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Abstract:
The total production of nonferrous metals in China is 31.53 million tons in 2010, and it ranks No.1 in the world in the past 10 years. However, nonferrous metals industries in China are facing the serious problems of resource depletion, high energy consumption and environment pollution. It is an effective way to solve the current problems by recycling & utilization of nonferrous metal secondary resources. In this paper, the present situation of nonferrous metal resource recycling in China was introduced, the emphasis were on the recycling of high-lead slag, zinc secondary resources and aluminum ash in detail.
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1. Introduction
China is the major country in the production of nonferrous metals, showing the international influence in the world. The total production of ten main metals in 2010 increases by 20.34% compared to the one in 2009. Table 1 shows the annual production of each nonferrous metal in China (2003-2010). The total production of nonferrous metals in China is 31.35 million tons in 2010, which ranks first in the world for the past ten years. Among them, the production of aluminum, lead, zinc, antimony and titanium rank the first in the world [1].
Though huge development has been made in China, nonferrous industry is greatly affected by mineral resource depletion, high energy consumption and environment pollution. The production of aluminum, copper, lead and zinc show decisive position in the nonferrous production in China. The service period for surplus storage of copper, lead and zinc are all less than 10 years. The situation for aluminum resource is a little bit better. However, the service period for surplus storage of aluminum in bauxite with Al/Si >7 is just a litter more than 10 years [2]. It is the only way to ensure the sustainable development of China’s nonferrous industry by nonferrous metal resource recycling. 
2. Typical solid wastes in nonferrous metals industry
China is a great non-ferrous metal producer. According to statistics, pile quantity of the non-ferrous metallurgy residue in our country reached 7.5×107t and the annual emission increases in the speed of 0.9×107t per year. China's nonferrous metallurgy residue treatment is primarily open-air piled up with low comprehensive utilization, and the average utilization is about 45 percent. The following is mainly focused on several metal production process residues [3].
2.1. Solid wastes in lead smelting process
The traditional smelting process of lead sulfide concentrates sintering-blast furnace reduction has been forced out in our country. At present, oxidation smelting-blast furnace reduction smelting process and top-blown blast furnace reduction smelting-blast furnace reduction process are widely adopted in the newly built or crude lead smelting modification factories [4]. 

The main process of crude lead production in China at present are: materials such as lead sulfide concentrates are continuously put into the smelting furnace at the oxidation smelting stage, heat of high temperature fume are recycled by exhaust-heat boiler, then sulfuric acid is produced to recycle sulfur resource and meanwhile output lead-rich slag at the lead grade of 40%-45%.

The high-lead slag produced by oxidation smelting of lead sulfide is quite different from traditional sintering blocks, the main difference is high lead, different objects and high-density of slag block, high-lead slag contains lead. There was little difference of the high-lead slag produced in China at present though with different oxidation smelting process, the chemical analysis results of the high-lead slag are listed in Table 2. Based on phase analysis, the main phase components of high-lead slag is lead silicate and high content of magnetic with little lead oxide. 
2.2. Solid wastes in zinc smelting process
Zinc production by hydrometallurgical process is the development direction of zinc metallurgy, which occupies >80% of total zinc production in the world. However, due to the environmental pollution and resource waste, the recovery of valuable metals from hydrometallurgical residue is significant [5]. 

The rotary kiln volatilization process is used to treat the residue. About 0.8t furnace slag is produced while 1.0t electrolytic zinc is produced, which contains rare and precious metals such as Ga, In, Ge, Ag. The main chemical composition of the furnace slag is: SiO2 13-18%, Fe 35-40%, Al2O3 5-7%, CaO 4-6%, MgO 2-3%, Zn 1-2.5%, Pb 0.5-1%. The composition of the slag is complicated, and shows the basic phase of combined metal iron with other compounds [6]. 
More than one million ton jarosite residue was produces in the process of the iron removal from high acid leaching solution. The slag consists of heavy metals (Zn, Pb, Cu, etc.) and rate and precious metals (Ga, In, Ge, Ag, etc). The chemical composition is as follows: Fe 22-28%, Zn 6-10%, Pb <5%, Cu <1%, S 10-12%, SiO2 <5%. Due to its environmental pollution, the recovery of the valuable metals from jarosite slag is one problem to be solved.
2.4. Solid wastes in aluminum smelting process
A lot of by-products will be produced in the aluminum metallurgy process and forming process. Aluminum ash, the main by-product, is produced in all the molten procedures and occupies 1%-12% of total aluminum loss. The output of aluminum ash increases with the increase of aluminum utilization area. Due to the resources waste and environment problem, it is necessary to find an effective way to recover aluminum from aluminum ashes [7].
The composition of aluminum ash mainly includes metal aluminum, aluminum oxide and refractory molten salts, which is determined by different treatments. The main compositions are as follows: Al 10%-30%, Al2O3 20%-40%, Si, Mg, Fe oxides 7%-15%, K, Na, Ca, Mg chlorides 15%-30% and trace fluorides.
3. The recovery of nonferrous metals
3.1. The recovery of lead
The bottom-blown oxidation and blast furnace reduction process was processed in two separated equipments in the lead metallurgy, which replaced the traditional sintering process. This method improved the lead metallurgical conditions. The sulfuric acid was produced, and the recovery of sulfur reaches 95%-96%. This process has the advantages of short flow-sheet, easy control and low coal consumption. The coal consumption decreased to 400kgce/t crude lead. This process was developed by China’s company, and rapidly introduced to the whole country [8]. Figure 1 shows the flow-sheet of blast furnace smelting of lead slag.
The bottom-blown oxidation and horizontal reduction process was optimized to treat lead slag of FeO/SiO2 up to 1.6-1.8. This kind of slag is of lower melting point and better liquidity. This process decreased the lead content in lead slag from 52% to 45%. Compared to blast furnace smelting process, this process has the advantages including less smoke, less ash, low energy consumption, less environment pollution. The emission of sulfur dioxides was reduced by 90%, and the emission of carbon dioxides was reduced by 70%. The lead content in final residue is less than 2.5%. Figure 2 shows the flow-sheet of horizontal reduction of lead slag.
3.2. The recovery of zinc
In China, the treatment technologies of zinc leaching residue are summarized into two groups: pyrometallurgical process and hydrometallurgical process. The representative technologies are rotary kiln volatilization and hot acid leaching. The flow-sheets of rotary kiln volatilization and hot acid leaching of zinc leaching residue are shown in Figure 3 and Figure 4, respectively.

In rotary kiln volatilization process, the zinc leaching residue was added into the rotary kiln with 45-55% coal, and roasted at 1100-1200oC to volatilize zinc. At the same time, Pb, Cd, In, Ge and Ga were recovered from volatilized ashes. The volatilization rate of zinc reaches 90-95%, and more than 90% impurities comes into kiln residue. Kiln residue is safe to the environment, and easy to deal with. However, this process has the disadvantages including long process flow, high investment, high consumption of coal, and SO2 removal from gas.

 In hot acid leaching process, the zinc ferrite and zinc sulfide in the zinc leaching residue was dissolved in high temperature (90-95oC) and high concentration acid (final acid concentration>40g/L) to form zinc sulfate solution, which was returned to zinc leaching process after the removal of iron by jarosite precipitation method. The total zinc extraction from roasted ore is more than 98%. This method has the advantages including short process flow, less investment, low energy consumption and better operating conditions. However, there are disadvantages including high concentration of Fe and SiO2 in leaching solution, difficulty in recovery of scattered metals, heavy metals contained in residues and secondary pollution to environment. 

3.3. The recovery of aluminum
Presently, the recovery technology of aluminum from aluminum ash includes salt bath separation and separation without salt. In salt bath separation process, the aluminum ash was mixed with flux (mainly chloride) and then heated to recover aluminum. At the end of 20th century, separation process without salt was developed due to the high cost of residue treatment. This process has the advantages including dismission of residue treatment, low cost and low energy consumption [9]. 
The recovery of aluminum form aluminum ash by low temperature alkaline roasting method was studied by the author, shown in Figure 7. The effects of alkali/ash ratio, salt/ash ratio, roasting temperature, roasting time, additive kinds and mixing ways on aluminum recovery were investigated. The optimum conditions are as follows: alkali/ash ratio is 1.3:1, salt/ash ratio is 0.7:1(NaNO3 as salt) or 0.4:1(Na2O2 as salt), roasting temperature is 500oC and roasting time is 60min. The results show that the wet mixing way is helpful to the aluminum recovery. The aluminum recovery are 87.52%, 92.71% and 92.76% when the flux and mixing way are NaNO3 and dry mixing, NaNO3 and wet mixing, and Na2O2 and wet mixing, respectively. 
4. Summary and future work
In the period of 11th Five-year plan, great progress has been made in the recycling and comprehensive utilization of solid wastes in the nonferrous industry in China. However, compared to the developed countries, China still has a long way to go. The rational utilization of resources and environmental protection was determined as one of the four topics of “Agenda 21 of China”. In future, great attention should be focused on the development of new technologies of low energy consumption, low environment pollution and economy feasible. Meanwhile, great importance should be attached to the industrial application of new technologies and processes. These measures are definitely beneficial to the sustainable development of nonferrous metals industry in China. 
References
[1] The yearbook of nonferrous metals industry of China,          Nonferrous metals industry association of China, China  Printing Corporation, Beijing, China, 2010.

[2] Y.F. Li, Y.N. Dai, H.X. Liu, 2007. Recovery and Utilization of  Nonferrous Metal’s Secondary Resources in China, Mining & Metallurgy, 16(1):86-89.
[3]  J.L. Chen, Y.S. Wu, 2008. The Current Comprehensive Utilization and Developing Tendency of Nonferrous Metallurgical Waste Slag, China Resources Comprehensive Utilization, 26(10):22-25.
[4]  G.M. Pi, Z.H. Jia, 2009. Study on Lead Bullion Smelting & Reduction of Hot Lead-Rich Slag, Nonferrous Metals,  6:17-19.

[5]  M.J. Yang, J.M. Wang, K.F. Guo, 2010. Using Flotation and  Metallurgy Methods to Recovery Zinc from Hydrometallurgy Zinc Slag, Mining Engineering, 8(5):37-38.

[6] H.P. Liu, “Surveying the Disposal Process of Zinc Leaching-slag”, Yunnan Metallurgy, Vol. 38, No. 4, 2009, 34-37.

[7]  S.X. Liu, X.H. Liu, H. Wang, et al. 2009. Technology Process of the Comprehensive Utilization of Aluminum Ash. Resource Recycling, 2:40-42.
[8]  W.F. Li, X.G. Zhang, X.Y. Guo, etc. 2010. Status and Progress of Lead Smelting Technology in China”, Mining & Metallurgy, 19(3):54-57.

[9] F. Li, L. Zheng, S.J. Ji, etc. 2009. The Status Quo and Prospects of the Techniques of Aluminum Dross Resources Recycling”, Light Metals, 12:3-8.

Table 1 Annual production of each nonferrous metal in China (2003-2010) (Unit: 104t)

	Year
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010

	Total
	1228
	1430
	1639
	1917
	2360
	2520
	2608
	3135

	Aluminum
	554.69
	668.88
	780.60
	934.9
	1255.86
	1317.63
	1284.60
	1565

	Copper
	183.63
	219.87
	260.04
	299.89
	349.69
	370.87
	410.95
	479

	Lead
	156.41
	193.45
	239.14
	273.55
	275.74
	325.79
	370.79
	420

	Zinc
	231.85
	271.95
	277.61
	315.30
	371.42
	391.31
	435.67
	516

	Nickel
	6.47
	7.58
	9.51
	10.77
	11.58
	13.26
	16.48
	21.4

	Tin
	9.81
	11.53
	12.18
	13.81
	15.13
	12.95
	13.45
	14.9

	Antimony
	8.99
	12.53
	13.83
	15.01
	15.29
	18.36
	19.60
	12.1

	Magnesium
	34.18
	44.24
	45.08
	52.42
	62.73
	63.11
	50.08
	65.4

	Titanium
	0.41
	0.48
	0.92
	1.33
	3.05
	4.14
	6.15
	6.6


           Table 2  The chemical components of lead slag (%)

	Process
	Pb
	Zn
	Fe
	S
	SiO2
	MgO 
	CaO
	Al2O3

	Top-blown
	34.38
	14.14
	14.19
	0.21
	14.35
	4.81
	1.57
	1.91

	
	30.95
	15.83
	12.21
	0.02
	13.71
	4.59
	2.55
	2.07

	Bottom-blown
	50.23
	0.97
	11.31
	0.45
	8.14
	3.74
	2.25
	1.06
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Figure 1. The flow-sheet of blast furnace smelting of lead slag   Figure 2. The flow-sheet of horizontal reduction of lead slag
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Figure 3.  The flow-sheet of rotary kiln volatilization      Figure 4. The flow-sheet of hot acid leaching of zinc leaching residue of zinc leaching residue 
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