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Table 1 The main elements of gold slag %
JLE Sh Ag Cu Te Bi Pb
g 0.31~0.10 15.04 ~34.10 0.07 ~0.27 0.06 ~0.35 0.1~0.93 0.0062 ~0.19
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Fig.1 Production process flow of extracting silver

from copper anode slime
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Fig.3 Sodium sulfite separating silver-formaldehy

dedirect reduction process flow
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RESAF A Ry, F B eI (1) ~ (3) 5 S
TR T 2B A AN EE RN WL (4) ~
(5)[17—19]O
Ag,0 + H,S80, = Ag,S0, + H,0 (1)
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Fig.4 Sodium sulfite separating silver -formaldehyde

indirect reduction process flow

2AgCl + HCHO—2Ag | +CO T +2HCl (5)
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[Ag(S0,),]° " —Ag" +2805" (9)
[Ag(S0,),]°"—Ag" +350;° (10)
Ag® +Cl™—AgCl | (11)

FAR By A AL PR IR B 24 i F2 v, 2 AL HCL
NaClO, , 7EAERE T, KA (12) ~ (16) Fimiy
S

3Cu +ClO; +6H*—3Cu** +Cl~ +3H,0 (12)

2Bi + ClO; +6H*—2Bi** +Cl~ +3H,0 (13)
Te + C10; +6H*—Te®* +Cl~ +3H,0 (14)
3Pb + ClO; +6H*—3Ph** +Cl~ +3H,0 (15)
2Sh + ClO; +6H*—2Sh’* +Cl~ +3H,0 (16)

2 FiR5vhie
2.1 WihoiR- PR EET IR
2.1.1 RN H A

FREL 330 g Na, SO, , Bt Al 1 500 mL 7 ; S 5e3¢
fRIT 150 ¢ o3 45, FF e AL B B84 = pH H K
8.5, WINEWANE W ,33 ~35 C &M FRIR,
N2 h, Zead JE I YA 2 4R 5 1 800 mLL, 40 ~
50 °C 2 FARIE, A 37% 09 H EE VAT 15 mL, il

A NaOH 15 g, B HE SN 2 h J5 , 2 U8 IF BE %,
A EHAR 32 g

RIS AT A R ISR 2, AR PSR T B 15 AR
BRHEHEN 97.05% (38 i 5 W 5 7 AR ) .
AR AR - RS BB )R T2 R RS O Y Ca,
Te ,Pb . Sb Y2 AN[a] F2 B2 Mot A AR A, #H L A
FIRTAR T2 A0 B AR e bn A b MR R
ERAEHRAA T T R, (R 0T KL AR B3 52 M 55 K B A% o 7%
T AR TR T S AE P AR A
2.1.2 Hikmiz

XPIZA AR Ry AR S A T A AL IR IR R A il g, UKL
R 12 o, BN ZE 80 mlL ERFRVAR Y, ERFR W VR E
3 mol/L, FHE % 80 ~85 °C, HHIA 0.3 g NaClO, , fi
$F 30 min Ji7 , i€, PRI K VR 15 21K 120 mL,
A 11.69 g,

I a R LR 3, R 3 B R0, )
FHER AL R IZ B 4, FLAR By 1) S 67 3K 5] 99. 13%
ZTABRACR W R AR R Ty &t — 221k
AT SN A5, AT LASRL By 18 381 R P e 45 o) 2
KA

Fz2 g
Table 2 Test results

53 BT Ag Cu Te Pb Bi Sh
Y& % 34.10 0.07 0. 06 — — 0.38
IR/ (mg-L~") 11.57* 10. 68 31.45 8.61 — 12.58
— IR FSE/ (mg- L") 0. 54 0 2.68 0. 06 — 6. 02
WANITR T 2R #/ % 0.76 — — — — —
WA T2 % 0. 65 — — — — —
HH I LB R T AR % 96. 61 0.07 0.04 0.17 0.02 0.05
WA LM/ % 97.31 0.14 0. 06 0.32 0. 04 0. 06
T = BRI o/ L
x3 HAmRERAAR LR

Table 3 Test results of oxidative acid leaching removing impurity

Fax il Ag Cu Bi Te Pb Sh
K/ (mg-L~") 7.43 5.57 R T 27.58 4.82
K/ % 99. 13 0.04 0. 000 4 0.03 0.07 0.03

2.1.3 AN IR AR
FH SRR AR A J5 B i, SO2 BB il B v i
fEASA JE G W R B A T 4R T ag , iR g g ir

HAMRRR, W— W R 5 1700 mL, i@ SO, 1
#pHEHR 8.0 ~8. 5 HIXK SR, i Tl &R
SO, W A S #th K pH (I B W A8 | H B A
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SO, it i, pH {HI%E 5 ~6, T Z M A pH {HE
8.5, VURIBEIT AR A 150 g 43 4x it | A7 7942 WO
W 55 3 g HIERH .

RIZE R T R 4, R 4 P EYEEE BoRTE
FRIRFR A A RO S AE X B T 5 e 2
AT KEM NaOH, T BUR 2 H a0 25, oK 24

T A HDRLGORY 5 (ELRE | T 8 3 55 2 073 2R
Wit B JSUR R A AL 0.7 mg/L, %Kik 5 2 W]
S o 4 P B PR, T 9 0 2 5 I S
8, ASASL T L5 24 S 4 1 8 B, 10 FL 3 %4 T A
He Tl A5 1A K 5 G kA B LAy

T4 R R

Table 4 Test results of the secondary reduction

gl Ag Cu Te Ph Bi Sh
34t/ % 34.1 0. 07 0. 06 — — 0.38
— PR JESF/ (mg-L~") 0.54 0 2.68 0.06 — 6. 02
BFJEH/ (mg-L~") 0.70 ol Tt 0.6 — 8.94
SR % 0.98 — — — — —
LA/ % 86. 71 0.15 0.15 0.75 0.21 0.12

2.2 Wik $R- B E T RN I8
2.2.1 EHNSER

B 425 200 g (757K 18.08% ) , Ml A 200 mL
HKIEATHAL, I NaOH ¥, % pH {5 % 8.0 ~
8.5; FKHY Na,S0, 440 g % T2 L K, FHEE 39 °C,
PRI AR SO AT 1 o A i RORHE A H
75 ~ 85 v/mindiiFE SN 2 hy g, FTE K PR AR
2 WA BN ERUERR + VR 2 600 mL, 43R 150 ¢,
RIS EE R AN 5 PR, 4R F2ik 5 96.51% , 41
BRI F AR PR T ke/t,

x5 TSRS
Table 5 Test results of sodium sulfite

separating silver

S3 B3 Ag Cu Te Pb
it/ % 15.04 0.17 0.3 0. 006 2
Iy % 0.7 0. 69 0.5 0. 006 2

SRR/ % 96. 51 — _ _

2.2.2 WAV

FWAM T, 2.6 L 438 W b 18 i in Ak
H,S0, 4 H,S0, &5 90 mL i}, pH {53 4.5 ~
5.0, 4 K K A UTTE, 4k 2 A 15 mL ¥
H,SO, , )i pH (HFEZE 3. 8 ~4. 0, BEZS A IR B 4
1T UEAS B SRR S0 LS A E IR, VRIS 1Y AgClLET
JR T 38.32 g, IMAMTAE R UL 6, WA R &
Ag {0 11,1 mg/L, UUAR ik 5] 99. 895% , ULFE 1Y

AgCl F5R 75, 23% , A EALER 4L FEAR &7, AR S ml
DLk 99.96% .,

®6 WA UIHIARAT R

Table 6 Immersion silver test results by
breakdown complex
S3 M Ag Cu Te Pb
MR/ (mg L") 10.58 g/L 27.18  83.7  63.96
WA JF W/ (mg-L=1) 11.1 23.1 25.5  60.48
S % 75.23 0.01 0.02  0.06
VR % 99. 895 — — —

2.2.3 HALRRIZBRIY

U ALER 40 g, Jink 300 mL, FHE 2 80 ~90 °C,
HIA 2 g B NaClO, F1 3 mL 582, SO0 1.5 h i v,
FARRIRYE M . o3 3l Bk e 5 A A 1 S AL AR A 43
Br B 5RN3R 7 fis . 25K R AR E Tk
X SRR SR A% , % 4 8 43 2% o e 2 AT BRAR I & B
B

®7T AR ERIAEER
Table 7 Test results of removingimpurity

insilver chloride

AT Ag Cu Te Bi Sh Pb
VEW/ (mg-L™') A 13.33 26.67 23.77 12.80 80.00
S % 75.25 fE fE ME 0.0071 fiE

2.2.4 HESL)R
FREBUEALIRIZ bR 22 I W) &AL AR AL &Y 27.5 ¢, i
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7K 400 mL, FHE % 40 ~ 50 C IHARIE, INA 37% 1Y
HCHO % 15 mL, B 2% 12 il A NaOH 15 g, Fifi %
NaOH fil A ,pH {E A ®I /9 7.5 ~8.0 FF £ 11.0 ~
12.0,pH fHZ 58 8.0 ~9.0, b 5524 515 3 H
kY 20. 71 g, 3RS + PEZK 500 mL,,

RIS 2> A 45 SR UL 8, ML By 0 7 3k )
99.93% , HAth Z% i & w4230 0, R AR AL
R OUR TP 43 64T, A R T AR b A AR 9 ot it
R 2B B0IE T A /4R - H A )R - R AR R 1=
B2 T 2R IR 20 B — K A I T — AR A b ok
Brae T2 AATH . T ORE Tk Ak i L, I 28
A T 5 4

&8 WL BRI 4,
Table 8 Test results of formaldehyde reducing

silver chloride

ST Ag Cu Te Bi Pb Sh
S % 75.25 fga o E fEE 0.007 1

WIFEW/ (mg-L71)  BEE B BdE Bl Bl 3.91

KAk % 99.93 Bt AR BURE BURE RE

3 TR

MR WA R T ZEBRE R T2, 0]
PLR BIBUE ARG TP 0 B 0y, Rk B E2E b 5e
B AR BHAR AR, 325 A AR B T 5, AT AT 494
FERAS WD N TG D, B e B B T ELA) TS
RO T ARG T A SR AR P R A 28 H I 3R
B i5 YL n)

1) RERFAS . R0 03O E] 4 10 b,
WCHR B (9 38 ARSI FE RN 92 Nm'/h, #32 HE R 4R
SN LR 2. 54 J0/Nm’ T8 B AR
A 2336.8 TG, AREL I L OHLER Ry Ak B B 2 Oy 4
t, R MBAEAE AR P2 2 320 ¢ HLAR KT B4R T4
RIRAIAL) 18. 69 T1TT.

2) AR AR, BRI B R ok AR BB AR
St AMHZAR | BOR AT 38 A A AR R B PISCER A AR
{HRAR I PRA IR I R o AR SEBRAE 7 i AR 2R
H S AR 294 300 kg/a, # BT 4R B4 4 /g
T BAREAER P T PR 4 2 38 31 120 J10E,

4 5B

LA R A M B X [ g 7 — Rk T2 Ak PR B A

Ve IR T 2 AR AR AR RE o 19 G ™ HE )
AR 2 P Ak T 22U RER SR - K& DR -
WO T2 AR B LU T 458,

1) AR - T B HR I T 275 3 R HLAR By
an LA 99.13% , HiR Jiad 2t Cu Te Ph Sb ¥
S AN[RIRE BE M e AR o RS E MR 2 | IR SRR
Wi T 20 ik — 2L

2) MEGA R - F R TR 220 I T 2575 ) A RLER A
i SL I8 F) 99.93% , F Al 2% o & B R 0, B E
L3y I

3) 5 AN PR A S R AOCR A, E R
AT KA NaOH, S BURR M ACR 22, B
AT HE AR AR o AR AN 0 AR 5 e T B
TGSk T A AT, FEE AT LA e 2 7 K
JHCF TR, AT LA RGP I 7 Ak B 5 ST M T e, 0
— DR A G

4) ISR FH A Ah o3 F - PP IR () 250 J T 2 A0
J5A = 1 - K R AR — B P LR A IR B
AL, AT B AR AR ol 84 B s = D
138.69 717G,

E=3CN
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Experimental exploration for omitting silver converter process in

silver extraction from copper anode slime
FANG Meng-zhao'*, LI Wei'?
(1. Daye Nonferrous Metals Co. , Ltd. , Huangshi 435002, China;

2. Key Laboratory of Non-Ferrous Metal Metallurgy and Recycled Utilization in Hubei Province, Huangshi 435002, China)

Abstract; The rotary kiln combined with hydrometallurgical process to recover silver from copper anode slime is

used by a metallurgical plant. The obtained crude silver powder is of low grade, for which the silver converter
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process needs to be added, it will result in an increase of energy consumption and severe environmental pollution.
In a bid to omit the silver converter process, a new hydrometallurgical process for silver separation is tested by the
plant to replace the original silver separation process of ammonia leaching-hydrazine hydrate with the new
hydrometallurgical silver separation process. Exploratory tests were conducted on silver separation with sodium
sulfite-formaldehyde reduction-oxidative acid leaching process for impurity removal ( silver separation with sodium
sulfite-formaldehyde direct reduction process) and silver separation with sodium sulfite-decomplexation of silver
separation solution-oxidative acid leaching for impurity removal-formaldehyde reduction process ( silver separation
with sodium sulfite-formaldehyde indirect reduction process). The results showed that the silver separation with
sodium sulfite-formaldehyde indirect reduction process featured a sound stability, the grade of obtained crude silver
powder reached 99.93% and the content of other impurities approached to zero. If the silver separation with sodium
sulfite-formaldehyde indirect reduction process is substituted for the original process, it is estimated that the plant
will increase benefits of at least 1 386 900 CNY. The regeneration and recycling of sodium nitrite solution from the
test process is the key issue that needs to be tackled for the follow-up new process. It can not only solve the
problem of production water volume expansion and but also lower the volume of wastewater treatment and
consumption of sodium sulfite, which are of vital importance to further reduction of production cost.

Key words: copper anode slime; silver extraction; converter process; environmental pollution; production cost;
crude silver powder; silver separation with sodium sulfite-formaldehyde indirect reduction
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Test on removal of elemental sulfur from leaching residue of arsenic filter cake
HU Yi-wen, SHI Wei-qiang, ZHANG Xu-yong, QIU Fang-zhou
(Jiangxi Copper Technology Research Institute Co. , Ltd. , Nanchang 330096, China)

Abstract: Aiming at the leaching high-sulfur residue produced in arsenic filter cake treatment process, the
elemental sulfur removal process was studied to enrich the valuable metals in the material and realize the recovery
and utilization of resources. In this paper, hot leaching method with sulfurizing agent was used to treat the leaching
residue of arsenic filter cake. The test results showed that the best leaching conditions were as follows: when the
concentration of leaching agent sodium sulfide was 2. 00 mol/L, the ratio of liquid to solid was 8: 1, and the
reaction was carried out at 85 °C for 2 h, the leaching rate of elemental sulfur was 98. 1% and that of arsenic was
99.0% , while the valuable metals such as bismuth, lead and copper were almost not leached ; at the same time,
the leachate can be used as sulfurizing agent to precipitate copper ions in waste liquid, and its precipitation
efficiency is equivalent to that of sodium sulfide solution, so that the reagent can be fully utilized. This experiment
can realize the efficient removal of elemental sulfur in one step and reduce the arsenic content in materials
simultaneously.

Key words: arsenic filter cake; leaching residue; elemental sulfur; sulfurizing leaching; resource recycling and

use; sulfurization agent



