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Abstract; The forms of copper cyanide species and the data of deposition and oxidation potentials
in high-copper and high-cyanide wastewater were determined by thermodynamic calculation and
laboratory experiments. The results confirm that copper cyanide species exist mainly as
Cu(CN); and Cu(CN);, where the former is dominant. The form of copper cyanide is
significantly affected by temperature and pH. With suitable electrode materials, copper could be
recovered and the decomposition of cyanide could be prevented effectively in the electrodeposition
process. The maximum current efficiency exceeded 36% , and the concentration of free cyanide
increased from 0. 096 mol/L to 0.316 mol/L. The feasibility of treating high-copper and high-
cyanide wastewater by electrodeposition is proved by the present experiments.

Key words: electrodeposition; copper-cyanide wastewater; copper and cyanide recovery; gold
mine ; thermodynamics
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Table 1 Stability constants of copper cyanide
complex ions at different temperatures

HEE/T 25 40 50 60
log K, 5.3 4.91 4.67 4. 45
log K, 1.5 1. 11 0. 86 0. 64
log K, -9.21 -8.84 -8.60 -8.41
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Fig. 1 Complex forms of copper cyanide at
different pH value
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Table 2 Current efficiency and solution
compositions after electrodeposition
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Fig. 3 Photographs of deposited product
on cathode

304 ik

1) FER i S AL 2R AE T T 0



PR . R IAR EDAAL R 4R Fe AL 69 B R 85

BEGETWAEIE A LZEN Cu(CN);~
Cu(CN);™ ;78 pH > 10. 5 [yl [ N, ¥ 1 4 0
s A8 2Bl pH (B 28 {6 A K, Bl pH B % I
Cu(CN), " M EERE A T FEAEAS = F Cu(CN);™ 1)
VR 5 TR R B TR S B Bl 1Y)
ThE, Cu(CN) 3™ Bl EZ A ETE .

2) 33V Al E A AT AT R A A Y
HLR ARV T2 5500 T, B B nT DR SE & 4
B TCRR T BH AR AR S8R Nk 3 5 B F TR IE:
T AAERE ERATAT.

3) KA Ti/IrO, - Ta, 05 FHAR 717 H I 1

Je VA TR R A A 30 A sk TR, Ak B s YR R A
Emﬁﬁ?3yhﬁﬁﬁ%%ﬁWE%ﬁh%,
VAT T A B SE AR A5 204 5 i

SE

[1] Dai X W,Simons A, Breuer P. A review of copper cyanide
recovery technologies for the cyanidation of copper
containing gold ores [ J ]. Minerals Engineering, 2012, 25
(1):1-13.

(2] "W, U, SEAN, S5 A - BRAL TR DA i 1w U TR
sl LT ] A (48 ,2000,52(3) 161 - 65.

(Hu Hu-sheng, Yang Ming-de, Dang Jie, et al. Recovery of
Cu,Zn and cyanide from strong copper cyanide solutions by

electrowinning-partial acidzing[ J]. Nonferrous Metals 2000 ,

52(3):61 -65.)

[3] Dutra AJB,Rocha G P,Pombo F R. Copper recovery and
cyanide oxidation by electrowinning from a spent copper-
cyanide electroplating electrolyte [ J]. Journal of Hazardous
Materials 2008 ,152(2) 648 —655.

[4] LemosF A, Sobral L G S, Dutra A J B. Copper
electrowinning from gold plant waste streams [ J]. Minerals
Engineering ,2006,19(5) ;388 —398.

[5] LulJ M,Dreisinger D B,Cooper W C. Copper electrowinning
from dilute cyanide solution in a membrane cell using graphite
felt[ J]. Hydrometallurgy ,2002,64(1) ;1 - 11.

[6] Lul M,Dreisinger D B, Cooper W C. Thermodynamics of
the aqueous copper-cyanide system [ J ]. Hydrometallurgy,
2002,66(1/2/3) :23 -36.

(7] EPRE, R, AR, 326 FURK P ITRR )
FHr T R F9Y,1999,12(3) <18 -21.

( Wang Qing-sheng, Huang Bing-he, Li Han-dong.

Thermodynamic analysis of electrowinning copper from
treating effluent containing cyanide solution[ J]. Research of
Environmental Sciences,1999,12(3) :18 -21.)

[8] Wang B X,Lan X Z,Song Y H,et al. Copper electrowinning
from gold plant cyanide-containing solution [ J |. Materials
Research 2009 ,610/611/612/613 ;41 —47.

[9] LulJM,Dreisinger D B, Cooper W C. Anodic oxidation of
copper cyanide on graphite anodes in alkaline solution[J].
Journal of Applied Electrochemistry,2002,32(10) ;1119 -
1129.

[10] Cheng S C, Gattrell M, Guena T, et al. The electrochemical
oxidation of alkaline copper cyanide solutions [ J ].
Electrochimica Acta 2002 ,47(20) ;3245 -3256.

Y0000 000000000000 0000000 000000000 00000000000

(k3% 80 )

[ Fe,0,,Fe,0, ,Fe,C,Fe, Mg, Ti,O, 1 TiO, ;
1300 CH, 3B BP9t 1 B Fe, VO, 51 350 CHY,
&5y B (Fe, Cr) A1 Ti; Os.

SE Wk
(1] dei. BLEkRERRD FHEE ISR [)]. 9Bk HLEK 2007,
28(3):37 -41.

( Xue Xun. Research on direct reduction of vanadic
titanomagnetite[ J ]. Iron Steel Vanadium Titanium 2007 ,28
(3):37 -41.)

[2] HRz. WAL TR R [T]. Wk
£k 2009,30(3) :89 —92.

( Gou Shu-yun. Discussing on increasing the utilization rate of
titanium in Panzhihua mineral resources [ J . Iron Steel
Vanadium Titanium ,2009 ,30(3) :89 -92.)

[3] QiuG Z,Jiang T,Xu J C,et al. Direct reduction of cold-
bonded pellets [ M ]. Changsha: Central South University
Press,2001.

[4] Donskoi E,Olivares R I,Mcelwain D L S, et al. Experimental
study of coal based direct reduction in iron ore/coal
composite pellets in a one layer bed under nonisothermal,
asymmetric heating[ J]. Ironmaking and Steelmaking ,2006 ,
33(1) .24 -28.

[5] Fruehan R J. The rate of reduction of iron oxides by carbon
[J]. Metallurgical and Materials Transactions B, 1977, 8
(1):279 -286.

(6] sk, K3 AR 55, DL B B BLARRE k™ i) 4% S Tk 3R

FILT]. ZRAE R 274 B AR FH iR, 2013,34 (4) - 545 -
550.

( Tang Jue,Zhang Yong,Chu Man-sheng, et al. Preparation of
oxidized pellets with high chromium vanadium-titanium
magnetite [ J |. Journal of Northeastern University: Natural
Science 2013 ,34(4) ;545 —550. )

[7] Miura K,Hahsimoto K, Silveston P L. Factors affecting the
reactivity of coal chars during gasification, and indices
representing reactivity [J]. Fuel ,1989,68 (11) :1461 - 1475.

[ 8] Bontinck W. The hydrolysis of solid CaF, [ J]. Physica,
1958,24(8) :650 —658.

[9] Pownceby M I, Fisher-White M J. Phase equilibria in the
system Fe, O;-MgO-TiO, and FeO-MgO-TiO, between 1 173
and 1 473 K, and Fe?* -Mg mixing properties of ilmenite,
ferrous-pseudobrookite and ulvspinel solid solutions [ J].
Contributions to Mineralogy and Petrology, 1999, 135 (2/
3).198 -211.

[10] e, Wifg %, 4 3, 55. FeO M1 V,05 S N AL 3 (1 #F 5%
[J]. %ﬂ%&%ﬂ’%}(low,ﬂ (1):5-10.

(Xie Bing,Cao Hai-lian,Guan Ting,et al. Study on reaction
mechanism of FeO and V,Os [ J]. Iron Steel Vanadium
Titanium ,2010,31(1) ;5 -10.)

[11] 2R, BRI 3508 5 Y RE il X s A $ R BFFE [ D]
Kb g A, 2010,

(Li Jian-cheng. Fundamentals and intensifying techniques of
solid-state reduction of chromite ores [ D]. Changsha; Central
South University ,2010. )

[12] Zhang Y, Li Z, Qi T. Green manufacturing process of
chromium compounds [ J]. Environmental Process,2005 ,24
(1) :44 -50.



