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+0.80 Ag’+e —>Ag
+1.98 Ag®* + e>Ag+
+0.07 AgBr +e— Ag + Br’
+0.22 AgCl +e— Ag+ CI’
-0.15 AgCl +2 e— Ag +CI”*
-1.68 A% +3e—Al
-0.23 As + 3H"+ 3e— AsH3

+0.24|  As(OH)3 + 3H" + 3e— As + 3H20
+0.56 | AsO(OH)3 + 2H* + 26— As(OH)3 + H20

+1.83 Au® +e—Au

+1.52 AU + 3e>Au

-2.92 Ba?* + 2e—>Ba

-1.97 Be?* + 2e—Be

+1.06 Bry(L) + 2e—2Br*
+1.09 Bry(aq) + 2e—»2Br
+0.76 BrO + H20 + 2e— Br + 20H"

+1.60|  2HBrO + 2H" + 2 e— Br2 + 2H20
+1.48 2BrO” + 12H" + 10e— Br2 + 6H20
+1.85| Bro4?+2H" + 2e — BrOs™ + H20
-0.11 CO2 + 2H" + 2e -»CO + H20
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100.0 | 100.0 | 28.22 | 0.616 | 0.60 | 26.76 | 750.0 F 6280 | 315 axin | +6.0v | TOG8
6.1 694 | 27.80 ] 6.925 | 1.26 | 19.55 | 46.3 C 6281 Eh=+277
93.9 | 306 | 2824 |0.201| 057 | 27.32 | 703.7 | T 6282 pH=7.17
100.0 | 100.0 | 27.65 | 0.582 | 0.63 | 26.66 | 750.0 F 6283 | 3|5 axin | +4.5v | TO69
5.8 724 12722713 | 142 | 19.43 | 443 C 6284 Eh=+276
942 | 276 |27.68|0.171 | 0.60 | 27.05| 705.7 | T 6285 pH=7.54
100.0 | 100.0 | 27.85 | 0.592 | 0.62 | 26.71 | 750.0 F 6286 | 3l 5 axan | +3.0v | TO70
5.6 68.2 | 26.26 | 6.76 1.41 | 19.80 | 44.8 C 6287 Eh=+257
944 | 318 |27.96|0.200 | 0.61 | 2558 | 705.2 | T 6288 pH=7.33
100.0 | 100.0 | 27.77 | 0.583 | 0.63 | 26.80 | 750.0 F 6289 | 315 axin | +1.5v | TO71
5.3 645 |27.92|7.09 | 1.42 | 19.52 | 39.8 C 6290 Eh=+286
947 |55 27.77 | 0.246 | 0.58 | 25.55 | 710.2 | T 6291 pH=7.73
100.0 | 100.0 | 27.66 | 0.581 | 0.66 | 26.83 | 750.0 F6292 | 315 axin | +0.5v | TO72
6.1 76.2 | 2740 | 7.19 | 1.40 | 19.46 | 46.2 C 6293 Eh=+263
93.9 | 238 | 27.67 | 0.147 | 1.42 | 27.24 | 703.8 | T 6294 pH=7.54

S oS kS TSl )5 e b e (Sl COVY=CIL &l a3 JaugilS (5 oY 0= oy SIS -MIBC oy 0 S157= LS -RPMY + + o= 5, jg0-Y e =alras o

0



Otlga 20k 9 oue il Sfla AJA Jadldy 80
100 100

95 00— —
90 - 90
2 85 >
?‘f- 80 - 80 “i
c 75 52
20 L 70 == s 2Lk
65 —— e 2130
60 - 60
55
50 50
0 1 2 3 4 5 6 7

iy Olé 50 Sute ladenily )3 Handse (DLL g (e CuBlojl Y7 JSS
Jonsilis ;0 TO72 5 T0B8 ms o iolejl 5l (g ()0 o Cadlosl oy 90,5 o ala>dlo asili>
2 o2 1) o, 0lesS 5o audse bl b 380 0l 8 SO jo Lol .l solidl 5lasl cdg Lo +YAZ B +YOY
o 23k g 05lS 0 andge (bl & Cenl Gloy mlpd on e Sl alals ol 5l Gl L 28 5 s
O 4z )3 9 g <10 IS 952U 59y g Jlosl Jemily a5 (malpds 5o ISl Jlade Gy ey albly o
25 b 4 ) el e ielefT o e VIFD e o PH 5y e +YPY L ot

oo b G bl ol oy P () - V-Y-F

&b by Jliear (7)ol Jlosl b Gl deily 28 b (ploordy 2S00smlisht aipl 8 s
s p Wlgi oo il asly cuie P el cplp aS elge plod il oo b laome J2lo 0 ol > lade
Bhatils Cate a5 (2 Jemily Jlosl b Qb Jeily J5ST b (aliandy 2SI osemslisld w3
L oloris i Spanlishs AT s aabrio,s 1 (g gl a3lge oy aalrio,s Jlse ol 51 S,
ol @mls (pl sl oads zy0 ¥ IS8 5 F-7 Jgua 0 (215 Jeily Jleel b Qb Joily 58
ol eesle G clloil 2 Jdls (Sa5loih 3 skl as e Gels b oast el ol sains
Ol Gl Lo ,d (S 2SIl Gy 358 po selzaiops S &5 cslinl o ol (ol sl
o5 altes ol ol s e 2815 s il Il 5o delras,s (05 L izan e
3l (o0 Olse (reeb Slnl s>

e silam Ol s audge Dbk 5 e slo SIS clloil pael> woys 36 -7 Jgan

Qe 1oke (059 | Jyame | mowindlon | Jeraily o)led

Cu Mo | Cu | Mo [CuO | Fe Syae | Sl Siales]

a5



100.00 | 100.00 200.0 F 98 gms (9 -1.5v | T0O53
28.51 | 0.616 - 26.62 6236 P.D".=5% Eh=-63

9.39 43.43 175 C pH=11.67
30.60 | 3.057 - 20.42 6237

90.61 | 56.57 182.5 T
28.30 | 0.382 | 0.54 | 26.66 6238

100.00 | 100.00 400.0 F 598 g (9 -1.5v | T054
28.55 | 0.607 | 0.56 | 26.85 6239 P.D.=10% Eh=-64

28.84 | 67.43 121.1 C pH=11.45
27.02 | 1.352 | 0.65 | 24.52 6240

71.16 | 32.57 278.9 T
29.14 |1 0.286 | 0.51 | 27.18 6241

100.00 | 100.00 550.0 F 98 gms (9 -1.5v | TO55
28.47 | 0.598 | 0.58 | 26.86 6242 P.D.=15% Eh=-54

16.15 | 50.27 94.7 C pH=11.75
26.95 | 1.746 | 0.68 | 24.01 6243

83.25 | 49.73 455.3 T
29.11 | 0.359 | 0.52 | 27.62 6244

100.00 | 100.00 750.0 F JrEIORRe -1.5v | T048
27.39 | 0.568 | 0.36 | 26.80 6221 P.D.=20% Eh=-56

24,36 | 72.99 174.2 C pH=11.41
28.70 | 1.785 | 0.53 | 23.25 6222

7554 | 27.01 575.8 T
26.95 | 0.200 | 0.36 | 27.55 6223
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Cu Mo Cu | Mo | CuO | Fe SFrae | Jleel siles]
100.00 | 100.00 750.0 | F 1grNaCl | -1.5v | T056
30.10 | 0.578 | 0.36 | 26.66 6245 Eh=-552
3.22 90.58 29.5 C pH=12.05
24.63 | 13.31 | 0.52 | 16.63 6246
96.78 | 9.42 7205 | T
30.32 | 0.058 | 0.36 | 27.14 6247
100.00 | 100.00 750.0 | F 2grNaCl | -1.5v | T057
30.10 | 0.578 | 0.36 | 26.66 6248 Eh=-500
28.3 C pH=12.05
3.70 86.83 29.50 | 13.30 | 0.53 | 18.16 6249
96.30 | 13.17 7217 | T
30.12 | 0.079 | 0.36 | 27.12 6250
100.00 | 100.00 750.0 | F 3grNaCl | -1.5v | TO58
30.10 | 0.601 | 0.33 | 26.79 6251 Eh=-520
3.83 95.11 32.6 C pH=12.07
26.53 | 13.15| 0.53 | 19.41 6252
96.17 | 4.89 30.26 | 0.031 | 0332673 | 7174 | T
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6253
100.00 | 100.00 | 30.10 | 0.601 | 0.33 | 26.79 | 750.0 | F 4grNaCl | -1.5v | T059
5.24 84.58 54.6 C Eh=-544
21.67 | 6.980 | 0.98 | 18.67 6254 pH=12.21
94.76 | 11.42 6954 | T
27.40 |1 0.074 | 0.50 | 30.81 6255
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Cu | Mo | Cu | Mo |CuO| Fe s 80 e | e
100.0 | 100.0 | 27.09 | 0.585 | 0.58 | 26.39 | 750.0 F 6256 6gr | -3.0v | TO60
7.02 [96.15]21.98| 650 | 0.78 | 20.74 | 64.9 C 6257
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92.98 | 3.85 | 27.57 | 0.025 | 0.44 | 26.59 | 685.1 T 6258 bl K asiia Eh= -452
pH=11.67
100.0 | 100.0 | 27.35 | 0.589 | 0.60 | 26.43 | 750.0 F 6259 6gr | -3.0v | TO61
15.87 | 79.80 | 27.61 | 2.99 | 0.74 | 2542 | 117.9 C 6260 s 4 Dy Eh= -458
84.13 | 20.20 | 27.30 | 0.141 | 0.48 | 26.93 | 632.1 T 6261 pH=11.45
100.0 | 100.0 | 27.37 | 0.574 | 0.53 | 26.60 | 750.0 F 6262 6gr | -3.0v | T062
512 | 78.73 2297 | 7.400| 0.81 | 21.35 | 45.8 C 6263 Jituldaiia Eh=-512
94.88 | 21.27 | 27.66 | 0.130 | 0.45 | 26.64 | 704.2 T 6264 pH=11.75
100.0 | 100.0 | 27.85 | 0.607 | 0.50 | 26.61 | 750.0 F 6265 6gr | -3.0v | TO63
12.70 | 9258 | 23.64 | 3.75| 0.75]23.60 | 1124 C 6266 Jsbes 45 Eh=-572
87.3 | 7.42 |28.60 | 0.203 | 0.45 | 26.77 | 637.6 T 6267 BB pH=11.41
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Cu | Mo | Cu | Mo |CuO | Fe 59 58Ul Slec!
100.0 | 100.0 | 26.67 | 0.623 | 0.52 | 28.12 | 750.0 F 6268 | ()4 ™ | -3.0v | T064
21.21 | 67.63 | 24.84 | 1.850 | 0.58 | 27.19 | 170.8 C 6269 Eh=-55
78.79 | 32.37 | 27.01 | 0.261 | 0.56 | 26.97 | 579.2 T 6270 pH=11.91
100.0 | 100.0 | 26.82 | 0.575 | 0.52 | 27.42 | 750.0 F 6271 | Jiwkada -3.0v | T065
2091 | 7442 | 22.28 | 1.70 | 0.59 | 24.78 | 188.8 C 6272 Eh=-46
79.09 | 25.58 | 27.01 | 0.196 | 0.57 | 26.47 | 561.2 T 6273 pH=11.70
100.0 | 100.0 | 26.53 | 0.584 | 0.54 | 27.29 | 750.0 F 6274 | il S4aia | -3.0v | T066
20.61 | 72.36 | 24.34 | 1.881 | 0.75 | 28.03 | 168.5 C 6275 Eh=-75
7939 | 2364 | 27.32 | 0.178 | 0.56 | 26.07 | 581.5 T 6276 pH=11.75
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R 1oke (055 | Jyame | rae mowisilse | Joniln | plalejlo)les
Cu | Mo | Cu | Mo |CuO | Fe Sles!
100.0 | 100.0 | 28.71 | 0.622 26.78 | 1000.0 | F 6201 deilgs y50s | -6.0V | TO41
26.67 | 65.56 | 31.98 | 1.703 | 0.65 | 24.61 | 239.46 | C 6202 Eh=-115
73.33 | 34.44 | 27.67 | 0.282 | 0.67 | 26.90 | 760.54 | T 6203 pH=12.49
100.0 | 100.0 | 28.24 | 0594 | _ | 26.61 | 1000.0 | F 6204 deilgs 1y | -6.0V | T042
38.30 | 72.09 [ 31.70 | 1.255 | 0.58 | 25.56 | 341.2 | C 6205 Eh=-95
61.70 | 27.91 [ 26.39 | 0.252 | 0.64 | 26.96 | 658.8 | T 6206 pH=12.00
100.0 | 100.0 | 28.57 | 0.601 | _ | 26.59 | 1000.0 | F 6207 12gr | -6.0v | T043
6.27 | 69.66 | 29.57 | 6.93| 0.72 | 21.80 | 60.0 C 6208 Eh=-534
93.73 [ 30.34 [ 28.49 | 0.194 | 0.63 | 27.07 | 940.0 | T 6209 pH=12.19
100.0 [ 100.0 | 28.25 | 0576 | - | 26.79 | 1000.0 | F 6210 4gr | -6.0v | T044
15.09 | 60.44 | 29.10 | 2.321 | 0.67 | 25.55 | 150.0 C 6211 Eh=-327
84.91 | 39.56 | 28.22 | 0.268 | 0.54 | 26.48 | 850.0 | T 6212 pH=11.87
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Abstract

Electrochemical flotation has emerged as a new method that employs electrochemistry in
flotation technologyto increase its efficiency. Electrochemical parameters areapplied to control
the oxidation and reduction reactions in flotation environment, in order to change the surface
characteristics of theselected minerals.In this research,by applying the external potential in
floatation and depression of sulfide minerals, the electrochemical flotation of chalcopyrite and
molibdenite is investigated. The main objective of this research was to maximize the recovery of
molibdenite in the concentrate while maximizing the recovery of copper in the tailings.

By employing thismethod, in the absence of reagents and by controlling oxidation conditions,
73% recovery of molibdenite to concentrate and 76% recovery of copper to tailings was
observed. In the situation the external potential was -1.5 volts, pulp potential was -56 milivolts
and the pulp pH was 11.41. In the presence of sodium sulfide, 65% recovery of molibdenite in
the concentrate and 99% recovery of copper in the tailings was observed. In this case, the
external potential was -3 volts, pulp potential was -57.2 millivolts and the pulp pH was 12.2.
These results showthat by using about 25% of the current plant consumption of sodium sulfide,
the recoverycould be dramatically improved.

In the situations where the pulp potential is positive (reduction conditions), the maximum
depression of chalcopyrite occurs in the pulp potential of 256 to 286milivolts.The best results
were obtained in conditions where the applied potential was +0.5volts,the pulp potential was
+263 milivolts and pH was 7.45.

The effect of pulp density in the electrochemical flotationwas experimentally examined. The
results showed that, by decreasing pulp density, the effect of external potential on the depression
of copper minerals wasincreased. Themain reason is that by decreasing the pulp density,
penetration of electrical current increases.

Among various types of electrodes(such as graphite, stainless steel and platinumelectrodes)the
graphitic electrode wasshowed better results. In the presence of sodium sulphide, the molebdinte
recovery was 96% and copper depression was 93%,with graphitic electrode. Using of rotor and
stator as the working and counter electrodes, the molebdinte recovery was 92.5% and cooper
depression was 87.3%. These results can be considered as a means to scale up the experimental
resultsto industrial application.

Cyclicvoltmeteric potential methods were used in the electrochemical flotation process to
indentify the hydrophilic and hydrophobic mechanisms of minerals surfaces. Considering the
voltgrams, it was observed that the peaks occurred at -0.9, -0.6, +0.6 and +1.4potentials,which
are related to the oxides species absorbed on the electrode surface.The electrodes, in this
case,were made of mineral samples such as chalcopyrite crystal, chalcocite crystal and bulk
samples.

Keywords: Electrochemical flotation, Chalcopyrite, molebdenite, External potential, Pulp
potential control, Depressing mineral
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