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Separation for Recycle of Metal/Resin Composite Wastes by Selective
Input of Electromagnetic Energy
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Basic research on unique material recycle process for metal/resin composite waste such as
electric circuit boards was carried out. Using induction heating of metal, the surface is heated
selectively and then the bonded surface between metal and resin will turn soft or melt. Finally, the
bonded surface will be separated and each metal and resin is recovered with minimum material loss.
When metal/resin films with simple laminate structure were used as experimental samples, easy
separation of the bonded surface was confirmed by using induction heating.
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Fig. 1 Conceptual diagram of prospective
metal/resin separation mechanism by induction
heating
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Fig. 2 Photographs of metal/resin sample ((a)
circuit board, (b) aluminum laminate film)
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Fig. 3 Schematic diagram of experimental
apparatus

AT CfEH U7z S8Rk iE oS X % Fig.
3Rt EERIEE XN 30 mm DA EE S
4B\_nm§?buiﬂﬁﬁzﬂxf/v%e RELTZHLOT, A
FENICHRE 2 A LS RS %mﬁ%ﬁ
I L Ao TN D, R NS E S 1T
FIEEN AIRE /R TH IR D 25 1E (Ameritherm Inc.,



Hotshotl) Z MW 7z, [FIZEE X, &8 ER
W, A UGB HEAEIRE S XL OEH = 1 v
M7 0 R INE LKW, B ST E st
ZWOIIRRLE X E I L - T 150-400
kHz OfiH CHEBIMIZKELT D L5 T 7
g5 AENT WD, A VICITELR 6.35 8
XOV3.2 mm O A T EHV, BEITEN
FTh2BLOHRELEL, TOLETOHES
MO IANEITZENLEN 25 BLON45 mm
ThHo7,

3. 3 FEBGE

ARSONE 2 W EBROBRICIX, BEko
ENER X OV B 2 R T D 72, RIS
100 pm DH T A B — X &2k & B TRA
LTW5, £, RehnahH (EEkEO%
B AN—UH) EREARE T L0 L.
B EIRE A TR L BT, — RN E
B EWVWD HIETITolz, ERANT A=K L L
T fE#A225% 0.2-1.3 L/min, & &% % 30-200
A, REIERE0220g &L, —FH, LVH
AL L2 MBSEBR AT H 2b, 71T IX
— M7 4V A ENER) 10 mm OFERRIZERT L
Tl a2 A VNIZERE L, K& TR JE s
Fna1T -7, 7ok, LiRowE Y &EwE O JE
WEITRBHEIRIC L > THREICET T2 &
I T a—= TR EIND D, ZOfEIZD
WTIEERER L L ORTZ & 295, Mgk
#oOREE B CHEIET 5 LT, NEWRIC
A LT B R RS (BERETERCSY) 27 &
r oA L. GCIMS 1T L 0 @M 21T - 1=,

4. WFTRRE

4. 1 Tk

— R, R RN END JFE ) & BN
MEOBELTIEFIN S WIE ERAEN S
LHEEbNLTWS, LML, LT D4
& - BHIEEAFEED T, VWb D E-Waste &5
WEENDIEEEHOEVEEBCH - 713
=T ANERER DORYE HD D720, mE
WA E NN X DIEE A X OBHE Y
DAL, - TR, BRI OV TR T 5
VERH D, I T, TR eE LT5 mm
MICHELZE BB IOT LI T
N Sl N 0 N b D=5 b 3721 DI
BRaAT o 72, EBREMIL, EFH AFE 0.2
L/min, =& H ) 150 W, [ &%k 270 kHz
&L, BRBHIEE R IRIE TINE L7,
INEABRARIE % 72> Bt K WAL S 1V |
BRI TL TV D Z RSN, K
3 B L 7= 1% OB OSMEL A | Fig. 4 1R
7, BRI A @Q)ITE IR D 0 LT L,
—WRIL L TV D EE SRR S T, BE L
DHEBE S LEELTZREOEETHY, &
BRI S N2 o Tz, — ., TAITIX
— N7 4 L A D)IEEEICEEEIZEE L
TWER, BHICT A INSSHET 52 L)

AHETHDZENRALNE ST, ZDL X
FA LTSy A il L GC-MS (2 & 0 43 #r
FAToT-fER, BEFRIEERCTIEI 7 =/ —b
RER T =2 /) —/LADE—I 0N, TV T
F— T ANVATEI T T I HLADE—
7 DN RVEFURERS S A, BIIR D =Rk 53 93 53 i
LTWABZ LW RENT,

(a) (b)
Fig. 4 Sample appearances after induction
heating ((a) circuit board, (b) aluminum laminate
film)

T[] S R 0 T 7 A R SR N BB AL
POTRFIMIEL T AHETHD . &5
\ZHEBRA (RIS REIC L > TR A A, ik
BEIED D THIITY »FH. THLRITTIE
RBEREWILEY) DEEFNLTNWD, TDT-
B, MRS THEA LTS, & 5 I2HRANC
ERTOEERTALBET HI0, Ytk
BHZ R AR OE IO\ TiE, FiE
REMHITOVWTESITRETT AVLERD S,
—H, TAITIFR— 7 A LT
HEHICHENTHDZ ENHLMMNE RS T=D
T, UBEOBRFCIxSEZA Wb L &
T 5,

4. 2 BOERE

TV T I3 — N7 4V O E NS
INEGZ K 5 FIREER X OBy 8z o
WA 2 BT, BBt OBV R 2 iR T
HZLIFEETHD, £2 T, 7~EBE - 2\
BONTEEE 2 T, YiZalEt O BRI
OWTHEZIT 72, TORIR % Fig. 5128
T, B, v VT —HANIEE A E
LA~V T AEHFG, FEHEE 2 Kimin (2T
HEEIT- T2,

100 10
18
80 16
z 14 o
L 12 3
£ 10 2
40 N
= {22
20 14
1 -6
0 -8
300 400 500 600

Temp. [°C]

Fig. 5 TG and DTA curves for aluminum
laminate
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Fig. 6 Temperature changes of sample surface

Fig. 7 Sample appearances after 3 min induction
heating at 150 A and 415 W ((a) optical camera
photo, (b) thermographic photo)
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Fig. 8 Thermographic measurements 6 min after
induction heating ((a) 1 mm square, (b) 10 mm
square)
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Fig. 9 Temperature changes of the reactor surface
(fluidized bed condition)
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Fig. 10 Temperature changes of the reactor
surface (fixed bed condition)
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Fig. 11 Sample appearances after irradiation
heating ((a) about 220°C, (b) over 300°C)
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