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Statement of the problem

Electric and Electronic scrap are often defined as complex products with a content of printed 
boards (PCBs). Today, these PCBs constitute an environmentally problematic fraction in 
disposal.

These components contain most of elements in the periodic table (some elements are 
uniquely used in electronic components) and may thus be seen as resource of rare and 
sometimes valuable resources.

Today the important resources (about 20%) are not recovered in the operations of secondary 
copper smelters. Tantalum is not the only resource lost in this way. From PCBs, antimony, 
gallium and some platinum group metals are also lost. These elements are present in small 
amounts, too small for them to be economic relevance.

Aim

The main objectives of this investigation are:

A·  Identification of the components in products (EOF-EES) 
             containing rare metals and rare earth elements,

B·  Quantification of these elements,

C·  Method recovery.

Printed Circuit Boards

Material Issues:
There are a large number of environmental issues involved in PCB treatment processes 
due to their complicated mixture of chemical and material substances. The composition of 
PCB includes three major material classes: 

Organic (24.8%),
Primarily plastic with flame retardant (environmental problems). C-H-O polymers, 
polypropylene, polyesters, polychlorinated biphenyl (in some capacitors), brominated 
flame retardant and paper.

Ceramic (47.6%),
Alumna, silica, barium titanate and cone glass, which cause little environmental problems.

Metals (27.6%), 
Variety of metal materials including: Pa, Ti, Ag, Pt, Cu, Al, Zn, Fe, Pb, Sn, Hg, Cr, Be, 
Sb, As and Ni

The electronic scraps contain not only base metals such as Fe, Cu or Al, but  
other rare metals in low concentration are also contained in these materials. 
These metals are usually used as alloys in different parts of electronic 
equipment. Some metals are not recovered, despite their importance in the 
product before scrapping. For example Tantalum used in tantalum 
capacitors on printed circuit boards, is not recovered, and is lost to landfill 
instead, as post processed or rejected scrap.

The identification of rare metals in electronic scrap can be performed by 
combination of different techniques of analysis, such as AAS or IC Plasma, 
XRF, SEM analyses, TEM, and Thermal analysis.

New methods must be developed to identify and to separate these 
potentially recoverable resources, in order to achieve an economically 
attractive route to their recovery from EOF or EEE.

Hydrometallurgical (solvent extraction and Ion exchange resin) and high 
temperature metal recovery methods are two possible techniques to recover 
the rare metals contained in the electronic scrap.

Conclusion

Intergrated circuits

Moulding compounds
Leadframe
Chip

Gold wires
Ceramic packages

SiO2, silica glass, plastics, Br, Sb oxide
Cu, Ni-Fe alloy, coated with Ag or Ag-Pd, Au wires attached
P, Br, As, Sb, Al

Au with small amount of Cu and silocon
Al2O3, W, Mo, Ca, silicon, Ti, Au-silicon alloy, Al wires, Cu

Other semiconducing
materials

Ge, Ga-As, Ga-P, In-P, Ga-As-P, Hg-Cd-Te

Diodes Ge and silicon, small radioactive isotopes

Capacitors

Zn, Pb-Sn, Sn-Zn solder, Fe, Cu

is the same as metallized paper

Al, Ta2O5, Mn oxide

Metallized
paper Cap.

Metallized
plastic Cap.

Al electrolytic Cap.

Ceramic Cap. Au-Ni, Pd, Ag, Sn, Ca, Mn, Pb, B, Na, Al, K

Resistors

Inductors

Interconnection
materials-solders 
and adhesives

Indicators 
and switches

Electron tubes

PBA connectors

Au-Ni, Cu-Ag, Ni-Fe, ceramic glass, Ni-Cr

Cu, ferro-magnetic may have Pr, Co, Nd in the ferrite core

Relays
Fe, Cu and epoxy resines, Be
Fe, Ni, Mn, Zn, Co, Cr, Si, Mo, Ti, Al, C, V, Ba, Sm, Se, Pr, Nd
Cd, Au and Ag in thin layers

63%Sn+37%Pb in solder, for surface technology
2%Ag+36%Pb+62%Sn,other alloys Sn-Sb, Be-Sn, In-Sn

Contain special semicondustors; InP or GaP, Fe, Cu,
plastics, Cu, Ag, Au, Pl, Be-Cu

Pb, Cu, Al, W traces, Hg, radioactive isotopes in microwave transmitters

Flame retardant

Printed wiring
Boards (PWBs)

Flame retardant

Fiber (glass, aramid, carbon), cellulosa paper, flame retatardant

Chemical composition of Printed Boards Assemblies (PBAs) 

Cathode Ray 
Tubes (CRTs)

Si, Sr, Na, K, Ba, Pb, Al, Ca, Mg, Sb oxides
Fe oxides as tracesNeck and funnel

Faceplate
Si, Sr, Na, K, Ba, Pb, Al, Ca, Ce, Zr, Sb oxides
Ti, As, Sb, Ce, Fe oxides as traces

Flat Panel 
Displays

Liquid Crystal 
Displays (LCDs)

Plasma displays

Electroluminiscence-
displays

Hg, and rare earth metals in the lamp used

Hg, and certain radioactive isotopes, Ni63, Kr85 

ZnS and rare earth metals or heavy metals

Chemical composition of Display Equipment

Batteries and accumulators

Antennas

Data storage media

Lighting equipment

Cables and wires

Sensors

Connectors

Sound-generation

Heat-generation devices

electric components

Motors, generators and transformers

Protecting details

Pb, Cd, Hg

Al, stainless steel and brass, Cr, Ni

Fe, Cr

Hg, Pb. rare earth metals, Hg, Thallium

Cu, Sn-Pb and plastics (As, Pb, Sn as stabilisers)
and Pb, Cd, Ti, Fe, Cr in colour pigments
CrMgFeCoNi with plastic binder, BitiO3, CdS 
or CdSe for resistors

rare meterials, Fe, Cu, Ni, Cr, Ag, Pd or Au

Ni, Mn, Zn, Co, Cr, Si, Mo, Ti, Al, C, VBa, 
Sm, Sr, Se, Pr or Nd
CrNi, CrAlFe, CuNi in electric radiators, 
stoves, cigarette, lighters, toasters and others

capacitors, inductors, resistors, semiconductors 
and relays
Fe, Cu, Pb/Sn solder, Ni, Mn, Zn, Co, Cr, Si, 
Mo, Ti, Al, C, V, Ba, Sm, Sr, Se, Pr, Nd

Fe, Al, plastics, wood

Chemical composition of other constituents of electronic equipment
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Evolution of EEE consumption in EU

Precipitate: Ce(OH)4

Rafinate
La, Ce, Pr, Nd

Solvent extraction

Raffinate
Sm, En, Gd

Precipitate: EuSO4

SIR method

Recovery: Sm3+, Gd3+

Dissolution

Solvent extraction

Stripping

Solvent extraction

Stripping

SIR method

Recovery: Dy3+, Y3+, Tm3+,  Yb3+

Tb, Dy, Ho, Er, Tm, Yb, Y
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