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Processing of Elements Separation for Recycling Technology
in Waste Electric and Electronic Equipments (WEEE)*
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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.1 Relation among environment efficiency, Recycling efficiency and cost efficiency for a sustainable efficient
WEEE-recycling.?
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Fig.2 Eco-efficiency of materials for metals and product for plastics?.
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Fig.3 Sustainable optimization has to consider the entire WEEE recycling chain?.
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Fig4 An example of recycling process for PCs in EU®.
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Fig5 Reproduction process for PCs in Japan®.
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Fig.6 Anexample of recycling treatments for PCs in EU.
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Fig.7 Metals refining is a complex “disintegration” process which generates well

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

combustion?.
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Fig.11 Comparison of treated efficiency for as received size and crashed small size specimen of waste PCB after

combustion?.

4.2 raF TR OEE

WEEE D7 T AF v 7 A%, BHRIEDMEE
(I T, Br BX 0 Sb O EL 72D, BEER
fWETOT L EE (brown goods), T—H& 71
Ty —©0.P.) BLOFBEEQ.E) B LOVEER
HEDREESEL (White Goods) TlE, Table 3 (TR
FTEIIT, Br 1T 4.4~5.3%IF LT Sb 1F 0.4~
0.9% &4 L, PCBIL, Br N 9%aH L T2,

PR - RO U A 7 MZHW T, PCB
i%. Fig. 12 |TRT70—0D X ) ICFEEX - & 1%
BRI « 53 - SYBEAARC, s ng 2, 7Y
¥ MERREAR AT D ) A 7 ud, — RIS, <&
BERBIFAHV S, ~T U T A v (Bl
SREN) . =~ VA I EE, A, R
Bo) W I DA 7 (e, REER
N, FRFZZR S TWD,  FBEUFENIE, TR (&
AR, AT =y b AZNASOEIHEDHE
PEC, ~a s IR L0 M BITRE D

ZEIMED, LU b, SEUSURIZ I DR,

NVhFE, RBEFEO T AL, FHEKIZE D
BT KEEROIAFZ L DRI, TEE,
BAEAMOAERIZ & D & 52 HRK T ER% %
R, F A NI, FRBRIF D L L 9T DRl K
UESSEEE SO RIZ L RE T 5,

97

WEEE
4

Demolition,
Decomposition
Separation

L 2
Waste PCB

§p ------------ * ----------------------- *-----------ug

System with
Mixed
treatments

System with
a single
treatment

Refining furnace

Materials recycling (Valuable metals)

Thermal recycling
(Pyrolysis, Gasification, Combustion)

Chemical recycling
(Recovery : Chlorine, Bromine)

L 2

Gas (dust), Slag, Matte Metals
Behavior of Halogen Composites
Behavior of trace metal elements

Recovery and Decharacterization

Halogen Elements and Valuable metals
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Table3 Compositions of Plastics in WEEE. Table 4 Behavior of trace metal elements in

(mass%) copper refining?”.
Elements & Kinds of WEEE Matt | g
Others 56 or& | WG | PeB : (;) | %) [M]{M} Remarks
OF Ag | 985 10 05 Depend on

C 79 65.8 46.4 27 Au | 985 10 05 matte grade
o 34 A 20 | 30 Ni | 973 ] 22 05
H 68 59 | 56 | 23 Co | 630 | 365 05
Br 44 53 51 | 9 Pb 564 | 137 | 208
cl 1 12 0 0 zn | 220 600 80
Sb 13 19 04 0 cd 129 | s0 0.1 Depend on
B 002 | 014 | 06 | 1 As | 93 | 179 | 728 degree of
Ferrous 0 0 0 0 sb | 309 | 519 8.1 oxidization
Non-Ferrous 13 42 142 30 Bi | 240 10 750
Glass 07 16 | 22 | 0 T | 309| 437 | 163
Others 0.35 2.2 0.2 0 Te | 708 184 108
Total 100 100 100 100 [ MJ{M}: Concentration Ratio of matt / slag
B.G; Brown Goods
DP & OF; Date Processing & Office Equipments, 02 BN SIpRAl s Sl SOk = UIEN

W.G; White Goods
P.C.B; Printed Circuit Boards

Table 4 | T K D IZAERMT 2 EEAERAEN, HA, AT 7 =y b AZVTHY, ZiLbOMHEDMK
B5#E L LT Cu, Zn, Pb, Sn, Ni, Au, Ag, PGM D0 TH D, HBIEENT, HECHAMEELE LTEHATH
N

BILHEDOFEINT, DR OHIETE, Ay, Ag OESEL Ni X, ~ v MBS S, POMIE, Ni &
@) L [ARRIC~ > MIZIE SIS, Cd, As BEOYBI IHER L, TAPIIRESND, Zn BLOSh 1T, A7
THIZHBLSI, AT TBRENFRETH D, TNHDOTLROZFEEL, SR OLEWIRRRIT L, BY15FH
T — 2 CORMEARE TR LV HEEFTRE CH D, MHRBLETIE, B Lt ORISR
O EERIBRIC L VHEEFTRE Ch D, S BT, MBS, avta—F—Z2 e lal—a b3k
HL~UCBIE L >oH 5 0,

WS, IR D NCRBEOENUL, 7 I AV A Z0E LT, HrFSi, HC1/HBr O el L, 78
BB 5 FiEH DL, NaCl/NaBr OFKCEMX L, FREMS COMEPMRREIN TS W, g1 K
D AT U TEREOENUL, AR A A3 KOS, OIAFRIF I TR S D,

4.3 PEHABERICKT AIBEITTROEE)

SHTRBRI I 1T DHET A DFEAUL, Fig. 13 (TRT K D IS BRI ONZHENF CHAE LT ADFEEVR A T —
(TR A L7-th, HOBRERK T A MEBREL, SOITHHEEE, YA 7 ar s —F—iFNziEo
PRI T, RS TRRIZE DN D, T OhRILE TR TIE, As 13 As,S; & LTRSS, Cd 13 CdS
O,DIETHILENS, Cl, F, BriZNa LD E LT NaCl, NaF BLONaBr & L TR END, Fef&filih
& L CORPROME 2R T D728, I ABEE TR 4 O TR SIRIE D RE SN D,

98



5. WEEE U¥A 717 RDER

WEEE U YA 7 Wid, Fig. 3 ITRL7=ZLD Dry Process Flash Peirce E
- INpim s L Furnacel Smith .
\Z WEEE DRI, 43fif, RILLER, s X OVAE - 3 Converter | :
BB CEASND, LG, WEEE U v
YA I NT R AL, TR B ITAE Hot ESP Hot ESP | :

\ L HEHFH R TR AR
AEDERRETIX ARV, S5, Bk LY oA 7

Wet Process

NF = —2OBREA U /2TUT e 5780, ARk Cooling Towers

WD, RN IR BT, EARONE,
BROMBUCHO B, iEh S HEEs, dign
HERB LIOEO ARG RIS, &R
ROk, BEIEAAE, SR TEMEL BREL ERBIU0ERD-EHIFAEND 2, Znb0
L, BRI SN T2 D00 H 50, S b 0SB OB - IEnnEE s Shd, FlziX, Z0ERK
WX, SeibiErE U CEROETFARN MR, BT LW KR - (bEE KO ER SRR EA~ DR
V. RCKTOWEEE VA 7 7oA, Fig. 14 1TRT LIS, ENLOIEHH LWL, #H e SihvoD
H5,

Fig. 156 |- 996IRIE, BEFE PCB M L7ciRka XLy MRIZED, =F v L—H2fRL T 77

- . Gas Scrubbing .
SN DVIRE S BICIENZ I3, ’ Cyclons Cooters :
B LB S35 72 I SZ-EICHV B Cooling Plant :
%, FNHOELIL, Fig. 14 TR LI ICh Wet ESP’s :
Hp D TR - U TSHIN, FIHSR T v
HURAR B, L, BUROHIE T/ ST sulturic Acid :

Production -

Fig.13 Production process of sulfuric acid in copper smelting?.
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