
Processing of Elements Separation for Recycling Technology 

in Waste Electric and Electronic Equipments (WEEE)

by Takao ARAKI**, Ryuichi AGAWA *** and Yasuhiro TSUGITA **** 

Abstract 

In recent years the use of electric electronic equipments (EEE) has rapidly increased due to the rapid growth of 

information and communication technology, the shortening of the product development cycle and lowering of 

product costs. However, this trend creates an equivalent rapid increase of waste electric electronic equipments 

(WEEE) at the end of the product’s life. Processing of elements separation for recycling technology in WEEE 

performs in consideration of environmental efficiency, recycling efficiency and cost efficiency. Finding the right 

balance between ecological and economical performance is crucial for a sustainable efficient WEEE recycling. The 

process of element separation is a recycling chain and a complex disintegration process which generates well useful 

output products. Many of those products use internally to manufacture new materials for industrial applications. 

This paper presents the trend of element separation process for recycling technology in WEEE to do close the chain. 

Key words: Waste electric electronic equipments WEEE , Environment efficiency, Eco-efficiency, WEEE 

recycling chain, Printed circuit boards , Elements separation, Treated efficiency, Laser ablation method
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Fig.6  An example of recycling treatments for PCs in EU
5)
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Table 1 Parts of PCB and Materials of Structures
6-7).

Parts Main materials 

Package Epoxy(Silicon) 

Lead frame Kovar, 42 alloy, Sn plating 

Chip Si 

Bonding wire Au 

Die frame Kovar, 42 alloy 

Die bonding Ag, Au-Si eutectic 

Solder Pb-Sn alloy 

Board 
Epoxy(Brominating), Glass fiber, Cu 

circuit 
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Fig.7 Metals refining is a complex “disintegration” process which generates well 

defined output streams2).

Table 2 Elements of PCB
6-7)

.

Materials Elements 
Concentration 

(mass %) 
Total 

(mass %)

C 18.1 

H 1.80 

N 0.32 

Org-O 6.03 

Br 5.17 

Epoxy 
resin 

Sb 0.45 

31.77 

Si,SiO2 24.7 

Al2O3 9.35 

CaO 3.36 

MgO 0.081 

BaO 0.002 

Na2O 0.090 

Glass
fiber 

SrO 0.035 

37.62 

Cu 14.6 
Circuit 

P 0.014 

Sn 5.62 
Solder 

Pb 2.96 

Fe 4.79 

Ni 1.65 

Cr 0.356 

Lead
frame 

Mo 0.016 

Ag 0.0450 

Au 0.0205 Contact 

Pd 0.0220 

30.09 

Total - 99.48 99.48 
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Lead(Pb)                               125,000t

Copper(Cu)                          >35,000t

Selenium(Se)                              600t

Bismuth(Bi)                                400t

Antimony(Sb)                          3,000t

Nickel(Ni)                                 2,000t

Tellurum(Te)                               150t

Gold(Au)                                    >100t

Tin(Sn)                                      1,500t

Arsenic(As)                              1,000t

Platinum Group Metals(PGM)   100t

Aggregate for concrete & dyke fortification                     140,000t

Silver(Ag)                                 2,400t

lndium(In)                                      30t

Sulphuric acid                     100,000t

Fig.9 An example of total metal recovery in a company in EU
2)
.
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Fig.8 An example of a smelter refinery at Hoboken/Antwerp (Belgium)
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Fig.10 Comparison of metals recovery ratio between as received size and crashed small size  specimen of waste PCB after 

combustion8).
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Fig.11 Comparison of treated efficiency for as received size and crashed small size specimen of waste PCB after 
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Fig. 12 Flow of recycling treatment for WEEE9).
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Table 4 Behavior of trace metal elements in 

copper refining
9)
.

Matt
e

(%)

Slag
(%)

[ M]/{M} Remarks 

Ag 98.5 1.0 0.5 

Au 98.5 1.0 0.5 

Depend on 
matte grade 

Ni 97.3 2.2 0.5 

Co 63.0 36.5 0.5 

Pb 56.4 13.7 29.8 

Zn 32.0 60.0 8.0 

Cd 14.9 5.0 80.1 

As 9.3 17.9 72.8 

Sb 39.9 51.9 8.1 

Bi 24.0 1.0 75.0 

Tl 39.9 43.7 16.3 

Te 70.8 18.4 10.8 

Depend on 

degree of 

oxidization 

[ M]/{M}: Concentration Ratio of matt / slag 

Table 3 Compositions of Plastics in WEEE.

mass%
9)

Kinds of WEEE Elements & 
Others 

B.G DP & 

OE

W.G P.C.B

C 79 65.8 46.4 27 

O 3.4 7.7 20 30 

H 6.8 5.9 5.6 2.3 

Br 4.4 5.3 5.1 9 

Cl 1 1.2 0 0 

Sb 1.3 1.9 0.4 0 

B 0.02 0.14 0.6 1 

Ferrous 0 0 0 0 

Non-Ferrous 1.3 4.2 14.2 30 

Glass 0.7 1.6 2.2 0 

Others 0.35 2.2 0.2 0 

Total 100 100 100 100 

B.G; Brown Goods 
DP & OE; Date Processing & Office Equipments, 
W.G; White Goods   
P.C.B; Printed Circuit Boards 
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Fig.14 Many of these metals are used internally to manufacture new materials
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Fig.15  Appearance of thin films made from pellet of 

PCB powder by laser ablation method
6-7)

Epoxy resin Ether

Fig.16  Structural analysis of thin films by Fourier 

Transform Infrared Spectrophotometer (Laser 

fluence: 0.5J/cm
2
) 6-7)
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