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Table 1 Main chemical ingredient before and after the elimination of copper and arsenic in dried sludge
—K R 4 Cu Pb Zn Ag(g/t) Aulg/t) Ni Sh Bi As F S
=k TE&Ew% 3.60 7.18 9.21 121.80 8.52 0.56 0.16 0.31 7.16 2.83 5.62
= ¢ 5 Cu Pb Zn Ag(g/t) Au(g/t) Ni Sbh Bi As F S
=k TE&Ew% 036 1.18 1.21 152.30 11.70 0.05 0.11 0.29 0.43 1.10 0.15
1.2 #AR5UE XRD - X §f 4 A7 §F 1X ( Bruker AXS GmbH,

WA EE R R IR
B TR (B R B, B AR A AL SRy
Al TELH MRSV AF RS pH i ( L
HREAART) MR IR T AR A | /R L B
Pean | S BGUHE 7 BEH Ar B IR IR K B R

e B H9:2012 - 03 - 07

Germany ) #iI IRIS Advantage H3,JiFH%E & {4 k& 5
AL (ICP - AES 36 [E TIA AR A ™) 4.
1.3 RE5/WFHIE

FREL 30 g T B RIS R 250 mL 53
e $— R E b, E—E 1 pH &R T, IA—

{EE B FRAF(1987 - ) 2, IR G IT A, AR, BF9E T 1 R SRR R EORBTE.
BRI R, H R 50071 KRG RERSAR S RS FI IR, = BERAA
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1.3 EZREER

IEARSLG R L16(45) 34T, Bk S5 pH {E
WE 2, LA R R 2. AR 2 WLMRH 45
SRR EWEE 10 g/L 2 HBE] 6.5 h, 41k

HMHE7 o/LRMIEE 25 C b 301 1,47
R LR A RIA 79. 9% s MR ZES M5 RKE 3%
MR E MR R PR ERER N R, >R, >Ry
>Ry >Re, A EE N R BHSBRE AL UG
R, PO WA AR e, T A AR
PR 520 A d /D, i BE A8 Bl A 07 R o
A3B3CZD1E3,,ﬂ\:I_'£ji§,’§j’g: Tﬂ_: pH = 2\A3 =
10 ¢/L..B, =5 h.C, =7 ¢/L..D, =25 C \E, =3:1
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Table 2 Orthogonal test scheme and results analysis of silver leaching with ammonium thiocyanate

A B Cc D E
TH O Cwe®  wtEm womop/%  mmc  wmw %
1 5 2.0 5 25 1:1 43.0
2 5 3.5 7 30 1:2 37.7
3 5 5 9 35 1:3 49.1
4 5 6.5 11 40 1:4 39.1
8 2.0 7 35 1:4 47.3
6 3.5 5 40 1:3 60.9
7 5 11 25 1:2 65.0
8 8 6.5 9 30 1:1 47.3
9 10 2.0 9 40 1:2 65.0
10 10 3.5 11 35 1:1 441
11 10 5 5 30 1:4 70.3
12 10 6.5 7 25 1:3 79.9
13 15 2.0 11 30 1:3 67.0
14 15 3.5 9 25 1:4 62.4
15 15 5 7 40 1:1 71.0
16 15 6.5 5 35 1:2 45.5
I 168.9 222.3 219.7 250.3 205.4
I 220.5 205.1 235.9 222.3 213.1
m 259.3 255.4 223.8 186.1 260.5
v 245.9 211.8 215.2 235.9 219.1
174 42.2 55.6 54.9 62.6 51.4
/4 55.1 51.3 59 55.6 53.3
M 4 64.8 63.9 56 46.5 65.1
IV/4 61.5 53 53.8 59 54.8
R 22.6 12.6 5.2 16.1 13.7
FEWRIAF R,>R,>R; >R; >R,
AT 4, 5, c, D, £
A Ao ,B,Co D E,
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Fig.1 Effect of ammonium silver amount on

leaching rate
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Fig.2 Effect of leaching time on silver

leaching rate
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Fig.3 Dosage of manganese bioxide on silver
leaching rate
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Fig.4 Effect of leaching reaction temperature
on silver leaching rate
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Fig.5 Effect of leaching liquid to solid ratio

on silver leaching rate

2.6 pH{EXRRHEHZM

FERRPUEWRE pH HEEEZ R I
R 5 2. 1 £ 2.5 B, WATAR pH H,
TSR AER R e 45 R K 6. 18 6 KB, 3R IR
VA TF AR B, A LB i pH=1.5 ~2 1
W BHAT IR AR .
2.7 TERARBREREZHKE

N T RBRBRN L L 5&M, KR &
JBOKR 1000 4%, 47 = YFA7 1A%, A 8] R T
258 [NHSCN] =95 kg/t, [ MnO,] =
6.8 kg/t . T=298.15 K.t =4.5 h JiE . =2.5: 1,
pH =2, m,, =79. 1% . LR T 240, K3
BTG 5 TRAAT 0O TR, 53, =
82.2% . 1 IREARME{5 IR 4R 120.47 g, AR
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Fig.6 Effect of pH value of leaching solution

2
E 6

on silver leaching rate

HEAHN 79. 1% 52 WRARMITS YR ¥ 1424, 25 ¢, 4R
MR 2 76.2% , RiHR 1134 95. 0% .

2.8 REZHINZFAEHAR

2.8.1 REZBEHHL  TE_RGERPHK
Vo R AR SR B B AR LR R AN 7. AR I
7 A RAK A R IR R T AR A R R,
RN 3. LA FERYK BE (9 530 B E St A A , A
PR AR B SO E Lgr AR RARAE L, SR L
K8, fil& 8 AISRAFZELHIFA N 0.502 1. Kk

~ 0147
S o2t
Z oot
Bl 0.08 F
= 0.06
o004 b
m 0.02g

0
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IEaAingi
1 [ NH,SCN]/ BWRRHEEYS R
(mol/L) EYEIEE S

v 0.055 y=0.0170xz + 0.0015 0.9998
[ ] 0.076 y=0.0200x¢+0.0011 0.9995
A 0.105 y=0.0227 x¢t + 0.0007 0.999 1
* 0.132 y=0.026 0xt +0.0004 0.9997
® 0.158 y=0.0292x¢ + 0.0014 0.9998

B7 AFNHSCNRETRORHRS
R HEX R
Fig.7 Relationship between silver leaching rate and

reaction time under the different NH,SCN concentration

TR R AR LR BOE Ly 0. 5. 3
Zh I ITREN
r= —degy/dt = hefondy. =k'egey (1)
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Table 3 Relationship between the concentration of

ammonium thiocyanate and silver dissolution rate

[ NH,SCN]/ —log
—logR
(mol/L) [ NH,SCN]
0.055 0.017 0 1.260 1.770
0.076 0.0200 1.119 1.699
0.100 0.0227 1. 000 1. 644
0.130 0.026 0 0.886 1.585
0. 160 0.029 2 0.796 1.535
2.8.2 REBREMNRZAKREGHYA JERNRI !

BESHRAERERCRINAE 8 i, RET &, 5
ISR B R, HARE. K 8 iTRIRINE
AFHRE TR AR ER, SRR 4. R4 P
AR T 2 BE PR B B B AR A, ARV fi R
H S XTER Inr 1R 0N ARBRAE I 15 2RI g d R Y
T Inr 5 S7ARBE MBI SR, anE 9.
A R AR 7 R R B R e 5 B o B
S, FEXE T RE R R B 2 -

Inr =InA —E_/RT +0. Slncgey - (2)
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Fig.8 Relationship of dissolved Ag between

2

different temperatures and time
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Table 4 Dissolution rate of silver at different reaction temperatures

B/ C 20 25 30 35 40
SRR/ (pmol - mL™" - h™')  0.0043 0.004 7 0.005 1 0.005 5 0.006 0
/T(K™) x10° 3.4112 3.3540 3.299 3.2452 3.193 4
—~Inr 5.449 1 5.360 2 5.278 52 5.203 0 5.116 0
K9 IRREN E,/R =1.512 3 IFSET -InA - A =1.883 , i FER & 12 48 1M [ vy 2 4 4 -
alncgy- = —0.290 1, WTEILEEE, =12.574 kJ - mol®,  k=1.883 ™.
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On dynamics of leaching silver by ammonium thiocyante
in treated sludge from nonferrous metal smelting waste water

YAN Mao-qun ,CHEN Yun ,LI Wen-jie GUAN Hong-liang ,LI Qing-xin ,YU Xun-min
(School of Environment and Civil Engineering, Wuhan Institute of Technology, Wuhan 430074 ,China)

Abstract: The experiment was carried out for leaching silver by using ammonium thiocyante as leaching agent,
and the effect of leaching agent concentration, reaction time, temperature, the dosage of oxidant and liquid-to-
solid ratio on leaching efficiency was discussed. The optimal technique route and parameter was proposed. The
orthogonal test, single factor optimized test and magnification test showed that when ammonium thiocyante was
95 kg/t, the dosage of manganese dioxide was 6.8 kg/t, leaching temperature was 25 C , liquid-to-solid ratio
was 2.5:1 and pH was 2, the total rate of silver leaching by twice was up to 95% . The dynamics mechanism of
silver leaching was also investigated, and it was found that the leaching reaction order of ammonium thiocyante
was 0.5, activation energy was 12.574 kJ - mol ', the reaction rate constant was k = 1. 883 e """,

Key words: smelting waste water; sludge; silver; leaching; ammonium thiocyanate; dynamics
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