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ABSTRACT 

The importance of metal recycling is highlighted. A brief overview of technology 
used in the recycling of common nonferrous metals such as aluminium, lead, zinc and 
copper is presented. Both traditionally used processes and clean technology options 
that has emerged in the recent past or are in the development stage are discussed. 
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INTRODUCTION 

Metal recycling or recovery from secondary resources and wastes is closely 
linked with the concept of sustainable development - an idea that has been much in 
vogue after the 'Earth Summit' in Rio in 1992. Recycling is endowed with several 
merits, for example, conservation of ore resources, huge savings in energy, and solution 
to waste disposal problem. Lower energy consumption as compared to primary 
production, about 5% in the case of aluminium, 6-10% for lead in batteries, 2-5% for 
magnesium, 20-25% for zinc, about 30% for copper, and 50% for titanium, also results 
in the conservation of fuel resources and lessen global warming due to minimisation 
of emissions of green house gases.['] Thus, it is not surprising that presently out of the 
total metal consumed, 30-40% Al, 50-60% Cu, 20-30% Zn and 40-60% Pb is recycled 
in USA, Japan and West Europe. The outlook for recycling varies from one country 
to another.[2] For example, recycling industry in Europe has a strategic role because 
of its high dependency on non-EC primary raw materials (often greater than 90%). In 
USA, metal recycling is carried out to meet demand supply gap and for environmental 
considerations. In a developing country like ours, the metals recycling industry can 
thrive largely for making profit. Cu, Pb and Zn can be recycled to fulfil the demand-
supply gap, and Al to overcome the energy shortage problem. It is essential that the 
technologies available in the country are ecofriendly, efficient and fulfil the requirement 
of recycling economy. In this context, close monitoring of the recent developments is 
necessary. 

In spite of several advantages of metal recycling, it is not free from 
environmental problems. In the past there have been sustained efforts to develop 
`Cleaner Recycling Technologies' that are flexible, efficient, less energy consuming, 
free from use of harmful substances, minimise waste and emissions and more 
environmental friendly. The objective of this paper is to review some of these 
developments with respect to the recycling of common nonferrous metals - aluminium, 
lead, zinc and copper. 
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ALUMINIUM 

Primary production of aluminium being among the highest, recycling of 
aluminium is an energetically and strategically favourable proposition. Like other 
metals, aluminium is used either in pure form (e.g., aluminium foil) or alloyed with 
other metals. Major sources of recycled metals are high value 'new scrap'. and lower 
value 'old scrap' which are characterised primarily by the composition and make-up 
of the material to be recycled. High value processing scrap from off cuts and rejects 
can usually be returned to the same product. Lower value scrap from used consumer 
goods and machinery has widely varying composition in terms of elements such as 
magnesium, zinc, iron, silicon and copper as it may include mixtures of wrought and 
cast alloys. Typical process flow diagram for aluminium recycling is shown in Fig. 1. 

Finished Product: 
Aluminium Alloy 

Fig. 1. Generalised process flowsheet for aluminium recycling PI 

The number of steps and exact flowsheet depend on the composition and type 
of scrap. In cases where sorting and blending are insufficient, used scrap may have to 
be mixed with primary aluminium or some refining must be carried out. The main 
method of refining aluminium scrap is chlorination[4-GIin which the principle of refining 
is the preferential reaction ofmagnesium with chlorine. Hydrogen removal and inclusion 
elimination also take place with chlorine gas treatment. Various developments in 
chlorination include equipment designed to optimise chlorine efficiency and the use 
of aluminium salts and other fluxes to provide the halogens for reaction. However, 
there are serious limitations on chlorine refining mainly associated with environmental 
problems, for example. (i) acid, dust and salt emissions which require expensive exhaust 
gas scrubbing and waste disposal (ii) operator safety and (iii) plant corrosion problems. 

Another method of secondary aluminium recovery uses aluminium drosses as 
the charge instead.of scrap. Traditionally, the term dross was defined as a thick liquid 
or solid phase that forms at the surface of molten aluminum, and is a by-product of 
melting operations. It is formed with or without fluxing and the free aluminium content 
of this by-product can vary considerably. Drosses containing about 30 percent metallics 
are usually crushed and screened to bring the metallic content .up to about 60 to 70 
percent. They are then melted in a rotary furnace, where the molten aluminium metal 
collects on the bottom of the furnace and is tapped off. Salt slags containing less than 
30 percent metallics may be leached with water to separate the metallics. The use of 
AIF3  rather than chlorine in the demagging step reduces demagging emissions. Fluorides 
are emitted as gaseous fluorides or as dusts. Baghouse scrubbers are normally used 
for fluoride emission contro1.171  
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Recent Developments 

In addition to alloying elements, aluminium scrap often includes lacquers, paints 
and plastic coatings. Alcan Recycling has developed a fluidised bed reactor that can 
remove such coatings from aluminium scrap containing up to 50% organic material. 
The aluminium scrap is introduced to a hot (<500°C) fluidised bed of alumina that 
heats the scrap and oxidises its organic component. The reactor, in operation since 
1994, can process 2-8 t/h of scrap, depending on the organic content, and recover over 
98% of the metal.[',8] 

The search for alternatives to chlorination as a magnesium elimination process 
is based on two main principles. One is that magnesium is more electropositive than 
aluminium and can be removed by fused salt electrolysis processes that are currently 
receiving research and development attention.[9-12] The other principle is that 
magnesium is relatively more volatile than aluminum, hence `demagging' can be 
accomplished by vacuum treatment. The literature indicates commercial application 
of vacuum treatment mainly in Europe. In some cases the principal concern is to remove 
hydrogenD3-'6Iwhereas in others the aim has been to eliminate zinc and magnesium P 7'18). 
The inherent advantages of vacuum treatment are: (i) environmental problems are 
solved by avoidance of toxic gases and chemicals (ii) a wider range of metallic solute 
impurities can be removed and (iii) there is removal of hydrogen gas and non-metallic 
inclusions. Use of coreless induction furnace for aluminium scrap melting has also 
been reported in United Kingdom as a substitute for conventional melting practice 
and energy efficient and ecofriendly technology.[ I 9  

In addition to the classic dross-recycling process based on use of halide based 
fluxes, a new dross treatment process using a water-cooled plasma gas arc heater 
(plasma torch) installed in a specially-designed rotary furnace was patented recently.m 
The new process eliminates the use of salt flux in the conventional dross treatment 
process, and reports recovery efficiencies of 85 to 95 percent. 

LEAD 

Extensive secondary processing has been a feature of the lead'industry. Lead 
bearing secondaries include: scraped lead acid batteries, cables/rolled/extruded 
products, oxides/ pigments. Globally, over 60% of the total lead is recycledo[2 '-23]. 
Only lead acid batteries, lead cable sheathing or lead sheet and pipe make any significant 
contribution as recycled old lead scrap. Of these sources of secondary lead raw 
materials, battery scrap (mainly from automobiles) is by far the most important, 
accounting for upwards of 70-80% old scrap arising in many countries and perhaps as 
much as 90% in developed country such as USA.1241  Lead acid batteries are a complex 
consumer good comprising of lead (70-80%), free acid (12%), polypropylene (5-6%) 
and separators (and ebonite) (2-3%).[22,251 Lead in the batteries is present in metallic 
form, as grids, plugs and connections, and as oxide/sulfate. Lead in grids is used as 
lead alloys and may contain one or more of the following elements : Sb, As, Sn, Se, 
Cu, S, Cd, Ag, Ca and Al.[26] Many of these elements present in the lead alloy are 
considered toxic. 
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Traditional Processing 

Traditionally, the processing of lead acid batteries is carried out using 
pyrometallurgy. Fig. 2 shows the typical flowsheet of a lead batteries scrap processing 
plant as practised in many advanced countries. 

Scrap 
Batteries 

Lead 	 Lead 	 - Soft lead 	New 
- Calcium lead ÷ Batteries 
- Antimony lead 

Fig 2. Typical flowsheet of lead batteries scrap processing plant 

Although secondary plants use pyrometallurgical smelting processes similar to 
those employed at primary smelters, there are key differences in feed materials and 
the type of smelting furnaces in use. The three key operations achieved during smelting 
are feed introduction and initial charge ignition, 'sweating' of the charge to release the 
metallic elements and finally, 'slagging' the charge to separate molten lead from the 
oxidized impurities. Currently used secondary smelting processes include blast furnace, 
reverberatory furnaces, short rotary furnace and top blown converters or Kaldos.(24,27] 

Table 1 summarizes the main features of various pyrometallurgical processes. Many 
secondary producers use a combination of blast furnace and stationary reverberatory 
furnaces to make use of the flexibility of the former and refining capability of the later. 
Rotary furnaces are used on their own, because of their greater flexibility. Well over 
half of the plants in western world (excluding communist world) use short rotary furnace 
for smelting. The top blown rotary converter has successfully treated scrap batteries 
charged directly without breaking and plastic separation at Boliden's Ronnskar Works 
in Sweden.["] Electric arc furnace technology is in use on a limited scale, normally to 
remove lead from secondary blast furnace slags.[27) Sulfur dioxide and particulate 
emissions in the off-gas and slag disposal are the main environmental issues in smelting. 

Development in Traditional Processing 

The use ofnon-metallic constituents of the battery, like casing etc, as fuel during 
smelting is discouraged.. Current emphasis is more on the separation of all the 
constituents and this is the crux of cleaner technology in the recycling. Battery breaking 
and the feed preparation is the first operation in most plants. Some of the patented 
technologies available for this purpose are: Tonolli, CX (from Engitec), Stolbergen, 
Penarroya, etc.["I Although there are major differences both in techniques employed 
and the level of sophistication of equipments in the available technologies, segregated 
streams of battery grid metal, battery paste, polypropylene, rubber and waste acids are 
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produced in each case through a sequence of crushing, screening/washing, heavy media 
separation and flotation processes. In some cases, battery paste is treated with sodium 
carbonate to convert lead sulphate into lead carbonate (desulphurisation) and, 
consequently, minimize sulphur problem in the smelting operation.[28'291. Conventionally, 
the battery acid (sulphuric acid) has been chemically neutralized and then disposed of 
in the hazardous waste dumps, but more modern battery breaking processes allows the 
conversion of acid (and sulphur from battery paste) to sodium sulphate salts, which 
can be sold. In the recent past, considerable progress has been made in some of the 
developed countries in automation and mechanized handling of battery scrap.[241  

Table 1 : Main features of secondary lead smelting processes'22,23,27,28] 

Process 
	

Smelting/ 
	

Features/Current Status 
Mode 

Blast Furnace 
	

Shafl/ 
	

• Can be used for a range of secondary feed — scrap 
Continuous 
	

lead, slags, drosses and flue dust 
• Widely used worldwide 
• Inherently dirty technology producing high silica 

mattes and slags 
Reverberatory Furnace Bath/ 

	
• Used primarily for high oxidic and antimony 

Continuous 	containing feed 
or Batch 	• Widely used worldwide 

• Environmental problems 
Short Rotary Furnace I3ath/Batch 

	
• Used primarily for high metallic feed 
• Widely used worldwide 
• Produces a reactive soda slag which can cause 

disposal problem 
Top Blown Rotary Flash orBath/ 	• Used for smelting residues and scrap including 
Converter 	Batch 	 unbroken batteries 

• In operation in Sweden on secondary feed 
Electrothermic 
	

Bath/Batch 	• Use metallic and oxidic feed 
Furnace 	 • Russian companies offer the technology 

• Costly equipments 
• Status not known 

Integration of a modern battery breaking and feed preparation plant with the 
smelting operation is helpful in minimizing particulate emission. Gradual feeding of 
the rotary furnace, in sharp contrast to one-time feeding and ignition of charge, can 
minimize particulate emissions in a short rotary furnace. Emission level of SO2  in the 
off-gas is reduced through desulphurization of the battery paste prior to feeding into 
smelting furnace. However, feeding of desulphurized paste result in active soda slag 
that poses disposal problem. An alternative approach, that involves feeding of iron 
scrap to fix sulphur in the furnace as iron sulphide matte, is practiced in some plants. 
Use of oxygen during smelting, to reduce off-gas volume, is practiced to minimize 
particulate emissions.[29] In addition to the measures adopted during smelting for 
pollution control, treatment of off-gas is important to further control the levels of lead 
bearing particulate emission and SO2  gas. The gas handling practice may vary from 
plant to plant. Typically, gas handling may involve cooling (using waste heat recovery, 
forced draft cooling etc.), removal of particulate emissions by bag-house filters, 
electrostatic precipitators, etc., and finally neutralisation of gas, for example, using 
lime solution in a venturi scrubber.[22,23,27-29] 
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The dezincing operation is particularly critical for secondary producers, given 
the detrimental effect of zinc as an alloying element in lead products. Antimonial lead, 
traditionally the most common product of secondary operations given its importance 
in battery grid manufacture, is obtained directly following decopperising and softening 
(arsenic and tin removal) processes. Calcium lead alloys and lead oxide are both 
normally made from softened lead. Calcium is added in its metallic form or as calcium 
carbide. Lead oxide is prepared by Barton Process that involves atomisation of molten 
lead and its oxidation. The purity of lead used for oxide is more important than the 
metallic used for grids etc otherwise it will lead to 'gassing' in the maintenance-free 
batteries.P41  

Hydro- and Electro- metallurgical Processes 

The increasing environmental pressure exercised during the last 20-25 years, 
on both primary and secondary lead facilities, has stimulated the research of new, 
more environmentally friendly technology, based on hydrometallurgy and 
elctrometallurgy approach, as an alternative to pyrometallurgy. Considering the high 
electrochemical equivalent of lead, these alternative technologies make it possible to 
couple the environmental requirements to the energy savings with substantial reduction 
of production costs compared to the traditional processes. These processes are described 
and analysed in recent articles by Prengaman[30) and Diaz and Andrews.13 1321  Although 
different in some aspects, the more advanced processes such as USBM, RSR, Engitec 
CX-EW (or EWS) and Placid, are based on the same philosophy, which include 
following main steps: 

a) Conversion of insoluble PbSO4  and Pb02  into leachable products - PbSO4  is 
converted into soluble lead carbonate, hydroxide or sulfide using alkali/ 
ammonium carbonate, sodium hydroxide (RSR, USBM, CX-EW processes) 
and solution of sodium sulfide and sulfuric acid (CX-EWS process). In the 
CX-EWS process, sodium sulfate formed as the by-product is reduced with 
carbon to regenerate Na2S. Reduction of Pb02  is carried out using lead 
powder, hydrogen peroxide, SO2, alkali sulphites or by a thermal system. 

b) Leaching by a suitable electrolyte to put the lead ions into solution - commonly 
used leaching medium are fluosilicic/fluoboric acid (RSR, USBM, CX-
EW processes), ferric fluoborate (CX-EWS process) and HCI brine solution 
(Placid process) etc. 

c) Lead electrowinning with an insoluble anode with oxygen evolution except 
in CX-EWS process. The electrowinning practice in different processes is 
compared in Table 2. Anode material has been an important area of research 
in the development of an electrowinning cell. The CX-EWS and the Placid 
processes make use of advanced electrowinning cell technology based on 
ion-selective membranes. A new PbSO4  slurry processE30] uses fluidized bed 
electrowinning cell in conjunction with ion-selective membrane. 
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It is likely that a full scale lead electrowinning plant will be operational in near 
future. Hydro- and Electro- metallurgy based plants are primarily suitable for treating 
lead paste. Integration of these process with pyrometallurgical processes has been 
suggested, for example in the case of Placid process, to make battery scrap processing 
more environmentally friendly through effective elimination of atmospheric lead 
emissions.1311  

Table 2 : Comparison of the electrowinning processes [311. 

Process Electrolyte Additives Pb (g/1) Purification Cell type Current 

RSR Fluosilicic 
/Fluoboric acid 

>500 ppm As & 
boric acid 

70-200 None Simple 100-200 

USBM Fluosilicic acid 3-6 g/1H3PO4 25-150 None Simple 150-250 
+0.05 g/1 bone glue 
+ 4 g/I lignin 
sul fonate 

Engitec Fluoboric acid Glues 50-100 None** Composite 
anode#  

320 

AAS* AAS None None Cascaded 

Placid I-ICI 

Brine solution 

None 25 Cementation Ion- 
selective 
membrane 

1200 

*Ammonical ammonium sulfate leaching 
**For CX-EW process, cementation is used in CX-EWS 128]  
#CX-EWS process uses graphite anodes with additives to prevent formation of Pb02  1241  

ZINC 

Globally, over 2 million tonnes or 30% of zinc supplies come from secondary 
or recycled zinc. The contribution of different secondary sources of zinc for recycling 
include: old/new brass scrap (32%); old/new diecasting scrap (16%); old/new zinc 
sheet (10%); galvanizing residues (23%) and flue dust from steel plants (8%); and 
miscellaneous sources (11%).["1  Zinc present in brass is recycled as such since any 
other method would be uneconomical. Diecasting scrap and zinc sheet scrap is either 
directly melted (if known origin) or used'in the production of zinc dust and zinc oxide. 
The focus here is primarily on solid residues from galvanizing industry (dross of 
different kinds, zinc ash or skimmings, flux skimmings), electric arc furnace dust (solid 
wastes) and spent acid from galvanizing plant (liquid effluent). Effective elimination 
of various toxic elements, such as Cl, Cd, Pb etc., from the waste, in particular EAF 
dust (Table 3), is a prime technological challenge in zinc recycling from the point of 
view of clean technology development. 

Table 3.: Typical composition of electric arc furnace dust, wt. %[281 

Zn Pb Cd Cu Sn As S Cl 	F FeO CaO SiO2  

16-38 2-7 .01- 0.2- 0.2- .05- 1.5- 1.5- 	0.1- 25-35 5-10 	3-5 
0.1 0.4 0.3 0.1 2.5 2.5 0.2 
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Zinc Bearing Solid Wastes 

The generalised scheme involved in the recycling of zinc bearing solid wastes 
is shown in Fig. 3. 

ELECTRO 
REFINING 

I ZINC  

	

[GALVANIZING WASTES ]   1---EAF DUST j r 	-L 	. 	 
	i 	 CRUSHING1 I PRETREATMENT-1 

LEACHING H SMELTING 1 ,___:, LtACH1Nk.2 1 I L___ 

[PURIFICATION 

ZINC OXIDE 
1" 
	E LE6TR0- 

FRACTION 	
---1 

WINNING 

I 

ZINC 	ZINC 
CHEMICALS 

BALL MILLING 

PNEUMATIC 
CLASSIFICATION 

Fig.3 : Generalised flow sheet for the recycling of zinc bearing solid wastes 

Typically, the recycling process is composed of crushing and physical separation 
to recover metallic and nonmetallic (oxidic) fractions, and melting process to melt the 
metallic zinc. The selection of process depends on the complexity of the waste. Flux is 
added during melting to prevent oxidation and minimize melting losses. In some cases, 
metallic zinc is electrorefined. As listed in Table 4, a pyrometallurgical process or a 
combination of hydro- and electro- metallurgical processes is used for the processing 
of galvanizing residues to produce either metallic zinc or zinc oxide.[22,23,28,341 

Table 4 : Processes . for the treatment of zinc residues' 22.23.28,341 

Pyrometallurgy Hydrometallurgy 

High zinc contained 

Electrothermic process 

Medium zinc contained 

Imperial smelting funr ace (ISF) 

Lo' zinc residues 

QSL 

Waelz 

SKF Plasma, Mintek Enviroplas, 

Tetronic, and Electrothermic processes 
_ 

Modified Zincex process 

Ezinex process 

Hematite process 

Cebedeau-caustic leach process 

Cenim-Leneti process 

. 

• 
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Waelz kiln or its variants are extensively used in the pyrometallurgical treatment 
of zinc residues. In the case of EAF dust, 76% of the total EAF dust is treated by 
Walez kiln in USA, Japan and Europe. The process yields impure zinc oxide that is 
used as a feed in Imperial Smelting Furnace, that can accept feed containing upto 36% 
zinc as secondaries comprising of primarily Walez oxide.[28] 

Significant developments has taken place in pyrometallurgical processing of 
secondary zinc and residues, for example cyclone smelting (Contop process), plasma 
arc based technology (Enviroplas process of Mintek) etc. Plasma based technology in 
the processing solid zinc wastes, like EAF dust contributes small fraction in the overall 
scenario (— 5%), however, this is receiving increasing attention. Modified Zincex 
process (developed as a part of EC research programme on recycling) and EZINX 
process (developed at Engitec, Italy) are important developments in the 
hydrometallurgical processing of zinc waste.[28,34) The modified Zincex process is 
based on sulphuric acid leaching of the residue and electrowinning. The EZINX process 
is based on ammonium and alkali chloride leaching and electrowinning. Zincex as 
well as EZINX process incorporate a solution purification scheme involving 
precipitation, cementation and solvent extraction. These processes can effectively tackle 
impurities such as Cd, Cu, Sn, Pb, Ag, Fe etc., in the feed. It is expected that full scale 
commercial plants based on these processes will come into existence soon. 

Fe/Zn Acids from Hot Dip Galvanising 

Hydrochloric acid pretreatment is the most common method throughout the 
world to achieve a clean surface on steel during galvanizing. Significant concentration 
of zinc, usually 5-10 g/1 but sometime may be as high as 150 g/1, is present in the acid 
after the pretreatment. Typical composition of the acid after pretreatment is given in 
Table 5. 

Table 5. : Spent pickling acids: typical composition HCI-based bathsosi 

Constituent Concentration 

Fe (as FeC12) 80-150 g/1 

Zn (as ZnC12) 5-150 g/1 

HCI 10-80 g/1 

Other heavy metals 
(Cu, Ni, Cr, Mn, Pb, Co,...) ppm range 

Organics 
inhibitors, oil & grease < 0.1 g/1 

The zinc in the spent acid must be recovered to decrease the disposal costs for 
the spent mixed acids and obtain zinc metal as a valuable product. More than 35,000 
tonnes of zinc is recovered every year from spent acids generated during hot dip 
galvanizing.'33' Various treatment routes[36] used/examined for spent hydrochloric acid 
pickling solutions are summarized in Table 6 and the advantages and disadvantages of 
different treatment routes are indicated. 
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Treatment route 
	

Comment(s) 
A. Routes without Zinc Separabon 

high investment cost 

economic problem in treating the C12 gas evolved 

utilizes resin to separate dissolved salt from free acid 
process is of relevance for active pickling bath 
salt removal not selective 
most common method 
selective Zn(OH)2  precipitation not possible 
chloride content of the wet sludge prohibits further use 
impure quality of product 

014 specialized corrosion resistant equipment 
removal 

44 ion-exchange resins are very sensitive to contamination 
44 a large volume of expensive resin is necessary 

solvent, like trioctyl amine (TOA), tributyl phosphate (TBP), 
has been successfully used 
■14 several advantages 

high throughput with compact equipment 
flexible process with continuous close circuit operation 
clean valuable product solution (with ZnC12  post- 
treatment) 

a mobile plant concept has been proposed 

Spray roasting 44 

Electrolysis/ 
Electrodialysis 
Retardation 44 

014 
■14 

Neutralization/ a< 
Precipitation Ii 

44 
Evaporation 

B. Routes with selective ;inc 
Fixed bed ion-exchange 

Solvent extraction 

Rakesh Kumar and Amitava Bandopadhyay 

Table 6 : Treatment routes for spent hydrochloric acid pickling solutions 

COPPER 

Recycling of copper and copper alloys scrap is an important part of copper 
metallurgy and, at present, copper recycling rate amounts to about 40% of the production 
worldwide.P7-39] 

Conventional Processing 

The copper content, type and levels of impurities present and, as well as, 
complexities of the scrap are dependent on its origin. Typically in the case of recycling 
of shredder scrap from automobiles, a shredder fraction contains not only copper metal 
but also metal like Zn, Sn, Pb and Ni. Copper can be present in this fraction in pure 
metallic form, as alloys, for example brass and bronze, and in physically joined form 
with other metals. Today's processes of metal recovery from copper and copper alloys 
scrap consist of several pyrometallurgical steps.P7-441  The melting of scrap, for example, 
in converters of primary smelters or anode furnace of primary or secondary refineries 
(where large portions of impurities, for example, Al, Fe, Zn, Si, Sn, are removed by 
oxidation), is well established. Air pollutants are generated during the drying of chips 
and borings to remove excess oils and cuttings fluids and causes discharges of large 
amounts of dense smoke containing soot and unburned hydrocarbons. These emissions 
can be controlled by bag-houses and/or direct-flame afterburners. Usually, the refining 
of cast anode is carried out electrolytically at the end in a sulphate bath. The positive 
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aspects ofthe current practice are relatively moderate sensitiveness upon the constitution 
of scrap and a bright electrolytic copper as the end-product. Main disadvantages of 
the process are relatively high specific energy consumption and recovery of only copper 
from secondary raw materials of complex constitution. The pyrometallurgical unit 
processes have a major impact on the cost of the final product because they consume 
nearly 50 percent of the energy involved in the overall process. The valuable elements 
are removed in slag phase during smelting/refining, elutriated with the flue gases or 
separated in the slimes generated during electrolysis. Recovery of valuable elements 
from these waste materials, like slags and slimes, is scarcely carried out due to high 
expenditures involved. 

Recent Developments 

There is a need to develop cleaner, more energy efficient and comprehensive 
process with minimum number of stages, in contrast to the prevailing process, for 
simultaneous recovery of most of the valuable metals present in a complex scrap. 
Several new developments have taken place recently with regard to hydro- and electro-
metallurgical processing as summarised in the following paragraphs. 

Direct electrorefining of scrap in sulphate solution using anode support system 
is environmentally and economically very attractive as shown in Fig. 4 and processes 
based on stainless steel or titanium anode system are being developed/used industrially 
in Chile. Direct electrowinning has been suitable only for high quality (>95% Cu) low 
volume scrap.[45] 

Hydrometallurgical processes using leaching, purification of leach liquor and 

Melting 
furnace 

 

Anode 
furnace 

E
6
Scrapp 

> 0%  Cu 

	 Scrap) 
> 95%  Cu 

Converter  4 	 

 

 

y 
Anode-casting 

wheel 
Chopping 
system 

Electrolytic 
refining 

Cathod  

	 Traditional process 

Alternative process 
for scrap > 95% Cu 

Fig. 4 : Refining of copper by traditional and alternate process for scrap copper 148. 
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electrowinning have hitherto acquired importance only for the processing of large 
deposits of low grade oxidised copper ores.["I Modern unit processes like ion-exchange 
and solvent extraction are used for the purification of electrolyte and for the enrichment 
of copper content in the leach solution.[46-481 The end step of the process is almost 
always electrowinning from a sulphate electrolyte. In order to meet the electrolyte 
requirement, a sulphate leaching is usually necessary. The sulphate leaching requires 
use of oxygen as means of oxidation and higher temperature to attain satisfactory 
leaching rate. In the electrowinning of copper from sulphate electrolyte, deposition of 
copper takes place at cathode via a two electron process from Cu(II) with a simultaneous 
and continuous evolution of oxygen at anode. This evolution of oxygen results in a 
higher electrical energy consumption due to a very large electronegative anode potential 
(the electrical potential needed for industrial copper electrowinning is — 2 V as 
compared to 0.3 V for electrorefining).[46] 

Published literature on the use of non-sulphate solvents for the leaching of 
copper from ore and/or scrap is very limited.[491  In principle, the use of Copper(I)-
bearing electrolyte for the electrowinning permits a 50% saving in electrical energy 
on the basis of superior electrochemical equivalent. Savings of about 50% in the 
electrorefining of copper and 500% in the electrolysis of Cu2SO4  or CuCl, rather than 
CuSO4, are reported.P.s11  High concentration of Cu(I) can be solubilized as the CuC12-  
complex ion in brine solution. Organic nitrites and a variety of other ligands like CO, 
CH2---- CH2, NH3  also stabilize Cu(I) in solution. Electrolytic recovery of copper via 
one electron process is established on technical scale only for the electrolysis of 
chloride-bearing electrolytes.[52-541  An additional energy saving is possible if, instead 
of the evolution of chlorine, an electrochemical regeneration of leaching medium can 
actually take place on anode. This is described, for example, for chloride electrolyte [anodic 
oxidation ofCu(I) by Fe(III)],[5°.541, as well as for iron fluoborate electrolyte.f55,56) In addition, 
halogen (Cl-  and Br) complexes (referred to as HALEX) have been utilised for the storage 
of anodic energy that will not contaminate cathode product. [541  

CONCLUSIONS 

In this paper we have made an attempt to summarise global efforts/developments 
towards Clean Technology for the recycling of common metals — aluminium, lead, 
zinc and copper. In India, a significant fraction of demand for these metals is met 
through recycling. The scale of operation of recycling plants in India is small or tiny 
as compared to the advanced nations. Implementation of sophisticated technology at 
small scale of operation is not easy. It is not surprising that the recycling industry is in 
a disorganised state. Information pertaining to quantum of recycled metals is scanty or 
missing altogether. In order to correct this scenario, the Ministry of Mines and Minerals 
(MoM) has taken an initiative to create a national forum to promote recycling of 
nonferrous metals in our country through environmentally friendly technologies. The 
form is to include all the stakeholders in the country, including primary producers. 
There is an urgent need to evaluate clean technology options in the Indian context and 
chalk out a plan for the industry. The evaluation process needs to concentrate not only 
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on the technical and environmental aspects but has to focus on scale of operation and 
economic and societal aspects. National Metallurgical Laboratory, with it long 
experience of working in the area of recycling and waste minimisation in metallurgical 
industry is making an earnest effort in meeting the objective of the forum set-up by the 
MoM. 

REFERENCES 
I. Wernick and N. J. Themelis: Recycling metals for the environment, Annual Reviews 
Energy and Environment, 23 (1998) 465-97. 

[2] H.E. Cohen: Reflections on recycling of metals, Mineral Industry International, May 
(1993) 21-22. 

Viland and W Alloys: A secondary view of recycling, In: Light Metals 1990 (TMS-
AIME, 1990) 21-31. 

[4] R. W. Bruner, 'Contemporary Aluminium Recycling', pp 337-351, in 'Light Metals 1976', 
Vol. 2, Las Vegas, AIME, 1976. 

W Gruhl, E. Lossack, 'Mixed Aluminium Old Scrap - a material for aluminium sheet 
production', p 12/1-12/3, in 'Aluminium and the Auto- mobile', Dusseldorf Aluminium-
Verlag, 1981. 

[6] B.O. Szuprowicz, 'How to Avoid Strategic Materials Shortages' (Wiley-Interscience, 
New York, 1981) 206-208. 

[7] Sector Note Book Project on Nonferrous Metals, US EPA, September 1995, 137 pp. 

[8] F Tremblay, M. Litaline and D. Stephens: The Akan fluidized decoater. In: Proc. of the 
Third Int. Symposium on the Recycling of Metals and Engineered Materials. P.B. Queneau 
and R.D. Peterson (Eds.) (TMS-AIME, Warrendale PA, 1995) 19-30. 

[9] B.L. Tiwari, R.A. Sharma, B.J. Howie: Electrolytic extraction of magnesium from 
commercial aluminium alloy scrap. In: Physical Chemistry of Extractive Metallurgy 
(AIME, New York, 1985) 147-164 

[10] Y Tsumura, Method of Refinement of Impure Aluminium', US Patent US4430174, Off. 
Gaz., 7 Feb., 1984. 

[11] K. Tokoda, K. Nagayama, Y Tsumura: Study of process of removing - magnesium from 
aluminium alloy. In: 65th Conf Japan Inst. Light Metals (am, Tokyo, 1983) 2 

[12] H.M. Van der Donk, G. H.. Nifhof and C.A.M Castel ins; The removal of iron from molten 
aluminum. Proc. Third Int. Symp. on the Recycling of Metals and Engineered Materials. 
P B. Queneau and R.D. Peterson (Eds.) (TMS-AIME, Warrendale PA, 1995) pp. 651-661 

[13] A. Aarflot and F. Patak: Dynamic vacuum treatment of molten aluminium and its alloys. 
In: Light Metals 1976, Vol 2 (AIME, Las Vegas, 1976) 389-401 

[14] W Hilgenfeldt and I. Hilpthann: Vacuum treatment ofaluminium melts, Giessereitechnik, 
28(2) (1982) 40-44. 

[15] 0. Richly: Vacuum degassing of aluminium melts. Aluminium, 57(8) (1981) 546-548. 

[16] M. Szweycer and J. Jackowski: Possibility of applying vacuum degassing of 
aluminium alloys in foundries. Przegl. Odlewnictwa, 31(5-6) (1981) I 60-1 66. 

[17] M.F. Khabron: An Improvement in vacuum refining of aluminium alloys. Light Metal 
Age, October (1982) 33-34. 

[1] 

[3] 

[5] 

186 



Rakesh Kumar and Amitava Bandopadhyay 

[18] 11. Gerlach: Factory experience of the vacuum treatment of aluminium melts. In: 
Processing of Molten Aluminium in Foundries Metallurgical Plants', Duisburg, U. Agst, 
October 1981, pp. 85-100. 

[19] L. Smith: The role ofcoreless induction furnaces for recycling aluminium scrap, Resource 
Conservation and Recycling, 10 (1994) 185-191. 

[20] F.L. Kemeny, D.J. Sosinsky and R.J. Schmitt: Development of a dc plasma-arc furnace 
for processing aluminum dross. In Light Metals 1992 (TMS-AIME, Warrendale, 1992) 
1147-1153. 

[21] Gill, 1LZIC Quarterly, 5(2) (1997) 1-6 

[22] Recycling and Lead and Zinc into 21st Century (Supplementary Volume), Proc. 6th Int. 
Recycling Conf, 18-23 June, 1995, Madrid, Spain (International Lead and Zinc Study 
Group, London, 1995). 

[23] Mackey and R.D. Prengaman, Lead-Zinc '90 (TMS-AIME, 1990) pp. 13-38 & 453-548. 

[24] R. Vincent, The International Lead Trade (Woodhead Publishing Ltd., Cambridge, 1994) 
320 pp. 

[25] Jolly and C. Rhin, Resource Conservation and Recycling, 10(1994) 137-143. 

[26] Lakshmi, ILZIC Quarterly, 5(1) (1997) 37-40. 

[27] A.D. Zunkel and J.C. Taylor, JOM, 40(1) (1988), 32-35. 

[28] Recycling and Lead and Zinc into 21st Century, Proc. 6th Int. Recycling Conf, 18-23 
June, 1995, Madrid, Spain (International Lead and Zinc Study Group, London, 1995). 

[29] Koch and J.C. Taylor (Eds.), Productivity and Technology in Metallurgical Industries 
(TMS-AIME, 1989) pp. 473-510. 

[30] R.D. Prengamon, Recovering lead from batteries, JOM, 47(1) (1995) 31-33. 

[31] G. Diaz and D. Andrews, Placid - A clean process for recycling lead from batteries, 
JOM, 48(1) (1996) 29-31. 

[32] G. Diaz and D. Andrews: Placid lead for batteries, Batteries International, April (1996) 
73-74. 

[33] Rajiv and V.R. Subramanian, ILZIC Quarterly, 5(1) (1997) 9-16. 

[34] G. Diaz and D. Martin, Resource Conseravtion and Recycling, 10(1994) 43-57 

[35] U. Kerney, Treatment of spent acids from hot dip galvanising, Resource Conservation 
and Recycling, 10(1994) 145-151. 

[36] U. Kerney, INTERGALVA, June 1994, pp. GE2/1-2/3 

[37] H. Bussman : Recovery of copper and associated metals from scrap materials, In Proc. 
Conf on Recycling of Metalliferous Materials, Birmingham, U.K., 23-25 Apri11990, 
The Institution of Mining and Metallurgy, London, 1990, 43-45. 

[38] K. Gockninn : Recycling of copper, CIM Bulletin, 85(958) (1992) 150-156. 

[39] M Viswanathan : Integrated pollution control and waste management in copper base 
processing industries, Minerals and Metals Reviews, 3 (1998) 105-111. 

[40] W.G. Davenport : Copper production, In M.B. Bever (ed) Encyclopedia of Materials 
Science and Engineering, Vol. 2, Pergamon Press, Oxford, 1986, 847-848. 

[41] W.S. Nelmes : Current trends in smelting and refining of secondary copper materials, 
Trans. Inst. Min. Metall. (Sect. C : Mineral Process. Extr. Metall.) 96(1987) C151-155. 

187 



Clean Technologies in Nonferrous Metals Recycling 

[42] H. Tobback : The challenge for recycling, In the proceedings of conference Copper '91, 
Ottawa, Canada, 18-21 August, 1991, Pergamon Press, New York, 1992, 313-320. 

[43] M. E. Henstock : Recovery and recycling of copper, Minerals and Metals Review, 
September 1996, 68-78. 

[44] H. W. Richardson : Recycling (Nonferrous Metals), In J.I. Kroschwitz and M. Howe-
Grant (Eds) Kirk-Othmer Encyclopedia of Chemical Technology, Vol. 20, 4th Edition, 
John Wiley and Sons, 1996, 1111-1114. 

[45] M. Figueroa, R. Gana, L. Kattan and A. Parodi : Direct electrorefining of copper scrap 
using a titanium-support system in a monopolar cell, J. Appl. Electrochem., 24 (1994) 
206-211. 

[46] A.K. Biswas and W.G. Davenport : Extractive Metallurgy of Copper, 3rd Ed., Elsevier 
Science Inc, 1994, 324-432. 

[47] G.A. Kordsky : Copper solvent extraction : the state of the art, JOM 44(5) (1992) 40-45. 

[48] J.A. Marinsky and Y. Marcus : Ion Exchange and Solvent Extraction, vol. 13, Marcel 
and Dekker, 1997, 204-205. 

[49] C.C. Nesbit and S. Xue : Recycling of base metals from metal wastes of brass foundries, 
In J.P. Hager, B. Mishra, C.F. Davidson and J.L. Litz (eds) Treatment and Minimization 
of Heavy Metal containing Wastes (TMS-AIME, Warrendale) 1995, 43-56. 

[50] S.H. Langer, M.A. Nemtz, T.D. Kaun and J. H. Anderson, In the proceedings of conference 
on Chloride Hydrometallurgy, Brussels, Sept. 26-28, 1977, Benelux Aletallurgie, 
Bruxelles, 1977, 134-153. 

[51] D.M. Muir and A.J. Parker : Energy considerations in the electrorefining and 
electrowinning of copper via copper(I) solutions, In Energy Considerations in Electrolytic 
Processes, Society of Chemical Industry, London, 1980, 29-42. 

[52] J.E. Hoffmann : Winning copper via chloride chemistry - an elusive technology, J. Metals, 
43(8) (1991) 48-49. 

[53] H.K. Lin, X.J. Wu and P.D. Rao : The electrowinning of copper from a cupric chloride 
solution, .1 Metals, 43(8) (1991) 60-65. 

[54] P.K. Everett and A. J. Moyes : The Intec copper process, In Proc. Int. Conf on Extractive 
Metallurgy of Gold and Base Metals, Kalgoorlie, 26-28 October, 1992, The Australian 
Institute of Mining and Metallurgy, 1992, 287-292. 

[55] G. Zoppi : Process for Direct electrochemical refining of copper scrap, Patent 

GB22677716, U.K., June 1, 1993. 

[56] M. Olper and M. Maccagni : The ECUPREX process for production of high purity 
cathodes from copper scrap withbut smelting operation, In G. W. Warren (ed) EPD 
Congress 1995, The Minerals Metals and Materials Society, Warrendale, 1995, 465-478 

188 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15

