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2Au+3ClL—>2AuCh
AuCl; + HCl— HAuCl,
Pt+2Cl,—»PtCl,

PtCL+2HCI->H,PtCl6
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14. Nogucht et al. (1989) ; “Behaviour of anode impurities in copper electrorefining. Effect of Cu, As, Sb,
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Alkaline pressure leaching

Anode slimes
Aqua regia
Aqueous solution
Autoclave
Catalyst

Caustic solution
Cementation
Clarification
Concentration
Corrosion

Decopperised slimes

Discharge gases
Dissolution
Electrowinning
Extraction

Flux

Gold
Hydrometallurgy
Leaching

Liquid phase
Liquor

Medium
Modifier
Neutralise
Organic solution
Parting

Precious metals
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Precipitation
Pregnant solution
Pressure leaching
Purification
Pyrometallurgy
Reaction
Recovery

Recycle
Reduction
Refinery

Removal

Residue
Roasting
Scrubbing
Selective precipitation
Sitver

Slag

Slime

Sturry
Solvent extraction
Stripping
Treatment
Valuable metals

Waste
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Autoclave
Reduction
Extraction

Solvent extraction
Electrowinning
Dissolution

Waste

Recovery

Recycle

Refinery

Residue

Roasting

Modifier
Aqua regia
Parting

Removal

Pressure leaching
Purification
Neutralise
Corrosion
Selective precipitation
Cementation
Precipitation
Clarification

Slag

Stripping
Scrubbing

Gold
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Treatment
Concentration
Liquid phase
Leaching
Precious metals
Valuable metals
Catalyst

Flux

Discharge gases

Slurry

Alkaline pressure leaching

Slime

Anode slimes
Decopperised slimes
Liquor
Pyrometallurgy
Medium

Aqueous solution
Organic solution
Pregnant solution
Caustic solution
Reaction

Silver

Hydrometallurgy
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TestNo. | Acidity(M) | Time(min) Re(80C) Re(20C) | Re(100C)
1 2 20 96.03 99.71 9.8
2 2 40 96.48 99.78 99.81
3 2 60 99.36 998 99.82

100*= ~= j
m ’o
X - p.d=20gr/l
o -
.- r.p.m=800
3 97 + _- -
x°
= ! _ ___..-- - - - - Re(80C)
o | —%— Re(s0C)
Re(100C)
2 40 0
Time(min)
e O3 Ja g g 0 Gl SNV )Jsa

Test No. | AcidityM) | Time(min) Re(80C) Re(%0C) | Re(100C)
1 2 20 §.43 817 98.1
2 2 40 14.7 97.54 98.2
3 2 60 288 98 98.3

1 100 pg
got—— -
eo 1
70 1 p.d=20gr
0 800
' 50 | rp.m=
h -]
3 4014
s 20 - 4A- - Re(80C)
| __--® | —a— Resic)
2 a-"" i —&— Re(100C)
104-’_.-—-‘-’-
0 3= H
20 40 60 .[
: Time{min) '
B G Ak a s Ol S V)
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TestNo. | Acidity [Time(min)] Re(80C) | Re{90C) | Re{100C)
1 s 20 97.8 99.76 99.86
2 s 40 98.65 99.83 99.87
3 ) 60 99.44 99.86 99.89

100
98.5 4 ’I
99 | .- - p.d=20g1/
§ %.5 ‘,-'* r.p.m=800
3 8 -~ )
i 3
97.5 - - 8- - Re(80C)
—3— Re(S0C)
97 —#— Re(100C)
96.5
20 40 80
Thme{min)
e O 0o g3y Ghaj SH(T)S8S

TestNo. | Acidity [Time(min)| T=80 T=90 =100
1 3 20 18.07 96.48 98.2
2 3 40 4522 97.53 88.3

|3 3 [ 92.69 $8 98.4
100 F:—_—_———;:ﬁ
90 ¢
%01 p.d=20gtl
70 4 -
§ 604 -." r.p.m=800
50 4 -~
© 4
s 40 4 P
i “a T
Wy o7 —a&— T=50
20 ' Y . i~ T=100
10
0
20 40 &0
Time({min)
S A G Al Ja g gy » (e (8IS
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TestNo.| Acidity |Time(min)] Re(80C) | Re(90C) | Re{100C)
1 4 20 98.43 99.81 9.9
2 4 40 99.6 99.86 939
3 4 60 99.76 9.9 99.91

100
E—— '—‘_* i
935 ’,l' p.d=20grA
% % :.’ r.p.m=800
. -
3 sl
; ' * = - - Re(30C)
—3— Re(90C)
d —pt—— Re(100C)
975 ,
20 «© 60
Time(min)
ne O O g0 i e S 0)JSE

Test No. | Acidity |Time(min) Re(80C) Re(90C) Re(100C)
1 4 | 20 81.99 98.2 $8.3
2 4 40 91.1 98.3 88.5
3 4 60 93.88 98.5 98.6

100

w L

80 p.d=20g:/1

70 L
% I r.p.m=800
- 50
h -]
2 ol
3 ol - A - Re(B0C)

—&— Re(80C)
2 —at— Re(100C)
10}
0 ‘
20 40 60
Time{in)
VRN FTET S QY
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TestNo.| Time |Acidity(M)] Re(80C) | Re(90C) | Re(100C)
1 20 2 96.03 99.71 9.8
2 20 3 97.8 99.76 89.86
3 20 4 98.43 99.81 99.9

b ———— == .
%9
.d=20gr/I
S | p.d=20g
g - " r.p.m=800
L7 e

‘ ’-

g %Y & - 3¢~ - Re(80C)
—3%— Re(30C)
=f{— Re(100C)

™ +
2 3 4
Acldity{M)
wne 0 Ja g 9u o A B I V)8

Test No. [Time(min) |Acidity(M)] Re(80C) | Re{90C) | Re(100C)
1 20 2 5.43 87.7 98.1
2 2 3 18.07 96.48 88.2
3 20 4 81.99 98.2 88.3

100 = S e

90 -
50 1 4 p.d=20grA
g 70 4 .
: 60 | - r.p.m=800
i
2 .
-— 40 1 "'
i " - - - - Re(80C)
—A— Re(30C)
a7 _A —#— Re(100C)
[ S -7
o ,
2 3 4
Aoidity(M)
o R s Ja g g ¢ dd BB SI(A)JSS
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TestNo.| Time |Acidity(M) Re(80C) Re(S0C) | Re(100C)

1 40 2 96.48 99.78 99.81
2 40 3 98.65 99.83 99.87
3 40 4 98.6 99.86 99.9
100?___———=F=———==
89 1 .d=20gv/l
[P # p.d=20g
98 e

% - r.p.m=800

2 97# -

h - | -

3 - R- - Re(80C)
—3— Re(90C)
== Re(100C)

2 3 4
Acidity(M)
one O34 O g 4 o Sl QEIB N4 ) )85
Test No. |Timeimin) Acidity(M)| Re(80C) | Re(S0C) | Re(100C)
1 40 2 1407 97.54 98.2
2 40 3 45.22 97.63 88.3
3 40 4 91.1 98.3 $8.5

Metal dissolution

100
90 } R
80 | ‘-" p.d=20gr/|
70 } .."
so d ol r.p.m=800
50 | R
A
40 § _
20} _-" - 4- - Re(80C)
- —&— Re(90C)
201.- ——fir— Re(100C)
10
0
2 3 4
Acidity(M)

b AT G a8 Ja ey e el SR I(Y YOS
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TestNo.| Time |Acidity(M)) Re(80C) | Re{90C) | Re{100C)
1 60 2 98.36 99.8 99.82
2 60 3 98.44 99.86 89.89
3 60 4 99.76 99.9 99.91

p.d=20grA
% r.p.m=800
ot
i - - - Re(80C)
—3%— Re(30C)
vl Ro(100C)
] 4
2 3 4
Acidity(M)
e Odd g g 4y 0 aped GBIV V)RS

Test No. |Time{min) Acidity(M)| Re(80C) | Re{80C) | Re{100C)
1 60 2 28.8 98 88.3
2 60 3 92.69 98 884
3 60 4 93.88 98.5 88.6

100 = -
o0 I ,'.
sc $ ot p.d=20g/|
; 70
5§ 60 - r.p.m=800
i ] -
2 -
3 sl -
i N - A- - Re(80C)
30
' | —A— Re(90C)
Bl | —&— Re(100C)
10}
0 T
2 3 4
Acidity(M)
0K A% Ja s w0 Syl GBI (1 1)088
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Test No. | Acidity(M){ Time{min)| Re(80C) Re(90C) | Re{100C)
1 2 20 32.2 49.28 72.06
2 2 40 40.83 2MnM 82.32
3 2 80 60.48 83.72 86.69

%0
80 ¢+
70 p.d=20grlt
§ w
§ L// r.p.m=800
B g
s 4« L. xT
§ 304"’ - - - Re(80C)
2 —X— Re(¥0C)
==3{— Re(100C)
10 }
0 .
n 40 0
Time(win)
pridan 1k g 95 ¢ e S (V7)O8S
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Test No. |Acidity(M)| Time(min)] Re(80C) | Re(80C) | Re{100C)
1 s 20 46.12 79.88 83.17
2 s 40 51.21 81.32 92.13
3 s 60 87.67 88.8 94.86

100
%0 } -
80 —_— p.d=20gr/l
§ f
§ ¢} . * r.p.m=800
50} P X
° -
g ot ~ - - Re(80C)
Sl | —3— Re(80C)
201 e Re(100C)
10}
o r—
20 40 60
Time(min)
prile 3ad Ja .00 a0 Ghaj )3 (V1)J8E
Test No. |Acidity(M) [Time{min)| Re(90C)
1 3 120 94.6
2 3 180 95468
3 3 240 95.67
95.8 l ;
956 .= ] p.d=20gr/l
954 | -8 ’
I r.p.m=800
§ o5.2 T
§ g5 { ,."
‘§ 948 ¢ ,-" - - - Re(80C)
i 4.6 4
YW |
94.2
94
120 180 240
Time{min)
padlen O 2k Ja g9y e Gha) I (V0)084
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TestNo.| Acidity [Time(min)] Re(80C) | Re(90C) | Re{100C)
1 4 20 54.8 94.67 96.23
2 4 40 67.87 93.99 98.34
3 4 60 7747 974 99.11

100 —————
90 -
80 | ) p.d=20gr#
5 70 - e
i €0 X r.p.m=800
50 ?
R}
i 40
P .l - %- - Re(800)
—X— Re(80C)
2 —=3¢— Re(100C)
10
0 '
2 4 6
Time{min)
paien G0 O3 g9y 0 Ohed S8 (V184

TestNo. | Time(min)| Acidity | Re(80C) | Re(S0C) | Re{100C)
1 20 2 322 49.28 72.06
2 20 3 4612 79.85 83.17
3 20 4 54.8 94.57 85.23

100
90
80 p.d=20gr/|
70
§ 60 | _ r.p.m=800
1 i’/ .
50 .- -
° .-A"
I Y91 _--- -
L . # - - #A- - Re(80C)
~—f— Re(90C)
20 —th— Re(100C)
10 -
0 '
2 3 4
Acidity(M)
prla g 35 S (590 g dpd GBI JB(1 V) g8
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Abstract:
The thesis was done for the recovery of gold from Sar-Cheshmeh copper anode slimes
using hydrometallurgical methods.

Copper anode slimes arc made up of those components of the anodes which are not
soluble in the clectrolyte .They contain varying quantitics of precious mectals like
gold,sitver , sclenium and telurium. They are extracted as a by product of copper
production process. Copper anode slimes contain 9.41% selenium, 12.86% copper,
3.35% silver and 0.1%gold

Before leaching process, desliming was achieved by stubcyclone so as to remove some
barite(transported to underflow) and concentrate precious metals that are generally fine-
graind are concentrated in the stubcyclone overflow. Therefore in the leaching stage the

overflow product was leached , and consequently the consumption of chemical materials
was noticeably reduced.

In leaching process of slimes by nitric acid , all three elements: copper,sitver and selenium
were  firstly removed and gold remained in residuc. The effects of acid concentration ,
temprature and time on the extraction of copper,silver and sclenium were investigated
and finally the optimum coriditions were determined (T=90° C, Acidity=3 M, Time=2 hr.)
In such conditions more than 99% of copper, 98% of silver and 94% of selenium was
removed.

To extract gold from slimes, the residue from previous stage was leached by equa regia
(a combination of nitric acid and hydrochloric acid). The effect of acids ratio, temperature
and time were investigated and similar results were obtained. Therefore the optimum
conditions for leaching were obtained (T= 60° C, HC:HNO 3 =1:1, Time=1 hr.).

In order to purify the leach solution containing gold, solvent extraction method using
DNOS as an extractant was used . The results showed that the recovery of gold in a
single stage was obtained %98.43(A/0=10:1). In other words less than 2% of whole gold
remained in the equeous phase. Then the loaded organic phase was stripped by NH . OH

and Na, S 2O, but the obtained results were not favourable,only 3% and 15% of gold

transferred into the equeous phase, respectively.
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Finally purification of leach solutoin containing silver was achieved using DNOS as an
extractant and NH, OH as a strip solution .

The primarily results showed good extraction of sitver by DNOS. The extractoin and
stripping of silver were obtained 99.6% and %62 respectively ;E) obtain complete
recovery more research were required.
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