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Selective Leaching of Gold from Copper Anode Slime Using
Concentrated Hydrochloric Acid and Hydrogen Peroxide
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Leaching of copper anode slime using hydrochloric acid (HC1) and hydrogen peroxide (H,O5) is performed
to recover Au. It is imperative to reduce the amount of the costly oxidizing agent, HyO,, used in this leaching. In
conventional conditions, the Se contained in the slime is oxidized and dissolved by the leachant as well as Au. If Au
alone can be selectively leached, it should reduce the use of HyO,. The calculation of equilibrium potentials showed
that when the concentration of HCI is high, it is possible for Au to be selectively leached, while the dissolution of
Se is suppressed. The selective leaching of Au was demonstrated by experiments using 8 mol L™! and 12 mol L™!
HCI solutions with various amounts of added H,O,. In the selective leaching, the increase in the leaching rate of
Au with increasing amounts of H,O, diminished after the leaching rate reached 80%. This may be because Au
remained inside the Se particles, and the contact between Au and the leachant was physically inhibited by the Se
layer encompassing the Au atoms. However, a leaching rate of Au of greater than 95% was achieved, even when the
leaching rate of Se was less than 30%. From these results, it was confirmed that the use of HyO, can be reduced by

the selective leaching of Au compared to the cases in which all Se in the slime is dissolved.
KEY WORDS: Selective Leaching, Precious Metal, Hydrogen Peroxide, Anode Slime

1. #

& (Au) DL R, WOBMEHCERT DT ) — RATA L
MHEIL S, EFESNTND, O CIE, TR & B
ZHAE DY, AT A L0265 Se, Pb, Sb, Bi, Te 72 & & 47HEL
1%, BB T Au ZEINT B 7 R AN ST, L
ML, ZOFatATIE, Au DOEILETIZHNSHMAEL 2
LHEOMERDH S Y, 0w, BETHE, %< OEERIH
WT, AT A DEOPMIENST Au ZEH L, 12 Hg B i
FHHIES % F0 T Au 2408 - BT B iRA 7 rt = b2 pi
ShTng 3,

LI G, Au (25T 2 BELHA & BLA 4 & oK IR AN 2
it e LCTRVWBNS, ZOMAA DI Tk~ 22 b5 0
B0, HEHAERNDEHESD LENICBONTRAS AT,
B, ML Eml A B HER R TH S Y,

HEW & BRI A & ORISRV T, BB 0@ bk
HUEBMTH B0, TOMAREHRHT S 2 EnRHLAT
W5 Y, CRETICHESHTVAEHAETIE, Au DR E
BT, 25 A MMTEENSD Au LSO TH bilm AR L -
THESHE TS >, Lal, 2T AICIE, Se 7% Au Tk
NTRBICEENTHEY, 202 THBEILAELKETS L,

il

*2019 4% 6 H 27 HZAH 201949 A 22 HE B

1 IER B AR AR R 1L X — B 200 R HeBuz

2. BB RF R R L — R A IE R

3. B B KRR 1L ¥ — BRI R

[ #3451 E-mail: miyake.masao.4e@kyoto-u.ac.jp

F—U— N EHURN, BB, @mk#E, T/ —RAT AL

@ https://doi.org/10.2473/journalofmmij.135.109

Au DEEAVIE R B e B D RGO Lo bk 2 W T 5
FHE LD, Lo T, Se 2R EET, Au OA & BN
BHEESD Z N CE UL, R LK O H R KIBICHIN T
ErEBEZLND,

BICFERT D L 912, Aud KON Se DIRMREN % YRR FE OB
BELUCHET DL, ERIRENREWEAICIE, Se OIEMFEN
2N Au DIRfEEN % LIRS Z bbb, LiR->T, @iRED
Wz vy, B\ KR ORMNEIZ X > CRIEE O] %15 Y)
ICHIETE IR, Se ZIAMRSET, Au 2 Z2RIBSEDLZ N
TEHLEEZLND,

AT CIE, BEREE L I, SIREOEREE V-
FEERAITV, Au OFBPEH & 21T X 25 bk B o bl
HWOFREMZALNCT 2 Z L2 BN ET 5, BERLKRFEOUMN
BRIORIMGEERZZE2 TRHERZITV, BIREHIZEIT S
Au ORHFEZI ST 5 L & B, flRHEEORR
ot BRASeY

2. B A &

RHERICIE, =<7 U 7T AMKEE» SRt S - BidRa
BB OEMRT /) — RATA 2EHWZ, EEKN 1kg DATA
L ERIPEA 1 mm LU F OMARICHAEL, +210RAET D2 LT,
BB LT, 220 bATA LMEE 75 T oML, =H
FBRICH Wz, AT A LAOMRE, FE/EEGT 7 A~
Br (ICP-AES) 2i& (= AT AT A «F /727 JaY—, SPS7800)
& HWCHIE L7, ICP-AES A OiEHE, 50 ml @ F/KIZ 0.01 g
DATA LESERICEIRESE2%, 1mol L™ ok caRy

© 2019 The Mining and Materials Processing Institute of Japan




SEER - SRR b B - P

Vol.135, No.12, 2019

Table 1 Composition of the slime used in this study before leaching.
Element Content (wt.%)
Au 1.67
Ag 14.0
Se 16.0
Pb 335
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Fig.1 Typical XRD patterns of slime (a) before and (b) after leaching.
The slime was leached by 8 mol L™! HCI solution with the
addition of 0.24 mol L™ H20,.
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Fig.2 Calculated equilibrium potentials for Au/AuCls and
Se/H»Se04 as functions of HCI concentration.
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Fig.3 ORP during leaching in (a) 8 mol L' and (b) 12 mol L ™! HCI solutions with a single addition of various amounts of HyO.
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Fig.4 Percentages of Au and Se leached by (a) 8 mol L " and (b) 12 mol L™! HCI solutions with a single addition of H203.
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Fig.5 Breakdown of Hy0; consumption in leaching using (a) 8 mol L ™! and (b) 12 mol L™ HCI solutions with a single addition of H2O5.
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Fig.6 ORP during leaching in (a) 8 mol L " and (b) 12 mol L' HCI solutions with a sequential addition of H,O,.
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(1, O) Percentages of Au and Se leached with a single addition of H2O3.
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Fig.8 Breakdown of HyO consumption in leaching using (a) 8 mol L™ and (b) 12 mol L™ HCI solutions with a sequential addition of H0y.
The bars indicated by * show the data in the cases of single addition of H>O».
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M Au X° Se DIFfRENMZ LIRS T, Auls LU Se DEL B HR
HLZw, 20L&, HOy I3 Ag DERLIC L » THE SR
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BN% <, HOy DHEBENRDRWEE 25, H0r Z2500%E L TH
MUEZ ET, —JEICEED Clh BL O 0y BNHAT D Z & AN
Foniziow, ZhbOERMURE N EEZBND,

Hy0p 2D BT OUMT 52 LT, Se DRHERMHIS NG Z &
LTz, ZOMIEEE D OFEEA, HEREE 12 mol L @
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Fig.9 (a-d) SEM images of leaching residue focusing on (b) PbCly, (¢) AgCl, and (d) Se particles, and (e) corresponding EDX spectra.
The residue was obtained after leaching in 12 mol L ' HCl solution with the sequential addition of 0.072 mol ! H>03 in total.
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Fig.10 Relationship between the percentages of Au and Se leached in (a) 8 mol L"and (b) 12 mol L' HCI solutions.

B OEE TR LN, TOMDEETIE, Se Dz Lt L At
ST, ZAUE, H0r OHEEME S iz7ob Bz b5,
H200 HROEHIE, AuZHEOM LI HFHF LWL EEZS
ns, f:f*‘b, HEFRILEE 12 mol L' C Hp0p % 0.18 mol L™ ! LI E
A L7256121E, H0y & i TR L7256 D1E 5 4%, Ha0o
Tﬁ%gﬁ@u\ HEb %a‘ Au BHRITEL Ao T, ZOEKIC
DONTIE, AN THEZES

3:2-3 BHEEOWE RHFEEZL SEM B L WEDX I
X0k L7z (Fig. 9) , ZElosr L7z XRD #ric L 0, #REicix
PbCly, AgCl, BL U Se NEHEENDZ ENRHALNERSTND
(Fig. 1b) . SEM %2 L EDX Zi#it, T 6 OMEIXLL T O
WHEE S A DRI T- & UCEET 5 Z L3 hro 72, Fig. 9b-d I
PbCly, AgCl, 35 KT8 Se kit IR/ SEM 4 % B/~ T,
PbCly B8 LN AgCLIE, Wb REHE B H, ORNAEZHOT
LR ORI T, KiRIIE um TH B, Sehi L, A—T A7
DR ER LT\ D, BRERIPRS I L Tk S /o & Bb
NAWH RO L O HFET 5, BIATIOAT A JZIE, AgaSe 1
LU AgsAuSes D& L AW REREHR DR T & LCET S 17
INHORAND Ag BEL O Au NEHT D Z LT, ﬂzﬁ&“@ﬁ/«lj:
EROTCEFER—T A7 Se iR kEni—¢Ex bbb, i
5 ORiA-D EDX A7 kL% Fig. 9e (237, Se hifnbld, =
FILEF— 212 eV D Au OFFE X SRR Sz, ok
ST Au I SN e o, L7edd-> T, Au ldEIC Se Kt
WFELTEY, ZInbREAHEITL TN EZZ6ND

3:3 ER
3:3-1 RHE80% LLED Au DR Fig 7 1R LR
FOHBITIH T, H0 WINZ & D Au iR HEO EFIE, Au®

© 2019 The Mining and Materials Processing Institute of Japan

R 80% ICEE L7 (C OBy ), Zh Ll (B OB ) 12kt
RTCHAL L2, 20 Au iRHERO LR O, Au 28 Se bi TN
HICFR R L, Au &R R & OBARD Se 12 X > THHIICLSE X
nNaZlizrisborEZ LN,

Au DIRFHZD 80% LA EDOEKIMETD, Au DFHEE Se DR
FIZRLTTry h 5 & HCLEEE 8mol L™ #5 X 0 12 mol L™!
DENFINIZENT, Au & Se DRHEBOMICIEDOMHBENHER T
%% (Fig. 10), F7=, K& (0.78 mol L) ® Hy0p ## A L, Se
% 100% ZH S D L, Au ORHFEDL 100% ([Z#ET 5 2 L4
RBL7Z, INOHOFESIE, Au OEH2Y, Au ZPHTe Se 12X - T
LT oL XL TWD, C OERIZBWTIE, Se bit
DORMMMBERET 5 Z L& o> TC, BLTHEBICAAEL TV Au 23
RHBICEH L, BWRAHEL /2570w, Se DIRHEOBIK & &
HiZ, AuDFHENERLIZEZZBND,

LinL, XOFEMICHRZILET 2 &, Se Dz AL
HEEHL LT, @V Au /xu”ﬁwﬁ: %%ht*ﬁ%&;é bap/AY SYIEYS)

il %1%, HCl#EE 8molL ™! & 12mol L™ Td Au & Se 0)&;’[14&
DOFI% (Fig. 10) % i3 2 &, HCLEE 12 mol L' 434013 5
2, AU Se RHFETH, @ AugHENMEFOLTWS, £72,
HCl ¥ 12 mol L™' ©, 0.18 mol L™! BAED Hy0p %4 L7245
G, PETORMUESE LD S, —ETHRNLESEDIES B,

Se RHEMEWZHEDL LT, Au BHFIZFE -7 (Fig. 7b) .
INHORERIE, Au %W@?‘é Se K1~ DR HNE: S IR AT
LT&fELIZZ & HbO LMl EN S, SEM B TR LT
L9912, Au @(iﬁﬁ\@ﬁ?% L, R—F 2D Se Wi+ A7
%o Se W LT\ Au DNAEfET 2 &, FRShT- Se bir3K i
TIE, BT 2 RWAREEIZ R 72 Se AN EH &L L,

Iz

(Bai) https://doi.org/10.2473/journalofmmij.135.109
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SHTEMET ) — R ATA L H 5 O RIS L O AR b KR A W - o=

fLo> Se i LHEFET D, ZORER, KN—TF AEENER LD
LEZLNE W, ERofIT, Se DRHEMEVNC LD LS,
EV Au 2 HERNE SN0, HC IR £ 7213 HoO JREENE
WA TH Y, Au OIFEMOREN 3K E L, Au OVRMREIE N F
KRD5MHTHD, AuxEECTIHRSE D L, Au i FA3EERL L
TV BIE, Se KL F-3R i COJR O RS = 2 K n3 5 <
DI, KOO R — T AEEDNER SN D & HEE S
N5, RIEPEWVEAICHAAT, K& ARERIEEZ ORI E 2
BT, Se i rIND Au BN T T2 EE2 605, 2HHE
Erml 7258, FLRDN/NIWER—T AFEERNER S I, 2%
LULEOREENMET 52 L1E, Au-Ag A& DO Ag DR
WL - T, /K= 2 Au #ERIT 2 RICB VT HHIE
RTINS 19,20)0

3:3:2 HO02 EHE Figg7 O/ 7 7 MR T X912, Au
RHEED 80% ICEET D £ TIE, H0p #&3 2% L TR
MI B E, HOr Z —JEICHML7ZHBE L L, &V Au 2 H
BRHF LN, HOy O —FORMEEZ S 51240 B2 L TR
T AL, ORP O X 0 IEHER G ATEEICZ 72 D, Se DR %
EIET & 57200 T <, BbAlO S I X 5 BEknmE s
HIEBRTHEND, Lo T, LER/NRD HO, i A
HTAu % 80% FCRINTE2EEbNd, LML, 80% %
225 AuiRHEREZED 01T, Se bi FINEBICE®E T 5 Au
WS E 572012, HOy 0B HEHAL, Se #H 2
FERM S EOLENDH L, ZOBEATH, B 12molL !
O E VUL, Se IR 30% LLFTH, 95% LLED Au
ZFHENG SIS (Fig. 7b, Fig. 10b) , 2D L&, Z8D H02 &
—JEIZEHINL T, Au OBEfEEE % FIF721329 2%, Se oD Au @
BAERMITL, LSV AuEHER(ESN5,

RWFFECIE, WBE 12 mol L™ ! 3% LY, 0.12 mol L™ ! @ Hy0,
ZEIFMUT L E12, Au i1 80% 2343541, 0.24 mol L
OEEALKRFEE —FEIIN L7z & &1, Auiz R 95% AE oz,
IO H0p I, Au & Se DEBIEMC VIR LR
D 19% BELU38% THDH, Au OBRPURHIZ L - T Hy0, i
BN TE 5 2 EMMERENT,

4. &

SHEMET ) — R AT A LD OERE &gk /kE 2 HVWiz Au
DIFHIZBNT, WK SR O AR ZHINT 2 FBEE LT, Se
ORMZME L, Au Z2BRANCEH S® 2 FEE2BEL, UF
DFER AT,

() PHBAOFFIC LY, HEEAMEES 7mol L' LLETIE, Au
DEMREA LY, Se DIEMREM N 25D Z ENREINT,
Zhuc kY, mREOHEREEFOIE, Se ZIRRIET, Au
720 Z R ICR N T D RREME S R ST,

() BB 8 mol L™ 5L 00 12 mol L™} a4 VY, @Rk
2R HBIAGRRRIC — 72BN 5 Hik TR ERBRZ1TV, Se

il

(Bai) https://doi.org/10.2473/journalofmmij.135.109

OIRZMEMH LoD, Au 2T HZENARETHLZ L%
TR L7z, [REOWBLAKEZH WA, EERIRE Dm0
IEHM, Se iRHFIIEL, AuFHENE L R LR EG,
ZOZ i, EROGEIZESS Pl —#T 5,

(3) ALK FE &2V BT OBRIFINT 5 HIECTIRHEITS &, Au
TRHEE 80% LA ClE, afsbkFEZ —fETHRMLEZSEAE LY
b, @V AuRHENE O, —H T, BRB(LKEIRNE
OHKIZEED Au ORFHEO EHA, 2 H%E 80% LI E Tk
TLHZEPELMNE ST, ZOHALDORIKIE, Au A3 Se Hi
TEIZFREE L, Au &RHR E O, Se 12 X - Tip#l
MICE SN T-d EEXBND,

(4) Se i F-HICHETET D Au ORIT, Au OIRMRHE N E < 72 DI
ISRBETCTRIMET R GAI, KT 2HAAb 7, L
725 T, 95% #2580 Au ZHEREEDLZDIE, K
OB LKFEEZ —EIZEM LTS 2, DPETSHEI LT
W58 b, AFMTHL EEZ 5,

(5) # % 12 mol L™' 0¥l % FAVY, 0.12 mol L™! ook 3 %
SYERRM LT & 212, Au iR 80% 234354, 0.24 mol L]
DML AKEZ —HERM L 72 & &2, Au iR 95% 155
Nz, T o OWMMBL/KEEAEIL, Au & Se ODREFMIC
MBI RGRHED 19% B LU 38% THDH, Au ORI
W2 ko R LKREHEZHIRTE 5 2 L3R STz,
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