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1. [ZL®IZ

gL L O S (BEf& 1987) MM S CLIE, A TSURMEEE LT, U¥A 2L,
HEEEGOFA2 DIRREN2EN (BB 2006) ., UT4EZ O BAKA 225 508 B 235 i &
iz (BRETE - RRIFPEEE 2009), SHIZZOEADOEE Y & &bz, ARTHLL OB
DEDOME L BREAMEZ GO ORIND LI IZo7-(RES 2009, —J7, 21 Hbfdic
Ao TIRBEATSAEEITET 72U Yo 7 VBIEER AR S, HEiE, FENUMLA .,
TIZAT 4 v 7 DY YA T IAREINEEN . EOBRERA DR AREEIC > TNy ay
UHA 7 bb— b &, BIENIRERRA EL>oH 5, LarL, NMUEEMO U
A 7 AT U TUEIRIEIER 2B A3 2 ST TWVZRN 20D, 2007 0 LIRFFEEE L8R
Bl & /NGB Y YA 7 BT R 0 Y = 7 BB SR, BEZ O EE b
LAZEU Y AT AORIE LR BREF STV D (BREEE 2011),

ZOEIRVIA 7NV AT DEO BRT, S, REEM O THORFMIER I
BEE LTS, BIETIZIAARD LT A X VERIE FEREE 2 AR D sk & U CHREH
ENTNWD, TD=WH 2009 FRFEEEIL LT AXVEK] Z25REL, LT AXL
DL EMAG DHECR T2 D IZOWNEIROMELR. @ U A 7 L Dfigite, @M BFE DB %,
@OLT AXNVOIHEE VD 4THBOH#HMN R L (@i 2011), £72. FHanH.0
L7 ARVEEANBEIE & LT 2007 T [oeRERIE] 2T HH L, L7 A 2 Lk &
2T, AL TWD (CUER R4 Webpage 5 (IR B 77 1 iy i BB %
Webpage ; J5 FH 2009 ; J5IH 5 2010),

L LEFEE LTLT7 AZAOBIIST LHIEFCIER<, P eh/VIFEEX, L
TAZNVOEBETHLHIZH0 000 T . SEPICEICRIIER L TWDH7eHic, £
EEDILT AZNVOENLY YA 7 VITEK EOBRBORELE /o TWD, Z0LH 7%
KA Z IR T A 70RO BN D Z E1E, RO ZAIDNBEND EEZLRT
W5, —OIEEINELZH EXEL2ETHY, b —DIXHRY - TE - BREOR
HEHEMBERETHY, N EBIEI A N TOEBENRRDONTEY . BITHFFEOTTE
BRI SN TWD, 29 LI/NUFEEOY YA 7 VEHEL TWLMFFOER L LT, /h
BCh NP ZIEFEYIEESNLT 0D, TOEFRMEINTLEIMEZFEF>TND
RTHY, PTHEFERITEx =2 U T ¢ REOHE THHH 2 FHEX DA RN T &8
ST d (W) EXEEFEDS 2011 BREYE - RFEES 2009 ; HEDH
Webpage ; £ L5 2009 ; £+ |- Webpage) ,
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ZZTARBETIE, D OEEFRT 72010, B AT LD TR EREE:
it & 2 8H) ST BAFICH Y MA TV D, AT A BT 5 & BICEE N ESE5
T2 D DFT= MRS v AT L OFRRIZEIT 2098 (FHE S 2009 ; M5 & Webpage ; £ E
Webpage) & . [BIINTL D48 O (RHE) (ISR 28898 CRFnE 2009 5 JEH 2010) @
TOIKBIESND N, AEO XS5 ICENEZEE) L CHRET RAITIEE A SR BN
A

—J5, BSOS TR T, AIEE L CREERE L (BRIE L) BEihi Rk
LT, ARIEES (BIR) OBZ2H > ONRFAITH S0, FEATHFROREMEINIC N
TIE, TEREL 2 Ea A &L BT 5 aReEtkids e, E700H TR TR
R 2T —FERe U CEEEORISBE Y a2 (B, #0. BENSIT) TR S ik
(B 2005) THY ., AROBIMBHIZHK LR BHREFDALZ LIZhDDT, 7
YA EDOIASTyTFRELL T ERMBEE LTHET LN TWD (FREE Webpage) .

Z ZCAMFE T, R & IRE O ERRIBIR 2 L 2 71T, ALER G A 4 i
HHETERGICAHME LT, B TR ORISR 2 IRET KR hov
AT LEMRE L, S DIZEICGEOm IS /[ /2 AN 2 5B 2 Hff L T\ 5,
DFEY | FEREAEREROEMDHBRHEEETO—E LIV AT MM X DS
~DOREENRHmD LD TH S,

AFaClE, EREAEREFHEOROFHERE, FICRIFIED I X248 5 &0 EIED
KL ZX D & BB L OB LA WATHR E LT, ZORNEERIHET D7k
EYR LTS REWMET D, 2 2 TR R CORED R E i 57200
ATALER &AL, g IR CILEEI R OWRAL L IRE(LE D 2 L 2 dgh S
72 BT, mAIMEE LS E 35 L — B L a T M EREO LW D M L 2R
ETEHRTHEH D,

F 7o, BERSEER & IPAT L RO R EBRBE ATV, IRE LA LD
W EEICE L TR O E TOMAERRD Z & 95, SHICHEEMERE LT,
1 FH 9 e R EE DI ARV 5 & AT MITHLIRA T, Do/ NG E AR, 5]
DTEDLRREY a V&S, TNENOWPHEGR D A r—1VT v 7 L 5% OO R
ZIZONTHIRRHZ & T2,
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2.1 EEREE

i A A HEH B ARG O — IRAE LI, BN T3 (BF) W MS-zsU 28 L=, £7-,
Rig7eREDM B LA E KD 72DIZ, ZJFEA w2 A U — (BK) #o SC-01" %
A SECEBREZIToT-, TOBE, PFER L LT, REFHEAI XY — Ya—P—,
a—b—INVEEES T, mEEHE I ADSRELEEZE LM ESELAREERH D Z &



HEHTHLILIBA S (2 B3 2 FERERIRIFZE

133

R L CWD, BT TEMEOREE L, #HALER & N FRFL O 7 DR RE 0D 7 5
T D720, TIRO/NE AN ~—0 T v — (EELERRE NH-341 ; =JFEA & A
NU —t8) L EBRERRRR v N Iv (O3 FALERE LP-01 ; FEERUERTRY) 12X
D TERR AT - 72, RICEEMRE S VN OF A8 2 & A Y = — % — (Magic

Bullet ; #@i A kL) ZfEH L CEIZE LT,

PLEDOFEBER D TR R 1 ITFE DT, BB, e HELRIZET100v THY |
mpEALEL) CHIEHEMEE LT

[IHAHE DOEEIT T P # V% a A —% — (ST-6234B ; &
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K1 R EBRALE O T

FERIX 5y BEER 7)) i s JLER FHREL | AeAE | PEROT
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2.2 Y (ERABFAEFES) LEBRAZE

TR U7 3 2 O #E R BB G 100 50 (8T, FRIE CHRER 102gr, D95
B E RS 18gr, ERERSS 84gr Th 72 (BE 1), —RMEFEOFZBRITIZEMRER Y D
KA L, MS-Z5 OFEANDL—ET DA
L7223, ERS B AL PN CIRIRIE e 5% AL Sk 72,
72720, B A MV (74 Z—) BN SWIGEE
P AR RN R < 22 o 72, 2 OFFERER 12>
TIE, MS-Z5 BIRD &R IREERE DR D 728
2, B A MEEEE LIZER THRRL TV D,
DFEV,BARMEE3SOND 106, 5¢ LM/ & .
L, PRSI 356 0 5 Bmnd 109 5k 1 BHEAIERTES O —pl
150, 5¢ D2 3IEVMEE TIER Lz, 5¢ OLAITHEICEERN & 2 aEE & O (B
DR LR ORI M) (TR T LBRNBEAEL, RIBRUCERLETHD Z LN
Sinote, E£lo, FEFEMOER T RV —HBEORMEZERL, 25 2 Ah5
MS-Z5 72012 X DIREALIZIZBR A D B 2 & HIlr L. MS-Z5 % — IR & AriEft g, 2
DHDO IR T T RT D2 & b Lin, &2 TR TIZ, BT OB,
MS-Z5 ® 10 mm ¢ 72 A FUVEERESR WD Z 8 & LT, F72, SRS~ DGR I3k
MRIROBRECIHIT D L 512k, &2 BRSE LML LT,

2.3. Ak

A TR % OET /31T 1 J1S-Z8801 @ SUS Hfifi CTomiflk L. BLEE RISy A Mo ONBRAERLIE 43 A
ZRE L, HWZHEBZIX 10, 8, 5, 2, 1, 0.5mmTH Y, & HHEHOFHEZE
FRIEL LT,

SN OFENT., B AN 2 mll FOWITZE D EE oMt L=2%, 2 mld LD H O
Wiz—HNv~—2 T vy — (NH-341; F 1 Z2R) T3meo 7 4 V¥ —LLFITHREL
T opTEE & LTz,

WIZ, oL, BEEOREZ 2SBEK TR L%, BiEx2 7 4 V¥ —Tlk
L, JEHO ICP FEIEoHTIZ L > THl (Cuw). ] (Ag). & (Au) ZE&EL., FHEICO
WTHR (Ag) W& BN LT, BRI EERREI OREDO RKE WL O TIX 1 [HH 7=
D 3gr £C, KIED/NEINH DX 0.5gr & LT, 2 BISGHT&21T > TEI D OVEE 2 A
L7z,

DX BRBEFEMFOLT XA ZNVEOHGHTHIEZOWTER (2010) 23FHM7ARE
EIToTW5D, LNLUARTIIOIEEZER LSO, MR EOERICE S ZE D
7D TEFD L 9 7eilBliE k=8 A L,

2.4 HIEWAE OB RE D FTE 5 %

ABFIE TIIMRERE D Ll 2 e Jm (8, $R. &) ORERE BRERERDPERLTE D
i FORLEE 2R D 725 5 DAL R 2 R IAR =R D 2 W bRt L7z, &8 ORISR kL
FEOYAR E AT L In B3RO D Z &3k D, EICATEITRE O &R o E & B
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MHEE TR, BEERS M (RERLZ(L) ORMLHEARD Z L2, Winh
BHGEHRIT/RIRA BT o 72, TRODOBRE TR T ERRZZNENL TR LT,

RERLE (%) =X (BRI EEFEH O &) (1)
HiE (%) = (BRERPMHOES) / (BEREE) X100
RHESRRER (%) =2 @R EHEO &R ERL) (2)

SREREL (%) = (BRERFONEEBOER) /| & HEH O
VBB OLERE) X100
WAE (%) =100— (BIERERREO EREBIZHT 2 RERE (%)) (3)
AFETIXZ O BIRE B 2 R RICESE 2me L,
Fo, FRROBRBIBERDOFL S %2, #llLnCu, HBiXnAg. ©lEnAul L,

3. MERMEL

3. —RIEHEBEDOR MLEEALR & RS

— IR DRSS ZEE SN D 1 A FLOZER I AFETH 5 DT, MS-Z5 HiED
ERHRFEIC BT 2 & BIREBIS 2R T 5720, BEFORE THMITO 35 mm¢ 2N
Z10mm¢ & Smme DA MUEAEE L CHEMEREIT->72 G5me (AL TIZAB D
2 [\l A 1 BIEER), BRERESAAZK 12, 81, 8, SOREREICBIT DRESR
(nCu,nAg,nAu) ZX 205X 41T LT,

KLEEATIE R A MARZE /NS LT 5 L/NRERIZ AN BEIT S, LML, 5 meo 2
A MDA TH 1 mlh F~SHIRA LT 2 FE 1T/ SV, ZiuE MS-Z5 23 E ke AL ERKE C &
% O THEREHESCHAER 2 5 2 BERHIE X e W MERREL TS Z
EEEMLTND, ZOMITREMELEX D ECTHEERERTHLOT, %EH T
LCELETHZ LT D,

—J. @RIREOHE TIL, FOEMIT XA MARE/NES LT 5 &R TIATL T
EF oA, R &I L UILT L EERZERIZIE RV, 202 &I NE O E
B L CWA ZENEZBND, MS-Z5 DI TERT T OB R BEIIRETH Y |
S5mm¢ 2 A MLOLGAITITERRP & v 2 VR ORIBRICK 1/4 BRI LicToo, #HiED
RELOMLEEZHER LT, —5. 10mmo 2 A MLOEAIET. 3B 7= ORREC
15 7% 35mm ¢ DBEFI 5 ) ORI D b O OEEREFE OB IT L ENEEL |
Te LA WBERFNCT 20E (FEE, AR, JBIT%) 252 2EHABEFIN, —
DA & B % L S 2 BRI 70 IR B W A R o TV D TREPES AL &7z,
36mm ¢ 2 A ML EFEH L TOHBUR Tl ki 2B O 7 o A~ AT 5 Z
EMHITH DT, EENAE BT X 2 22t ORIRA G, L723> T, ik
BOWBITFE2IIRT I, ZEAEREEEZEDOTEY, RENEZ LT
RETHDL EVWR D,
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3.2 EBDEERREZHEIT 5-ODFHEEER

AHFFED BN O st X, @R AMOMEIERICH D EHE L, TOME
VTERZN R A B 571D —D0 | W&o EEEls & PIRER TH D L E X7, Ll
— W DI AE TILEEEEED A R T A~ — IR h v X —I N ERH D
0. HHOWRE N IEE ) & 5 DT EAB I OWThhrdmbd 2 sich by, MAER
ZBELTHWDHOIXEERY, £2 T, MAEHOHREZ RGO I X —%50D
BeaRa o CTHERT D22 & & Lis,

EFEIIEEE AW IO N 28T 5720, @EEEEO Y (7 L — K ; blade
RoJw H#— ; cutter %) & FOMHEIEITIER U CHRRE 21T > 72,

TFHEOIZEGMHEAOI X -t a—b —I VT L DMMBR 2R LT, £
16700rpm & 25500rpm O FIEFEHZI LT, 2D T L— K (AR OEELRP]) 172 X7 1
— KLU ITNANT VL= RTHD, FRMERCEIT DT 7222EY CIRBEN ; baffle)
BRioTW5h, BE3IZZ AT L— ROFlZR LTIz, 7 Lb— RICIEMdedr v ghir <o
FNICAHAEZRTLETHDH, ZOMEITITFEH I 5 — N O R AR O 2 TEIE BRIt
(spiral circuration) % FEFET HHELC, BRAMOEMZ R I AT OO LRNBR I
TWHbDEEZLND, DX 7ErE & RB RN ERER O RSB T 54
BIRECEMRT Db D EHEER LT,

ULED XS 7%BZOTIC, Lilko> 2 FEHOFHE AT 10 bl T O B ES O
A fRA LT, HARIL, WRORELZZE L TV a2 ——0D5451% 50gr 75 100gr &
L. 15804 SR LT-, £7-a—t —I L0854, 10gr OFEZ 1 4RI L
Too TORER, BIERENMXAZX S I, BEBOREFELZK 6 1O IR LT, Z
D6 BREIORL LI H O 72 3 KHETIT o 72, 7235, MIXER |£¥ = —#—_ COFMIL
Fa—b—INEZRLTND,
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€| LA A LB HHOREFE L 90%LL FiTiro
2 B TYMSZS - L ohs, . 3 mfif HTORE
# &8 il L MS-Z5 D 50% 7> H#) 20% £ TIET
g / TMIXER L rpckaostinbs L EL b0
3 40 Il Too T OPREEBROFR., IRE LA
# J COFMI g1ty 1% R #g U7 B 7% O e\ i
L U7 RRebs % %6 C & 2 RIA B R B
0 N, TORA > MIEEEEEITS & X
0.1 1 10 B (m) 0 EEFRARRN O RS CEEE H OGN

8 ZINTDHRDBEEHE fRcd B L ST,

3.3. TR THEERER I ILICL HEBEICET 2EER

EIREHE I L O—FTh 2 SC-01 X, MEME OIS FTRERETHY . 21O
25000rpm OFBEGEFEHE I LT D 2 & HIRE(L O RIS & U CEA Lz, B
DOIEEITT L— RARV MBI Y | DOFZNENOAEOMHET 7 a A7 L— Rk
STWD, EFFITZ ORITEEE W & MRIROTERIE 8T oG 28K L,
FEER A B SR A MS-Z5 @ 10 mm ¢ 2 A RV TR L 72, 1 Bl FEERORE
4 100gr & LT, 5F. 158, 30 ). 60 B0 4 B D2 1T > 72, ETo. Wfih A
MEIZ L72E GRE O & 45 B ST ER BT o7, Mt 2R <
HBHMET v RAR—ZARRTHDEN, TOMREMHRT D7-DIITo72bDTH B,
4 9 & 10 [ZAKVRED G565 D BARERLEL /04T &RLEERI 0 AT 22 s LTz, X9 Il
MOBNEDBHEINZTTODERT BN D, ZHEM 10 ORER DA CTRD & kR
RIBEL R BIT0E-> T, 5 bl EORIEEE 338 LT, 0.5mm LA F OIS > T
WD ZENSIND, TOZ LK L, 12, 13 1R L8, 8, &DRERICHMFEITK
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BN TERY, FRHCER, 1% 5 UL EOMIET 2 mPl FIZIZIE 100%RET DHER L 7
ST, NI L TIE, RIS BT 2 TIRE L T D, LovL, 45 BEIZHRI L T
e L7235 B TR E AR OZFENIIT L AR L Th oo, EORERTIIN 14 (TR
FTE I 15 LT CORENEE Rh o7, ZIUIHIRT 5 AN OWBEIEER T %
FHE LR EEBEX NS, AT, BMHEHI X —CREINZIF I 7Ho
RIS, O A CHEERER TH DL Z EWRB SN, —J. BE
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o, BECODREHRT D70, BMFHEAI XY — %2> TERBRZ{To 72,
4 3B OFERIZIX 15 12T K 512, OREIZIB VT & aldz < Lo SC-01 & (A
BROFEN A OAL, [BEEEDY 16700rpm & 45T/ S WS, SRR O iz g
DOLEEL TRWREENRG LT,

WIZ, WERY FIALTOREGRR, 2 BEAEET, 2 bl F T, &ojEsg
D3 95%LA BIZTE L7228, fRRERER 2 850G L7253 AL o 72 R E b e v o 72,
ZHVTERESRME BHER DS, YA X MAE., ABERHS) OREICRBSLE 2T,
SFURENEE) TR oo mReEtE S Ho 7o hy, REMIITER R —L IV OBEICIET
MR END ZEnn, YN at RgRE 2 BIE T A RORENFEICHE L2 Wn
LT LT,
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3.4 Ot RMEHILICET 5 A

SC-01, IFH—ROWEER— VI NVEFINNYTFUETHLDT, EHT v ERX%E2E 2
DA ESHEOMEICE ‘T 5, £ 2 CTEEEROD N~ — L (NH-341 ; 3450rpm
7272 UAKCERLER) 2V, 7 4 VX —% 6mm ¢ & 3mm ¢ D 2 FlkEA & U 7= T, MS-Z5
D 10 ¢ FAE 100gr DEFEAME A FRA T2, KR A X 16 1T DOIRER TR LI, MS-Z5
® 10mm ¢ = A FLOELL EOPREDRITG O R0 2T, ZDRKIE AN ~— I8
EREN 2 TRERNE LIS CTH D 2 & L RBNIREEM AR T 2w L1
boHEZEZ LN, ZORNy FROGERBEE I VOGE, EE) &S AW OMEALE
M EMRRFMDHERF CE DR TRERERH DO T, HE{LEEZTHHAITITZ 0N
DLTRVEETHD, DL, EEEAM N ONEEHERT DTNy F XA T h
RTHM, BUE, SC-01 %A 7R Hr #hA 2 B X o 7o mfefil i O 1 b 1HEF IC A
nTwna,
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~ 100 A A
ooy B S B R VN " o~ =+=MSZ510
]
g 60—/ —— MN34I-6
% 407 MN34I-3
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EH16 v —2Twiy—-ODOR FLEFEDR

3.5. EBDEEILHBICET HER
(1) BEIEDREH “HRERN" DOER L BHERHEOFTE
PLED X 9 (Tl 2 eG4 MS-Z5 @ 10mm ¢ 7 A b L C—IREGHE U721, 58
BEIRIC X D TR ATV, T OREREZ S LIS, B, SOBRER L% 2 miiE T
3% LTS G DA R A A LI R, REEZ LT 2582 LT ORI S 2
EMHED LD EE XTI, DF Y, EEEEE I VO & SRR -0
TR, B L O IICHEL L2 Big 2 m 3 RAI AP E BN OWRRES) & 2 A L5
ZIZHSSLDOTHY, FNon @) ITKBmENTWD, #STE @) TR
JEDRE L K D & T LT AW IO HRIEHIT)” 2R LIZHDOTH D, Thbb,
TREEALZh R= £ JFCRMAR IR, RS IE  IRAR TSR, AL BR SR 1) (4)
el ENENORMEONFTUTIL, LLTIRT XD ICZIEICh e 2 ERBEEN D,
JBHSA s A X Wi OYER (BB FEE R, A OREEE, X, RED

A L)
TIRBERERRARAE N Faaifee, I, BRI, AEEIE. PIRIR. BEERR
DA B

IRV RE R E /IR R FAEE (LA 2 VY, 70— RE0Y) | PSS

SUERSRAE MR R T). RNHE . N B/ AR A R
ZZTiEX @) 2K 5 OROICHEL L THIT T2 & & LT,

R S o (BT AW D) FHRAEM T) Fme=f (571, B AW, EZeE) (5)
IHIZ, ENEFNOHEZLUTOEELRBEROBMEKE LTER L,

B ) Fs=f ([R5 SE b0 D s FE oc [RIERIH B X 2/ R X)

AW T) Fe=f ([alfizis )

E 72 Ne=f ([FIEREEE, P &Ik, ABBEM . WA IRefH])
INHEHEDTA 5) Z2HOETK (6) ODLICERL, EBRT — X 2EHTHZ L
kL7,

FHFAEH /) Fme o< Fs*Fc*Nc o< n®-Lb-t 6)
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X (6) DFHOFLERIIAHOMEE L TETOBELMA T, ZIZT,
Fme ; fH3&{EM /) (Force of multiplier effect)
n ; R OEEREL (number of rotation)  (rpm)
7272 LIEHER O e OFLEEE v 13 (6) Mok B 5,
v=7 Lbn/6000  (nvs) (7
AT N TZ A WAL O RLE L v 13 MS-Z5 757 18m/s, NH-341 73 30m/s,
TP —2335m/s, 2—b— I L2 84m/s.  SC-01 73 250m/s TdH - 7=,
Lb; 7L — KD A/ FEE (Length of blades) (cm)
t ; WREREE (time of stay) (min)
— 07 BAEHRE DO 2 — V7 v T 28 HRUT RIS (8) TrRE D ((BR)
TEfERSE > U = —3 3 > Webpage),

P=Np-n’®-Lp’°- p (8)
ZZT,
P @) (W)

Np ; B8 R MR OTECCHEE R Tk E D EA M (—)
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A Practical Approach for Recycling from Urban Mines:
A basic research for the crushing mechanism and the selective extraction of
precious metals from old cell phones

Shoji ANEZAKI and Emako MIYOSHI

Although Japan has been tackling e-waste management since around 2000, thousands
of tons of Japanese e-waste as circulative resources or secondhand goods were exported to
developing countries as a hidden flow. Despite the growing interest in the environmental
conservation and recycling of used products, the industry is struggling to get a sufficient
number of old cell phones to feed its recycling plants. However, the cell phones contain
high concentrations of useful metals and rare metals, promoting their recovery and recycling
is important for effective resource management.

In this study, we have been challenging the practical approach on the development of
urban mines, especially for the recycling rare metals from old cell phones.

We have been developing a new system, with excellent features, including a ‘crushing
operation’, ‘metal concentration’ and ‘physical classification’. Thus, in order to enhance
the extraction of precious metals, such as gold, the old cell phones were continuously
crushed into flakes less than 10 mm in size by the first step and the second step crushing
devices with a rotation speed between 2000 and 25000 rpm.

After a series of these crushing experiments, more than 95 % of silver and gold
contents were concentrated in the ground products, less than 2 mm in size and equal, in
weight, to about 60 % of crushed cell phones.

It has been illustrated the particle size distribution for low-cost extraction and
enrichment of precious metals in the products less than 2 mm in size as the multiplier effect
of hydrodynamic behavior between flakes and high speed-rotating blades in the milling
chamber. It has been controlled the useful equation to estimate the optimum condition for
enhancement influencing the enrichment of silver and gold. As suggested by experimental
resalts based on several kinds of high-velocity rotation mills, the circumferential velocity as
well as the span and form of blades are the most important factors that make the spiral

circulation flow in the chamber.



