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Fa-1-1 B HERORAL

C 25.7% Zn 0.60
0] 31.1 Br 3.8
F 0.11 Sr 0.04
Mg 0.30 7Zr 0.01
Al 9.4 Ag 0.05
Si 10.8 Sn 1.7
P 0.11 Sb 0.24
S 0.09 Ba 0.24
Cl 0.36 Au 0.01
K 0.04 Pb 1.1
Ca 5.7

Ti 0.17

Cr 0.12

Mn 0.03

Fe 1.4

Ni 0.23

Cu 6.5

# 4-1-2  550°CHRBEY DFERL

C
)

F
Na
Mg
Al
Si

P

S
Cl
K
Ca
Ti
Cr
Mn
Fe
Ni

1.4 %
36.6
0.16
0.15
0.48
11.2
16.8
0.15
0.12
0.19
0.06
8.4
0.22
0.16
0.03
1.7
0.27

Cu
Zn
Br
Sr

Zr

Ag
Sn
Sb
Ba
Au
Pb

14.5
1.3
1.0
0.06
0.02
0.07
2.8
0.34
0.35
0.01
1.4
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J < Hili7K50mL
AiE
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4-1-6  {SUBEALER 1% D FE - FEAR

(2) BETFER»DOEEBRHEERE

PR A2 B ST, BRI D> D 4 % 2 S Rl LB O MG 21T - 72, X 4-2-1
W7 a—%rd, K4-2-2 1R 7 L 512, EERHEIN T B 60% DR A FIREZ DS, K TIE 90%3 R H &
T, FEBED 2 CTHHE ILIRME L2 WENEH STV A DI, (RBE% b DT 0NIE > TV AHHERCRHE (I
IEB L OB E L CTIFEL CWAEEEMERREWEEZ 5N 5) BEMIC L vt sh, HESLREL
720 B EFRICERIR L TV D RTEEMER H 20, sHlIE R TH 5,

WA ABE ) L T EARDEZ N S TRIEFEOZIZOW TR TFERIZON T 4-2-3 127,
EFICR L COERBAREL T 1:2 KVBOENZNIGEITEZK) 00NRHFAIEETH D Z &N nhoTe, Lin
L. IfKFRFER OB LB R &I, BHBARLZEILRD EEZEZDNDHDOT, Ba% T 1:5 BNE
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FLWEEZLND, £, FAKBEEZZ2L SRR T, 4-2-4 | TR T LD ITFEKE 1/2 FFITHN
L7 TR HEME O NS, TRU T CIRAMICIZEE A LRB SN hoTz, ZHITTKIC
LB N BT DD LBBRET D0 BN, U EORFHERENDL, BRHROHLN
TR CREIPRE LI EEZ DNDEMETH DUBIII T, BED (<1. 18mm) & Tk 1/2 7Rk, [k
1:2 T30 iR L7z & & TH 9M%DR MRS BT,

WRIZ, ARBEE S EAR DB DR DRLE DB OV TET L7z, KLE DB OBV TE,
B DR OFBENRIEFIIRENEZZ oD, REER. <1. 18mm F THRE) I L THhfk L 73 BH 5
TIRHRABREZIT o728, BFERE 2om [THHEL CTREBEL, ZOFFRELESA LIy Z—I VB L
R — I VT LT O &R L72GAIC W T Tog TREBRZITo7=, Ziud, B ORIT
IXHNEEH - D ORLA OO FHRIKF LTS 720 | R F-OEEIXERO 3 FIZHAFITH L
Bz DL FREE ORI T 5 72 DITIT R KRB DD 3/2 el /e D LB 2 BV B RRIEEDS 1. 18mm & 20mm
TIL g IZHR LT 349g FRIEE L 72 503, BN REZ LD T 5720, HHREDORFIT 2 F58 L TEBREIT
ST, T, BIEORE MG Z 0B L X 2 72D IEER T 45h & L7z, ZORER, K 4-2-5 |[TR
L7z kol EFFEREEEY O EAKIZ HREORE 22 ST 56, RIEN/ NS WA RIRITE D,
ZDET/NE L RO (R RBIARIEAT 20mm) C IR 80% (1. 18mm DIRFHFHRITKT LT 87%) 7355
iz, 2LV HBEOLRTHEITEKICTRRSND Z EnghoTe, REZROFELM 4-2-6 |
AT, Fe. BREBOREHT, K 4-2-TIORT L IICH T AMFEN T2 EMTHD Z BTz,

RIEH R $3.86g (TTDE E5gHHY)
N

E—h—

J <&

J BOREHFELEZEIL
& ;2 H (0.5h&2h)
J<HliKTHRR

b BEEADFTA—=TFHS
AiE

J <EE DR

E 2 200mL

NJ

ICP-AESH T

4-2-1 RHEMHRE 7 v —
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X 4-2-5 &Nk D ARBEMII RV $s T OVRLEE 0y 4



3K142004-12

I N O S
! |

% [00 » w

B 4-2-6 KL 2 CHREE L 7= TR

4-2-7  HUHED I TIUBE L 7= B FE 0 KR 14



3K142004-13

(3) HHECTCOWEEE X TR F A — /L TORERR

RE T TTA PIGMITIREE T CEBBICK LIRWVRAERENH D0, EDRA =X AIOWTIEHALNICE
TR, FHRIO A A~ A K DEBWAENZEY & U CIIMiBkic X 238l 28Nl S Cun b 08,
THUTKEBMETH DT OAREMEICT 2 - ORIZITES BN METCH D, £, V7 /) 7=/ —MICk
DZWAEY BBFT SN TNDER, BEBICOWTHWAEENSH D Z LB EAB O M A 5 I I3%R
HRZ L, F oo e—2%27 2 bl b O TIIMEE FTHAE, &, /N7 VU AIx L TER
HINCRET DY 72 ERE T A TR &SR L= 28 & )33, SAlC W Ch b OREDOWEREEZ AT 5
e, BTERENRZZRBICEUGAICIIFAAPREE B2 oD, RAETTARBRTIET VT
BT DX EEGR LTS DI L DWAERROK SR E WA Stk AL THA PR v~
7T 74— L ICPEBESHTERE & MAS DE CEREWE Lizmn T ON T BOHER E21ToTnd Y
D, THHEARL G~ AOWHFITETICE D AZ L E LTONHAREEHALNIENTNDE A=A LY
DN, BIRmIRRR1Z <. MBI E A I = X LMIAHATH D,

AFRERTH | FERUR A SEICRE B~ DORERE O, WAEHIE OB, FEEHIZ OV TOREE A
DX¥EE, B — AL TR LT,

[ B 1305 DA BES T L TV B A, R F A7 — L RE R TORE, BBEETOZED AT ) —
O [E R 5y Bl % i D 4y BfE g TTT 5 OITSRERIC T 2 DM E CrB o mikEEs 3 25 Mm A H T 2 L ERH 5
TDEEAA NEBZ D ENETHD Z LD, mODBERIEEZ I L7 WERRSBEZ DWW TRETL
7o 7T KDEIZOWTHAMRETHIVUIRET D PTETH 1203, FONTWERZ I T MIFTHET D55
BT LNEREPKE 2D L AN ORI L TERBOERRREL 20, TVAFGEV SRV
T D2 Db, BT NEZE - CRE LR Z B 2B IR EE &l LSy FIEORG Z DR ETH
e LT,

k. AR T Lo & 7 97 A i b SR AN ALHEE NTHTE IR W OKFEM T AR A v Sh
THEH STV ST 72 b O 2 fRE L CREHR VICHE U T 4-3-1 1R H{E TS L 7=, RO B E
¥k (RO BETREE) & AT BTG Al 343.52¢ D 5 5 50g DEH A ZNZE X 4-3-2, [
4-3-3 (TR T,
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FERAREATARSAIFH—
RS ILRATH A FEEAR500g
¢TI A/—)L500mL

88 (5EIZ4FT)

RUVA

<1GFEg25mL

BETHEDD B
3000rpm, 10min (321241 T)

[El+8
15 #£(1+9)150mL X 3
<15 E%(1+9)150m SE
BETHLEDSBE &Y
3000rpm, 10min(32(Z4+T) |&Y
| ms

RUVAIZTEBL., AR ERE343.52gEUX

4-3=1 IR T ITA G R A AR 14

4-3-2 I Z T AT A PR RS AR (BRI ERR)
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‘mgoss 80
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B4 4-3-3 G HIToARZ T 97 A HGR kY & Al

1) WEITKT DBEEDORE

BJREMFET CRIESNIZE R A FAR TR L7222 AF L, ICP-AES IZ K 5@ D ER, 1CP-AES
XD ERTHEOLERDNZITI & L BIT, X T DA PRGHRE R EF CHRAERRZ1T\V, BRRED
WA OWTIHAT, BHEOSTRE RA2FE 4-3-1-1 17T, @OBREOHERETE ITEERICLD
SINHED 7= DISHEMEDME VA, . 3, = v 7 AR L1308 100 7Ll EOBE L E2 bhb, BT,
BT SRRD CTEN D E NS ho T, WERBRO 70 —%[X 4-3-1-1 17T, FAROAARE L WERD
R % 4-3-1-2 1T, RHIEOMREERTEK 1/4 J 0 BB CIXWAEHRN BT 720 L
AR 1/2 TIRKE L Z 100 206 20 IZ T 2 & WAESRIE 22, 8% 6 44. 2% £ L TW D A3, AR 1/4
FCHRL TRIEL A 2012 F TIRS LTRAERZZ SEIMLTH 73, 4% L+ 7 BRI S B o T,
F 72, FARFRIRI L ON/2 AR Tl # 7 0 A R SRS I O R D3R L T2 ORBIEE ST,

WA BB T, KERE T 5 OIXESBENUC S EOFIGERE LE L L, a2 OB
MR D7 PIRENH D Z LD, WAELBIITFA /10 ML EEE THRL TUTHO>ONRLEE L &
Mo T,

F 7o, FOFMETITWAENFRRT 2 30min & LTWAAN, ZUZEIRSBEC 23 % B & FIRE DR T,
WAL E Z NPl Bl LTH, BRDBEORREIN S D720 E 0 BERB RN EB 2 b, WaEHE
(T3 2 LB o T, ZHUTEBER VCRE L&D R 0% & RIEE T, WA I3 E TR ORI
BNz ERgnoTt,

K 4-3-1-1 @RISR TRIES iz
T R EAKIR R
JTHR mg/L
Au* 281
Cu 53000
Sn 14000

Ni 2100
Pb 990
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100mL PPEIE —h—
€< IREHI (wet)0.4gFET=1d2.0g

K &5 TaomL
—— TkEmm | [FEOHO
€ PTFEEURHT

& # 300rpm, 30min
|

E=IDSBE 3000rpm, 5min

|
AN {2
(EH8. k. BRAEED)
|

E = (ICP-AES)

X 4-3-1-1 AEEINFEEFT CRIES T
BT RN TEKBRHIE CTOR YT HA AR K EANT X 545 R R R 7 v —

7 4-3-1-2 &BlEET cRiES iz
T SRR AR IR T & 7 7 A IR RIS AN & % 2

FRHERE BEHE WRER

(g) (%)
1 0.4 34.6
1/10 0.4 85.0
1/2 0.4 22.8
1/2 2.0 44.2

1/4 2.0 73.4
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2) WEITHT DIRE L DBEE L0, IMHEERIC & 3 TE% ORER DB DOk

WA & BT IR S ORHIBOREGEI ST 2 2 NIRRT D 2 b, Rl E o kRIC>
WCE— I —A7r— /L THF LT, Bt B —%K 4-3-2-1 {287, KREORIKE Z < b oW EAl
THPECE UL, PR G M ELLERREAR DR TT RO TR LB EZ /NS T2 EMNTE D,
LinL. ZOLOITITRERIDEITK LT TEWaBlh 2 BT 2 LERH 5, fERZXK 4-3-2-2 TR
T, Y TRt Rl LIBE1E, IKEL 50 TREREZ1T > 723548, 403 10mg/L FLEE 1 e Tk
AL INEHBZ TNDDITHK LT, AR CITIKEL 50 TH 90BEETH Y . L ZEOWAEHRZ M EH
ELTWARERMNEON, ZhUd., EEOEBETERIIIIOH2 EOXF RN ME B LORETE
FNTWAHBEBICL D LEZDLND, IKDOIEEL 1/20 IZHR L CRABEORBREIT-72L 2 A, £ORIER
1% 90. 8%IZM ELTWA Z s, AFTTRBENE VIR T CIHEE L2 & DICTIFZIE ) 2, WERN
<R ENGhote, L L, WEBROREEZZET 5 L, FEEOLIECTIXENTED 80%LL 172 51
B 100 FRENRLEE LW EB LD,

Fo, WKELE 100 IZEE LT, WEAORELIROWREL & HIERIC L TRERREZIT o 726 R. W
FRIT66%E T T Lz, BBICXTT 2E80EIHETEDLLRNI NG, Ziuk, EHEOENDRTE
TEINA+2EIR SN THRNWZDTH Y | RBOBIEEZ K& T2 LHEIND LB BND,

WAZ WA ALER % DS AN Sy % 80%LL EE A TE Y  mODEESE THEIR SN TV DIRKEREL T,
B BEX 15 Tlevy, &2 C. B ERR IR A WS ST EA% 0. IMERE TUad L2 ORIz O
TR LTe, W7 o — %X 4-3-2-3 12773, [CP BN HEIZ LD FER TV DD IR O EER
ZATUN, A & IRAE & OIREEHICOWTE L DT R 2R 4-3-2-1 1R T, BRI REWIRIT L, ¥
W CIRICIEH L2V ER TH D, ZOMEL D & D A, fiisE7 S13kd ChrE SN naolaxf LT,
BAERTHDLER, $h, S SIIRBICHEBRESND Z Enmholz, TWRIZTOOH CIRHIE T2
WIS, TR E T A GRS 2 T A O LIERE CTH HEROIEEN L EEN T\ D7, R
LTCH BT WRIIBRESNTICAHM E LTINS EEEBICEEND EEZLND,

1Q0mL PPHIE —H—
— EFEHRIEKBZHRZRL/10FHRE 40mL

— FEEHWREF] 0.4g

FE#300rpm 30min
|
=I5B 3000rpm,30min

1
ICP-AESTE £ GBI EEHE)

%] 4-3-2-1 IRELOEBEORF 7 17—
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g
@ 40|
2
MR - EFERIHR
20 L (EKI/10GRERRK)
ALEREERS : 30min
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0 ] ] ]
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IR EWERIDRE L

R 4322 BOWEFICHT B UEL 0T
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EFERZHRABRKSL
CRETH A GRSk R EFI508
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A7+ &KB0H
| 48

Doy
3000rpm, 20min

E48

2.0g57HY
100mL PPHEIE—H—
&0.1MIEER20mL

=¥ PTFEFR#F. 300rpm, 30min
|
=ID5 B
3000rpm, 10min

E+. &EBELHT
4-3-2-3 0. IMIERRIZ & AW F A WA OB L 5 RNiiiet 7 o —
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F4-3-2-1 WEFRHARERZEBETES LT- & & D& ITTFEONE

I EEDERL |TH = DE&
P 155 B 9
S 144 Mg 22
Fe 10 Ca 6
Br 15 Ni 3
Na 9 Zn 3
Al 4 Sr 21
Cu 3 Cr 4
Ag 83 Mn 3
Sn 74 Cd 15
Au 404 Ba 6
Pb 4

3) BEEHPEAER OB OB

T HEAR E KR R DWAEZ I8N TR Z T 77 A R SRIE R D@ DOWERPIK T 500, 17
TLRDOBEOT= DR T D720, —EE T IR EAKE IR OWAE LR 21T o 7o W& Kl 4 A ik Tt
HL, BRLTVWIEBEOHFTRELZBREL ThD, HEBTERTKREBROERERREIT- T2,
B 7 v — %X 4-3-3-1 12”7, T 2 CIEBRIC — B R KR IR OB AE B 21T - T WEAI & L
TEIRE 214mg/kg WMEE Y72V (LIT T-w) LRFELT D) OWEHEZHWTHEFE & BRI JUV3
[l B2 72 2 WAERBR AT o 72, WAEHR (FEF) OREIZTREOBTO S DTN REDTZD, WEZD
IR 2 Uiz, FERA R A-3-3-1 1R T, ZOMELD . 2B HOWERD DAL 80%% F VA
F, 3[EIH TIL 30BFEEIZ /e > TV D, ZALEL VIEHED D OO EIUZITHT LWIREAINLETHDH Z &
hoTe, T2 L, BHIDOEIRE 214mg/kg—w 7> 5 861mg/kg—w ETRESHML TN D Z & HHERT
X2 Db, MRETORIN T 2 2D REMER & 5 Z LR STz, £, BEPTIT> TV 5 0. 1M
WY CITT L A EEITRH L T2 RN LR TE 1o,
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«— BEFEREKZHRL/I10FFRAR 40mL(Au:7.03mg/L):A
— EFAHWER| 0.4g(Au:214mg/kg-w)B

FE#300rpm 30min
|

™

EIDBE 3000rpm. 10mink —» (@
«— 0.1MIEEE 4mL

D5 B 3000rpm, 10min —s @

— BEFEREKZHEL/I0FFAE 40mL

E#300rpm  30min

|
FIDSEE 3000rpm, 10mink — (3)

Pk

&l 48

4-3-3-1 3 [REERABR T 17—

# 4-3-3-1 3 [A] 25 5B R

T - A
A (mg/LE=I )
me/ke-w) (ug) (%)
A 7.03 281
B 214 85.6
D 1.54 61.5 21.9
@) 0.344 1.378
©) 5.07 203 72.2

& 45 861 344
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4) ERBEORE

HEa A NEBE L, HOSHBEL 25 DT 572D, BIRSBEC OV THARIEKRIZ L 55
BELCOW TR L7, TR 1/10 12722 X 5 WSHR L7 5L o i & V¢, %@iilﬁﬁﬁﬁ
W 21T, TLAEZHNTH A 74 0 T EERZ DL, EEARZ O LSRR, BRI 20%
ERERFL TN, LL, ZOREARL2um AT T 7 4 NVE—TARLERIZOWTEE ER
L& 2 A, EEBOEE 0. 35mg/L 226 Atk 0. 083mg/L £ TK 1/4 IIE FLCWe, Zh kv, EEE
WITE T OBITWAEANTRAE L TWD A, MIDWIRERITFEL TRBY . 2R E L TR DT
HDaAPRELTNBEEZLND,

F 2T, WA4A-3-4-1 1R T L DT, TOWERK 270g & 0. IMHERE 3L C 2 [EIWEE L. ki 425 I
BHrEHOLDPUDEIEL T, OB LB ER 2R L,

PP L7 E A 50g 2 VT, F/KIREE 1/10 £ CHAR L7288 752 R 5L ISk L ¢, g atBR
BAToT-, WMBA7 0 —% X 4-3-4-212, VA 7+ K DEESEEEIT> TV D & Z A %K 4-3-4-3~6
R T, TR R A R 4-3-4-1 1R T, 2RV R AEAICENN L 7o W AN A3 95% I ST 0 |
FRURIZIIKI 5%, WEv A L7z 0. IM RS (WEIK & & Te) ISPV S 3724213 0. 43% & o772 T, AJFHEIC
KU+ 72BN FRETH D Z LN aho T,

20L PPEY/NHY
<R EHI271.55¢

<0.1MIEEL3L
PTFESFICH&#4 (200rpm. 30min) | 2[E]

I ®)
FE 1h liL,

| SHEE(HATAUT)

= ID5 B#3000rpm. 30min

| E+H 285.55g

4 4-3-4-1 A Z T AT A PG IRE RAE A FUEE LB 7 —
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20L PPEI/NFY
— EFEREKZHRZRL/L10FRE SL

— EFEHRER| S0g

E#200rpm  30min
|
FHE 60min

— RS AT+)

<« 0.1MIEEE 500mL

8 #200rpm 5min
|
#E

|— KBS DFER G 1T4Y)
=D 5 BE3000rpm., 10min j&4H

I
& i A [E 48 (47g[E1UR)

4-3-4-2 FHPEIEEAWAERE T AR T o —

X 4-3-4-3  FFBEGIE A A A O T2 [ER 0 BE (WS LB D & B A2 ELD )
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f 3

X 4-3-4-4 IR AW IER 2 T BB (B U 72 B )

X 4-3-4-5  FRUEFE A A A T B 7B (B3 A BIGHE T IECRT TR LT 2 W55 #1)
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X 4-3-4-6  FRUEAHE SIS A 2 IO T2 B BE (OoBES AL 7= WoE A

F4-3-4-1 PG LR AR 2 O C ol AR R

= ﬁi}%,ﬁmg/l— = =

e Fr-lEmg/kew = EDEme
BHRA/10EKEEICHEREH) 213 5L 10.56
BN D H &R 0.102 5L 0.52
YEE B D0 IMIEES 0.076 0.6L 0.05
& K A DR IE Fl 214 46.87g 10.03

(4) BE&RBA X NVENEHOKRE

WERHDRZ T Uk 30g & AN TURWBERBR 21T o 7, FERA M 4-4-11TR"d, Fo, 1XVBERT
B ORBIZ [ 4-4-2~6 17T, 600°CE TOITVEELFETIL, VB OGS B FLL EOIR AL
B L TEENKRE D, 7T00CU ETIFEEDS —EIZ D, AbfkAllRioTnd, Tk, A%
T I A HROF Y % 5221 B <AZIX T00°CEL EDORERMIETH D Z &My h oz, 800°C T HMIRIE
T00°CHLEE L 25D B 72 o T2y, IRWVBEIC D TR X —B L OB AR EE 2D & T00CALEANE %
LWeEZbND, 0%, (5) IREARKROMRFT CIEM L= F A7 —MI L 53R CHZ 1g
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DIXNEEZ 5 oAbk R 2 20mL N2 CTHAE L CTIEVVEET D (I 4-4-7) L EEN 0. 37g W L, & Fh
5 AL WHR R ITITFERICERL 2 LT E 2 CEAME 1 BAMEE—— /L X — 3 BRI X AR RS
L2 MIETOREIZ L -T0) B2 BRD, L L, SofbKkEBRER D BZMENLEIC/RH720, &
BRCIZ b WHR A EZTRETH, EFERICH L TEER TRECRHETE WD Z &b, 20
JERETHIBTICEMN T 2ONEE LN EEX bND, I 5T, FKREEMLE L, EOERRRE T T
FAMEET B Y T AERINL TINS5 & Bk A A o D3R U CeldiE e £ 72 13mi e, sRixmiib
RERD D LB AL, IRVEET D2 EICK 0 T U FEVEDILAEM TH HDBEDORMMITE EN
TWDNK 4-4-8 IR THESBIREZA T H8MEEEHL T ENTE,
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X 4-4-2 WA O BERER (120 VBERT)

e e
'l i
TR

4-4-3 BRI EERER (500°CALEL#L)
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4-4-4  WEEHIDIXVEERER (600°CULERT%)

4-4-5  WEFEHID IRV VEERER (TOOCHLERTE)
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B 4-4-6 WEAID XV VEERBR (800°CALELE)

Y &

X 4-4-7 HESEOWE LB 5 > LK BRI
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B 4-4-8 HEBIRE O PG AT A R PR

(5) Zutwretkokst

DL EO RS R 252 1) T 450°C TRBE L 7= 73R 1600g (RBERF OO IRy 75. 5% 0> DRt H 425 & &1 HAR
2119g [T T 2) Z HWT, RUF AT —/)L TOR LIRS L OVR Z 7 77 A FGMR RS A (B
BEH) ZHWT, B@BOEINGRERZ EiE L7z, FBRO 7 n—%X 4-5-1 12737, ZHO TRORHIC
DNV 4-5-2~10 |27 T, 0. IMMERRIC X AP CIXSOTAMITIZE A ERNWZ LR hoT-Z &
O, BAEAICERL TV HEEREEZ LR 2, WdEEE 3R E Lz, RHFFOIREIZOWT, £
BN D BEOGEIIRGT 5 L Z\RAET L2EMRT 5 Z L OEE EFITOT N TH LN, ZORFr—
JVCREBRAZIT O & WRICE 2B RIFIT W ed, IOMREIL 90CLL Bz s TWeZ &, AlH
DORER Tl PTFE OISR ZRE AW, S OICHBEORE2FET T LT, RE LA E EBIC
SRR VERRZRE D B ADREICEER T HDMERSH DL ZENyhote, —Ji, BEROEHIT. iRz X
DEMIZEIE LTS Z e, MIRORIL L RIEMEESNTND EEZ BILD,

W 25 AVER 36 S OV S 5 SRR B ORI 22 [ 4-5-11~18 (R T, AHFIETEEBLI L ZHEICHOWTEE
AT ST ANRNT U AZDOWTR 4-5-1 TR T, Fo, HONTHESEOMEZ R 4-5-2 1277, Z
NHOFRERLY | BREMRIZE EN TV D E0OK) 80%A EIULATFE T, JFEHI x4~ 2 B &k & LT 1/1000
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PdO | 0.81 | SO; | 0.02
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[Abstract]

Key Words:  Noble metal, Recycle, Recovery, Scallop, Adsorption, Printed circuit board, Waste,
Mid-gut grand

In Hokkaido, scallop mid-gut gland that is discharged from the seafood processing factory
a year more than 20,000 tons as waste with the increase in the production volume of scallops.
The scallop mid-gut gland is found to have a high degree of selectivity and strong adsorption
capacity for the noble metals in acid condition. Aiming to use to the recovery of noble metals from
small devices waste from houses as a new usage of the mid-gut gland of scallops, to target the
noble metals such as gold and palladium contained in the waste of printed circuit board, regarding
precious metal recovery processing flow from the waste of printed circuit board consisted in grinding ,
roasting , leaching , adsorption using the adsorbent form the scallop mid-gut grand , and the
post-processing ( such as incineration and re-dissolving and re-precipitation ), it was considered these
optimum processing conditions in each step.

It was to obtain the optimum conditions such as follows. After coarsely crushed waste of printed
circuit board, calcined at 450°C, most of the gold contained in the printed circuit board was leached with
the solution obtained by diluting 1/2 the aqua regia to 1/2 under the conditions of the liquid-solid ratio of 5
times. Then leaching solution was diluted to aqua regia 1/10 concentration, was added to the adsorbent
derived from scallop mid-gut gland so that the liquid-solid ratio of 100, settled in natural sedimentation and
washed repeatedly by 0.1M hydrochloric acid, finally dehydrated by centrifugation , the noble metal from
the base metal that is coexisted in the large amount of leachate have been separated . It was obtained that
crude noble metal which is contained the silicon dioxide as the main impurities by roasting the adsorbent
after separation at 700 °C after air drying. It was developed a novel noble metal recovery process from the
printed circuit board waste. Under the conditions, the bench-scale recovery test from the printed circuit
of about 2kg was carried out, 80% recovery rate of gold in the entire process , can be concentrated up to
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1/1000 in mass to the printed circuit board , the resulting crude precious metal content of was 36 % in
total of gold and silver .
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