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RAPIAERGR 7> B B AR RE, B —ZANL
RHGH AL . AR B 1A LA BRI R AR
HUE SRR R AR RUK AR Th OB AR BE A e i 7 2%
BGOSR /K MAR L AT ik 600 LA b, T SESURRARIR E H
bR E TR AN E AR FARLRESIA
R RS A BB A B R R AR . BT
ARFECEFRE B NS, R TG RE AL T
Iy BERBURGR &R TR . R,
R 27BN T B A AR IR, AT SEBLE K
AR BE (e 5 R IR AR B ST Ry 18, vl ik
PR K R . BRI SR B, A
RAFREREEAE R 2 & i BRI OT T RS2 8%

ARSI AT SR it k) SRR AR 8 R KA
R 5, W55 T SRR U T ik A B AL
B, 738 PR B B 1 IR SRR AR
SEAATIE . AERCERRL B, SRH T FPERG IR K
T M OB R BT L, DASEEUR K SR =
ORI H

1.1 XTI S#HR

SEEG AT KA RNRE B 1 AR R Sa ) &
K, B Ry WAk 1. A HLFHA 0.25 mol/L 11 N263
(P2 = SR R U B BRI VR . N263 S Tl A,
8 JE ] e B A PR A A . Bhih(8008-20-6)18 H
FE AR A TG R . Bk, SRR AN
oy tral, a8 E 2R SR A A R A .

F 1 FALRRGE KA 1o A
Table 1 Analysis on chemical components in auro-cyanide

wastewater

PCEND)/ p(Auw)/ — p(Cu) — p(Fe)) — p(Zn)) o
(mgLh) (mgLh (mgLh) (mgL") (mgLh P
2207 1562 5965 3100 065 7

1.2 (FES5EE

FE ARG FH 1 ) A X e v e S R s i 10,
KT PR AH A R AR R T 2 2 (BT1-100L-LCD, _Eif
BURF AT AR B IR A R AR ™) . SRR T & 2 AL
(GA-81, FigHESESA RA R A7), HBEE T
T (LZB-3WB, N & 4l va WA AR AR A PR A 7] 2R
PR AR -

1.3 LWHE
1.3.1 SO E

1) ZEEUHE N KAANEN A — U R T % AR L
o, FHERERGE T ug K O, AR Bk 0
FENEKERE, FPRNE R A B 51592 . /KA
BB N AR S, SABUA 650 mL. 285,
BB A A DELL AN A, EAAEN
150 mL/min. FFSEFRE ARG, MAEHURE T b gt i
MRS RN ESHA VR mAE, EHEE N 60
mL/min. G PIEERGHE AL AR, TR “H
W7, SRR KA, 7R T S
FrE . BRI, ARG AEEURE b o v 1 H 0
£ DAEEHUEE N JT 467 AR AR I V8 23 SO I Z1 0T 4
THI S AZEHOH: R 3 tH 7K E EUAS [B] I Z0 A P9 K AR
R4 BB EIKE . AN R 3 ASPATRE, &
APATHE 10 mL.

2) ZEEURE K ARG R | i AR R AR 2EE: 1 0k,
BHEFRURE R K, AEEURE ok K RN R
BRI, FPERE TR ZERRE 5, FT PR iy
HKE, 482204 10 mL/min FI9 8 M EEEURE _F itk
PR ACENA, AR A URE R 3 HA 7K 1L HE 7K
M, FRMNEERE Bt K DN . KA RRRAEREHL
FEPESARIHEE . e S S5 RREL AR FUA
1000 mL. #RJ5, MEHURERH# S IELLRE AT
S, FRSOEN 150 mL/mine FFIREE A UG,
NG s o g MBS YN SR S e Gl
K, ZEME A 60 mL/min. A7 7 A HLASEUHI “
W7 BRI RN KA, 7R AU T SR T
MR It R85 AU bt Lo . sk
I EERGRIAR, RO EEEURE T ki CT RN
REBGRIMARES: . RPN AR . DASEHUE N R
72 AR R E IRV A ORI IR AR THIN,  ANEEHOHE T iy
HH K T ERCAS [ I Z10900 H A P KA, A 4 8 P
BIREE . FABTZIEL 3 ANPATHE, BAFATHE 10 mL.
132 &x*

B — & BIIBUIRIE T 0.5mol/L [ h B2 /KW,
B il B 1.2 mol/L i IR 11 R 8 K T AR N IR 2657« 48
i B B VL e R AE S R A B 1 A LA, AR LG
A:0=1:1, ERBANAFTIANRER, =i FES
BiFE 15 min. FREEEE, DCRKMEED, RERR)
IRTRLIN G AR R, IR FEELE LIRS,
B — W= ZEJa A MU EE T R ZE . K5, WEERT
ARERBAH
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133 AHUAHFEAIEH LA

W80 =R AP S A A B R RN
B, GRS EIEER RN, S M AL A
WRERAE ] 1.3.1 35 AT A I ZE R 18 4 R Rk
|
134 EERE#R

WS —2 S —RRAERT, HEGL =S, TIA
AR AFATHFEE B, 24 h 5, WEBRSYH
R E SRS B YR, BRI R, IR
BRI . Pk B RS I SRR
1.3.5 Pk BB RRIERREE. B a4

1) RIS BEE: BUERR B 305 IR TR,
BN 50 mL 0.1 mol/L H,SO, ¥, HEHEIA# 30 min,
FrEUE, BRI E g B EIRE, JER
5 SR

2) BRIESY 4 . BURRVE e fE e, B
T 100 mL 0.5 mol/LH,SO, ¥, 182Nk, HitE,
30 min JEid B8, BN RS IR EIRE.
1.3.6  BRACEEMH] &

W Bk B R S TRVE 7y BB fa MIEUR A, n
A 50 mL 2 mol/L frIEEAENIAW, 1E 80 ‘C N n#x
3 h, JbiE, K IEEETRRIBRAGEE

14 SHh7E%

RERIKA T 4 A T IR R R 36 [ e 1
& ICP-MS7500 Wl5E; pH {ERFMEER & R
S20 M5E

1.5 BRI
1.5.1 ZEHCERITHE
KhHE WAERCRE) T AT
E=2 Pt 100% (1)
Po
K E NEARERE, % py RN RIWILG S/
RS TR, mg/Ls p, AU R B — N 2 A
R/ B T UEIRE, mg/L.
152 RERRIHE
KA e, WRAERGSNIE LT
Pa XV, o
Szmxlo(m )
X p, WIRZERWH L/ 7 ERE, mg/L;
Vi NIRFER AR, L py NIRFERT A WA
S/ BRI, mg/Ls V, NAREAEIHEIER, L.

2 GRS

2.1 BoRmEEEE R SRR
2.1.1 FERUENKHAZ, TRBAHEEATHUAE— K
TEAETT % A HL
N TR WREERAT N, B 1 s e
(I AU — I AT i A [ A < AT ) S 6 45
ROKFRHRAE R BUE N AN o

100 —
80 |
60 -
5}
S5
40+ . Au
o— Cu
20
[o! 1 1 1 1
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Time/min

B 1 Je SR A HUAR — O AT T i A BN AR KA
TR H AR ORI 18] 1324k

Fig. 1 Change in percent extraction of gold and copper with
reaction time during fresh and no loaded organic phase passing

through extraction column only once

B 1 ATLAEH,  PRK R R 4 T AT AR
REER . FEHUSRE 15 min J&, 2R 4S5 T
WRPERDPE 2 1.132 mg/L, HIZEHCR EE 99.8%. [FH,
o AR PR A U 7K P I IR 4 U 8 1 th ] gl R A
I, HERSKE FHAERERRERTRHRL S 1. %
WU 10 min J&, BEARTRP 1 4 504 55 13 Ry B
£ 0.016 mg/L, &FBURFEIE 99%. K, RHE
TR R ARA S 4. W AE K, AT LR
R R 7K P AR BEE (), 38 AT DR e ARG B 1)
4,

NS, AT T IR SRR R . K
10 mL & A A HARGIMAES 100 mL 1922 KRR
BT oiietF, IR A 30 min. FRE G, B
TER SN E H 4 B . RIS R,
SR BT R EER RN 61.9%, HFL BT 1)
BRI 85.9%. AR, SULH A EEA AL
GAERTE M. ARHER, HRFERHA R
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AHUABGH 2 BRI, SIS BAE AR . 8
7 1 A B 5 H R T O O BRI R, MY
5 ALK R B AT S R A 08, T HS
TG A T BEHT L B e LE AR F PR e S T T AR A O
TRAE A G2 AR R AR RE OO (1 S B R 3R A2 BV I (] PAY
T A PP AR ) S T TR AR, 7 T T AR O IR o PR A AR
A KRB, S5 R N U SRR, s
BA BN KA PR 5108 S B IBGE R
AR T o S AR IO —Fh 4 () 3R U
2o R MR AT FLAE G 2y Bt A AR SR T
TR Z A LA ORI, T Se KRR S
AL B I AR B R s T sl 72 Al ok
B 53 73 B AR v, R] 7870 R AR o A AL
RGN, ABCRKAEH ARSI 8], 1 H& . 4
SRR VS i (2 VA7 | OO VAN 3 Y
EIr R AR, S A R AR B IR
T2 2R SR BN, AW A B T e
FEARM, SEE T B s T IOE RS RE, ik —bn
WY & WETRAERGER,

HIE 1R R A, S A OGS e rh 2%
T A B AR BT A U T A BOE R . XS]
N U7, ERSE T TR R TR E T
e 1A, HEUKIE R TH s & 1. KT
G T A DN B SR R T,
JERERL. F 75T, #LL Cu(CN),~ I e KM A7

FECY, T4 5 RS A TR T2 AuCN . AuCN

55 N263 FEUGH 2 TH RsCHN G5 & T & &Y fa
SEMEE T Cu(CN) 5 RCH NG S TR E &
AL, AuCN %7K AH ST N263 ZEHUH 731 IS Al
JIEH R ET Cu(CN); P2,
2,12 ZEHUERKFAS), CHaE— e 280 A P

— Y AT % AR L

N T HBERFERA R T — B RS BT AN
X4 RS T RERT AR, B 2.1.1 RS 1FE
1 AR B G MU S BT SRR T i, HEAT — Ul
FE T % AL H S50 KA RHRE B BURE AR Bl . 7R
REPCAHUAH A TR 3N 143.3 mg/L. B2 fios i
RERW 4. AL BB I [A] (1) AR 4K, o

HE 2 iTRUE H, RIEA N5 T i
PR T, WA SRS S TR TN .
JE 7K AR TR FE 11 46 SR 2% 25 - A0 SR T A A e s 2
B, HAE R B 1 RE B R AT S DT 3 2 1.

AEHY 20 min J& , 24P HI RS B IR A R A 2.217
mg/L, HREERILT] 99.6%. AW P &E %S T
(IR BE I 22 0.016 mg/L, 4 HIREEURILF] 99%.,

100 N
80
60 -
=
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20
o} 1 1 1 1
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B 2 OO R A UM — UGS R TT B A BN 2R
AR 4 4 A R B IR 8] A2 16
Fig. 2 Change in percent extraction of gold and copper with
reaction time during organic phase loaded with certain amount

of Cu(II') passing through extraction column only once

Bl 3 B NG SR IR A LA . LA — e i
SR A VR K 4. BT, A8
R4 HIREEBERT A1k . I 3 FTDAE H,
R FH A7 S PR A TR 2 B 7K R 4 U S T
HARUHE AT T A B MU . X FER BT
YR REEREE TG, BEALR, AFTHYAHE
EAERTAR S EH . Fit, RAE— Wk
B VAT R, 4. S E TR R
g
2.1.3  FEHURENKFEAS), CRE—e & H A VA

FEREBURE N B A B HL

KA N263 #EAT SO RERU, BRér. s
BT RS, KRR, BRI R T B T
PRENANIAE . AR EE. BRI T IR R
FHE. WESETNAERE TR N7
PRESAEAEH, AT AEUS A VLA 0.1 mol/L
(IR BT, DABR K AERIEA MU B B
JRE . NG, FGERGE S A 7 B AR AE A U A
TEIEAE, SRR A EL . B 4 T M EEL
FEPKMAZD, A — e &8 A HURTE A2
BT, BRI G (0 BEE R B A R] AR AL o

P 4 AT LLE Y, 2EH 30 min I, 2EA000H B
BB TFIRFEMAE 1.140 mg/L, H1HI R B [AIUS R A 5]
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99.81%. 4B BT HIALHUHE R M = T 4% 5 1o
16§ (a) AH 20 min B, ERBHHIETEE TIREREE

1.4

= — Fresh organic phase
o — Loading organic phase
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Time/min

600¢ (b)
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& 3 AHUHE AR R TR AR DB R ROE A 1

Fig. 3 Effect from organic phase loaded with certain amount

of Cu(Il) on extraction rate of gold and copper: (a) Fresh

organic phase; (b) Cu-loaded organic phase
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Fig. 4 Change in percent extraction of gold and copper with

reaction time when Cu-loaded organic phase after acid-scraping
was used (Aqueous feed solution did not flow in extraction
column. Organic phase passed through the extraction column

circularly and were not discharged out of tower)

0.044 mg/L, &ARRIAR] 97.16%. HUILATHI,
AR RIS, o] s 8RR R 4 4
BT

5 2.1.2 AR, AT S8 A HURRZE R B N
SAGHRS, A HUAH R 57 28 E G A 0 14 i
B, Bk, SEERCEA TR HBTRAK
AT ZEICTT 2, AP R /N T HAE A
&, MEAYVAA AT DLE A A RS T
IEAh, AHRESBRYVERR ARG, S A I ] A &
WA RIIG K . H 2 BEE A HURAE R E g im, Al
FRIH ARG K, SRR RGP E
FEASWTIE N, AN 6 T P 7ok 8 25 A T 7 T S5
& RS R T I ZERUR R ARG, BRI PR
(4 H S B IR B A 1Y 0
2.1.4 KAEREIEM S ZERGE M FER, SR — =

B PR A TR E ZE U A 7 PR I A A HY

N T SN a4 AR R
IRZIE, N4 — T E A UARPE R S AL, B
— BRI R AR AE A A . B S B N 2R
e A AS EL A B N E] AR A o

5 AT RAE Y, AL 60 min N, XA H
BB TR BREE 4.577 mg/L, A B E] Yok 3
99.23%. RN, AEEY 15min B, KW ERSEE
FIREEN 0.016 mg/L, SFEHRIEE] 99%. WK, 4.
RS B T R ZERUR YRR B 99% LA b, HEEHUAH]

100

80

60

E/%

40

20

0 10 20 30 40 50 60
Time/min

5 JKARGEIA . AHURIEIAR &, B2 BRI 2R

Fig. 5 Change in percent extraction of gold and copper with

reaction time when organic phase loaded with certain amount

of Cu(Il) used (Aqueous feed solution and organic phase

passed through extraction column circularly and were not

discharged out of tower)
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SPETHT, SRS B A U 2R B m TR S S
7

5 2.1.3 THHEAH L, S0 RTA LA AR 4 T
PR 429.7 mg/L. FUECE WIMESLAERUN,
HUAH A J 28 T i UL K, &S ST
RERUHE A 5 TR A AR . (H2, s
T AL HGHE 2 H) B AR T KA S R . il
JRR, FERMKMESRBN, Wil bAd s
KA RAGREYVIER, (5K A PR E R, 7K
FHANBT R AT 6 R A LA R, oAk 1 B 1 A% i
2, AT (R A 4 s il & AR R A MR E . R,
IKAHGR BT, 7KAH AR P R 4 285 25 T I A U 2R
BT KA FIAEELER . KA, 4 AL
R T /KA AR, RF N A HIAHE R
HE R E S E IR E N, 25 RN AR
N263 7 FHH /D, 5 UK ik B A 5 4% 25 1
A HUHE HAL G

FIRESRK A B RS, R R
(4 R S s UM IR BE L3R 2.

2 FAARGE R K G SO B A UG 2 AR R B 1 4
] B e s AR
Table 2 Concentrations of gold, copper and free CN in

raffinates after gas bubble supported organic liquid membrane

extraction
Component Concentration ifll Percent
raffinates/(mg-L ) recovery/%
N 179 91.9
Au <0.02 >99.0
Cu 4.98 99.2

MR 2 WULE H, FA P e R /K 4 0d B i A AE
WE, BEKFIE. MEREE T 0T aaEm, R
RIGIEF] 99% LA I o HH LS 5 IR 42 4.98 mg/L,
SEKBE TR 0.02 mg/L LT . BEKT RIS
G PR A 179 mg/L, FURERIEH] 91.9%,

£3 RERRTIRE TS R

FTLLR [E R B e, TEfsh e, ok TR ek
IRAEIE 4] B Bk SR 2% T 88 1R P SR B
SKIL T KRB IRAL M A

HSRIR S5 SRIEm 0, N263 ZEMUFI e 4. 4
BT RARN . 558 s ST RNELE,
A5l ML K, N263 AEH G 5 &
T AR R T S R B T

22 HARANMERERWEFE

22 B R AL U (1) 57 A HUAH T DU B Pt
AT REEPTS R 3 sl A WA PR S
SREEGR 46 ] B RO B B S ) R ZE e v B A
FEANAHREZETT, AT S 2N 1.683 mg/L.
& BN 648.95 mg/L.

&3 ATUE N, HEAVMHEE MRS,
SR RFERIER 99.17%, 4 B A ik 3
98.78%, HILULH], FEANAMHELHmRREE, H
MU 4 8] J LT 58 A h A R ok . B MERIRTE
KRR 2 A4 HON S, wiE i S A
WS, SIS ) BE YR RIS [B] T ZAE A .

2.3 AHEBERTNMERMEE

Kl 6 B 9B MU AP AR 5 B0 bR AU A6
R4 AR EEBCR B 8] AR Bl . AKARAEER
A, VA RER AL

HE 6 \TLUE M, fE/KAMHIE . A HARTERR A
BUS R, ZEEL 60 min B, BRI H R 4SS TR
P22 23.25 mg/Lo {Hs2, ZEHL 45 min B, ZERWHT)
SR E TIREMHN 0.099 mg/L. 4% HRIL T
93.68%, HEINFN 96.10%. WK, REFLEFNE
UMD AT b R B F U 4 SRR 31, AN
A JE T LAE RS -

5 2.1.2 THARML, KA S FAE AN AR
A HURH 4 % B IR 7.923 mg/L. AR
JE WA WUHZE R S . 4% B 1 (1 36 HGH R B T
EEE NI ZERCE S . TR, ATRe R HTA ML

Table 3 Percent stripping of gold and copper and their concentrations in back extraction raffinates

Concentrations of metal ion in

P t stripping fi
crecht SUIpPIng 1ot Total percent stripping

Stripping stage ~ back-extraction aqueous solutions/(mg-L™") each stage
Au Cu Au Cu Au Cu
First stage 1.625 582.75 96.55% 89.80% 99.17% 98.78%
Second stage 0.044 58.28 75.86% 88.03% 99.17% 98.78%




230 B 4 W

XA, A SRR A R AL SR SRR KB L E 881

100

80

60

E/%

40

20

07 10 20 30 40 50 60
Time/min

Bl 6 AHUHRARERER G, AR R

Fig. 6 Change in percent extraction of gold and copper with

reaction time after regenerated organic phase used (Both

aqueous feed solution and organic phase passed through

extraction column circularly and were not discharged out of

tower)

FIRFERFEEH. 5 2.1.2 T2, i s EoE 2=
M EA — e W AR ER, &, %S T IEE
BURR N, [t REESE T S8R HT —
SERIRN . (ESEBRAEF I RE T, MR B R EE e 4 e
HPREEH . SRR TR AREIMEE =R
G PR P IS, 4. SRS B T R ECR ]
BINZ 99%LL b, WFSZ T FR A .

24 P EREIWRESEFHEME

FEA VA ZRRERIR R A G, REERBE 4.
T U Bk B e Y BT U R R R IR A
W, HAP 4SRN 0.835 mg/L. H& &N 320.515
mg/L. & 4 il aaiet B, S8 EIRm 4.
AR R B A R 1) B A R

R4 PR EHREIERTE IR S B R
Table 4 Percent recovery of Au and Cu by zinc powder
replacement and their concentrations in filtrate after zinc

powder replacement

[Au)/ [Cu*)/ Aupercent  Cu percent
(mg'L™) (mg-L™") recovery/%  recovery/%
<<0.02 12.5 >99.9 96.1

H#E 4 ATLEH, SEBRFET] 99.9%0 L,
EERy B L AT DA 5E 4 RN R S R b i 4. 4
() B e R IA ] 96.1%. 41 B R ng T4 o

2.5 SEMEMRBEIAMRE. D EEE

TR R AR BEE PR EH & Wb, &
AR i EREBRESEN 4503 mg, 5
BN B I IR N 0.016%; RN 1.663 g,
HERRY B TR EON 59.17%; BEEECN 1.143
g EPR B IR R R AU 40.67%.

NSEEUE R B s 0 4 B, SR D BRIV
Yo, FEBER 0.1mol/L MIFHERERIEME, Brr. 2R
Jei» K BREE S TR RN 0.5 mol/L MIRER AW F, 8
MBI HPY, e M. iR E S,

WIEEREY, 2 PRIEE, EHTREET
WFE<0.02 mg/L, #5FIRAE<0.02 mg/L, 4. i3
AETHBER, SRR, &3] 7 5B
H o 400 BEE IS IIEE AT D IRIE, IEMh &
FIRFE<0.02 mg/L, & ANETHRBRER, 10 AL e
NIEW, BT & o s EHK . IEENEEEY,

BENRT 90%, FEEIAEEENE. BT 248
(1 4 SR = TA 98.06% LA b5 4 11 A (1] i 2% 54 2]
94.74% . I S EAE LA R FAL K, BT
[l 4 1.532 g/m’ ALK, PEAR R SR ERH 41.50
kg/m® FALIEK .

2.6 FWALEEATIE

T EICEE, TEERRY B S 1 E S BRI 2
mol/L ZE AN, TN#E] 80 'C, #EFE&N 3 h A
A, i, 13RI D,

S gt R R, W SRR I N &% 0.755
kg/m?, MIF=ARACEEE 1.079 kg/m®, SRR E
3 96%. PRIk, Bk B e 5 1 B e B RE I s
R BB B = 1 77 QAT [, SEIL PR SR A
W H .

2.7 EUEHMEFERUEIEE N E KN L ERE

g bRk, &7 P A B e AR K B T
2T

TR 7K 1 SR A S AR HR AR 77 2K Rl i
PR L A IR B <, AERTIR I T
HEMM . ARAAPURR AR A . R
TR FH B Ky B A S A o by B 30 1 S FH AR B
PRI 7y B B, AR A PR IR 0 B 4 i
JEERET S TSR ALR T 90% & & Y, IR
FREREATA . BFh B4 i) B BB I, n#4
AERE, 1S RIBALEE S o
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Table 5 Percent recovery of Au and Cu and their concentrations in acid-leaching solutions of zinc powder replacement

Acid leaching step [Au(mgL™") [Cu®]/(mgL™")  Percentrecovery of Au/%  Percent recovery of Cu/%
First step of acid leaching <<0.02 <0.02 ~100 ~100
Second step of acid leaching <0.02 15760 ~100 94.74
Total recovery >99 94.74
Auro-cyanide
Fail to meet wastewater
standard N263
Recycling A :
for reusing Extraction
o [ Organic phase recycling ]
Thiocarbamide+ T
HC Stripping I |
e ) o
A 2 mol/L NaOH
Zn powder

—*[ Zn cementation
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Residues
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Heating
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A
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Fig. 7 Technological process for treatment of auro-cyanide wastewater
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A new process based on gas bubble supported organic liquid
membrane extraction for treatment of auro-cyanide wastewater

LIU Jie"?, WU Xiao-hong', HUANG Kun"?, XU Zhong-min*, YU Feng-shan®, LIU Hui-zhou'

(1. CAS Key Laboratory of Bio-based Materials, Qingdao Institute of Bioenergy and Bioprocess Technology, Chinese
Academy of Sciences, Qingdao 266100, China;

2. School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao 266520, China;
3. School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing,
Beijing 100083, China;

4. Jinchiling Gold Mining, Zhaojin Mining in Dustry Co., Ltd., Zhaoyuan 265400, China;

5. Jiangxi Province Han’s Precious Metals Co., Ltd., Shangrao 334000, China)

Abstract: A new process based on gas bubble supported organic liquid membrane extraction technology was suggested
to treat the auro-cyanide wastewaters. The results show that, not only the high-concentration copper( [) in the
auro-cyanide wastewaters can be recovered satisfactorily, but the very low concentration gold( I ) can also be extracted
efficiently by the suggested gas bubble supported organic liquid membrane extraction technology. The percent recovery
of copper( ), gold(I) and cyanide can reach 99%, 99%, and 91.9%, respectively. The raffinates after bubbling
extraction can be returned back to the mineral separation process for reusing and recycling in the factories, so that almost
zero discharge of the cyanide wastewaters comes true. The Cu( [ ) and Au( I ) in the loaded organic phase can be stripped
by acidic thiourea, and then the regenerated organic phase can be returned back for reusing. Zinc powder is used to
recover gold(I) and copper(I) in the thiourea solutions. Then, gold and copper can be separated by two-steps of dissolving
the zinc powder replacement residues with dilute acid. The total percent recovery of gold( I ) and copper( I ) can reach
98.06% and 94.74%, respectively. The raffinates after the zinc powder replacement process can be used to produce zinc
sulfide products. The total recovery of zinc reaches 96%. The suggested new process based on gas bubble supported
organic liquid membrane extraction technology is economical and with a low processing cost. It is also environmental
friendly, and might find potential industrial application in the future.
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Foundation item: Projects(51574213, 21606248) supported by the National Natural Science Foundation of China;
Project(2018GSF117028) supported by the Key Program of Research and Development of Shandong
Province, China
Received date: 2019-04-03; Accepted date: 2019-11-06
Corresponding author: HUANG Kun; Tel: +86-10-62332926; E-mail: huangkun@qibebt.ac.cn
wWE T B



