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Table 1 Application of ten nonferrous metals commonly used in Chinal

Industry

Application

Construction industry
Civilian industry

Electric power industry

Large quantities of copper, lead, zinc, magnesium and their alloys are needed for building frames,

doors, windows, etc.

Manufacturing of household appliances, flexible packaging, door lock and key.

Large amounts of copper, aluminum and their alloys are needed for generators, electric motors,

power transmission and transformation equipment, etc.

Transportation

Large quantities of copper, lead, zinc, magnesium and their alloys are needed in the manufacture of

trains, automobiles, ships, airplanes, etc.

Metallurgical industry

Communications industry

Used for producing various alloy steel, precision alloys, instruments, control equipment, electronic

components, etc.

Large quantities of copper, aluminum, lead, zinc, tin, gold and other non-ferrous metals are needed

in the manufacture of communication equipment, cables and wires.

Electronic industry

Copper, aluminum, tin, gold, silver, platinum group metals, as well as high purity silicon,

germanium, gallium, indium, arsenic, tantalum, niobium are the main materials.

Defense industry and

It is used as raw material of high and new technology such as ship, atomic bomb, rocket,

large-scale integrated circuit, aerospace, artificial intelligence technology, biological engineering

high-tech industries

Others

and so on.

Rare earth metals have been widely used in petroleum, chemical industry, glass, ceramic, leather,
textile and other industries.
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Fig. 1 Production amount of ten nonferrous metals in China
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Fig. 2 Production and consumption trend of ten non-ferrous metals in China from 2000 to 201683720
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Fig. 14 Process flowsheet of Toxco recycling lithium ion battery™>
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Fig. 15 Flow chart of wet process recycling of electronic waste from Dowa company
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Fig. 16 Flow chart of pyrogenic process recycling of

electronic waste from Dowa company!®’}
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Table 2 Comparison of technical indicators of typical circular enterprises
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p‘ Y Materials Recovery technology Flow gy. Pollutant Y handling
Technique consumption rate/% .
capacity/kt
Lithi High t t
Val’Eas . 187 JTpETATre OXYEER  Brief Low Sulfur fumes ~ >92 7
battery enrichment smelting
Toxco Lithium Liquid nit.rogen c.ooling/water Brief Low Was.te r'esidue ~70 5
battery Immersion and liquid waste
Electronic ngh temperaturei oxyg'en . o
Dowa ) enrichment melting/acid Long High Dioxin exhaust  >90 50
waste .
leaching
Electroni High t t
Xstrata-Noranda ectronie '8 .empera ure oy.cygen Brief High Dioxin exhaust ~ >88 100
waste enrichment smelting
Boliden-Kaldo Electronic High Femperature 0)'<ygen Brief High Fluorinated tail ~9) 12
waste enrichment smelting gas
L lysi
Green Waste oW tempera‘t ure pyr9 ysis Brief Low Dioxin exhaust ~ >90 4000
Eco-Manufacture  resources and reduction melting
. - (0] iched air t . .
Zhongjie neng  Circuit board xygt?n enriche alr_ op Brief High Sour gas >95 10
blowing bath smelting
Sander Battery Acid leaching ar?d'soc'hum Long Low Was'te r'e51due =30 100
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. Lithium Acid extraction and Waste residue
Jinyuan . . Long Low . - 100
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Fig. 24 Main research areas of Research Institute of Resource Recycling in Central South University
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Progress in research and application of
non-ferrous metal resources recycling
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(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. Research Institute of Resource Recycling, Central South University, Changsha 410083, China;
3. Powder Metallurgy Research Institute, Central South University, Changsha 410083, China;
4. School of Energy Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Non-ferrous metals are the basic materials for the development of the national economy and the strategic
materials for the national defense industry and the new technological revolution. Non-ferrous metallurgy faces serious
resource, energy and environment problems, which has become a bottleneck for the sustainable development of
non-ferrous metal industry in China. Non-ferrous metal resource recycling is an important component of the development
of national strategic emerging industries and an effective way to promote the sustainable development of non-ferrous
metals industry. In this paper, the discipline and theoretical basis of non-ferrous metal resources recycling are
systematically introduced, the recycling methods of non-ferrous metal resources are elaborated, and the application
progresses of resource recycling technology at home and abroad are analyzed. The innovative researches of Research
Institute of Resource Recycling at Central South University on the green circulation of “urban mine”, the clean recycling
of rare metals, resource recycling process enhancement and material recycling are introduced in detail. Finally, the future
development of the non-ferrous metal resource cycling is prospected.
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