures are necessary for popularization of pretreatment of hot metal with high efficiency, high desulphurization rate and low cost.

2.2.2 Intensification of study on KR to reduce investment, enhance efficiency, stabilize results, reduce reagent consumption, temperature drop and iron lose. Only in this way, KR can be used more widely in China.

2.2.3 Use of converter as vessel for desulphurization, desiliconization and dephosphorization of hot metal. By comprehensive technical and economical analysis, the advantages of this rapid, high efficiency and low cost method should be realized and this method should be adopted at new and revamped steel works. In China, using large open ladle instead of torpedo to transport hot metal, skim slag, pretreat hot metal and transfer into converter is under study and good metallurgical results have been obtained in reducing cycle and temperature drop.

2.3 Prospect of pretreatment of hot metal in China

It is expected, that steel industry in China will be developed steadily in relative long term due to sustainable growth of national economy. The amount of pretreated hot metal is influenced by output of converter steel and electric steel ratio. Based on the literature data, the prediction of pretreatment of hot metal for desulphurization by present study is shown in Table 4.

Table 4 Prediction of pretreatment of hot metal for desulphurization in China

	Year
	Total output of crude steel, mil.t/a
	Ratio of electric steel, ％
	Amount of de-S hot metal, mil.t
	Ratio of de-S hot metal, ％

	2010
	430
	18
	195.54
	60

	2015
	470
	20
	279.74
	80

	2020
	420
	25
	292.95
	100


As mentioned before, the predicted amount of pretreated hot metal for desulphurization is the level should be reached for optimized steel production. But the predicted output of crude steel may be far from actual as the situation occurred on the 7th International Conference on desulphurization of hot metal. Nevertheless, the amount of pretreated hot metal for desulphurization will be surely over 200 mil.t in coming 5-10 years. It is a large market and large project. The lime and magnesium resources are rich enough to support this target (now the output of metallic magnesium was 0.4679 mil.t and export was 0.3531 mil.t in 2005 in China). The glaring problem is optimization of technology and equipment, reduction of investment and energy consumption, enhancement of metallurgical results and efficiency. We’d like to cooperate with all the colleagues in the world to develop rapidly pretreatment of hot metal in China.
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