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Recovery of copper and nickel from electroplating sludge by
cyclone electrowinning

GUO Xue-yi, SHI Wen-tang, LI Dong, TIAN Qing-hua

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The copper and nickel from electroplating sludge were selectively recovered by cyclone electrowinning
technology, and the electrowinning behaviors of Cu?*, Ni** and other metal ions in the process were investigated. The
results indicate that the electrolytic copper is electrodeposited from a leaching solution with high impurities and low
copper content by cyclone electrowinning and meets the requirements of the standard GB/T467—1997, and more than
99% copper is recovered. After the removal of chromium, the liquor with low nickel content is applied to nickel cyclone
electrowinning, and the product meets the requirements of the standard GB/T6516—1997 (Ni9990), and more than 93%
nickel is recovered. Compared to the traditional electrowinning, the cyclone electrowinning shows the advantages of high
selectivity of metals, high current efficiency and high purity of electrolytic product.
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Fig.1 Principle of traditional electrowinning!'”

12 mERAEREAR

T AR B AR JE T 4% < 10 1 BB AT HY LA 10
Z5, WP R R E Sk R Il e S mE
TH B, W RAEGE R SR S TAE AL
Sebri, FEOHHE R I e AT BRI ZE AL S v
IR R, Rk H AR e it LT AR 2
npe 2 frostT. GG BRI, e AR
A DAAE AR e B 7 I IR ) 22 < v i AT ik
TR IF AT e G ™ o

T v AR B ] 3 TR R SR T
TERT AR E N AR, AERS R Py sl Bk
S TR, BIASCR T PEERR SR T B, 2R
e b AT AR A Sl T ) O i I

/'\

( Cathode(—)

\"\n—

\"-u__

—

2 e B AE i SRl

Fig.2 Principle of cyclone electrowinning
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Table 1 Content of main metals in electroplating sludge

(mass fraction, %)

Ni Cu Cr Fe Al Ca Mg

12.74 6.9 1451  0.23 1.44 3.34 1.23
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Fig.4  Flowsheet of copper and nickel recovery from

electroplating sludge
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Table 2 Concentration of metals in sulfuric acid leach of
electroplating sludge (g/L)
NiZt Ccu? ot Fe** INES ¥t M g2+
14.14  7.54 1555 0.12 1.50 1.16 1.66
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Fig.5 Photo of cyclone electrowinning apparatus
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Table 3 Standard potential of some metals

Metal Cu*/Cu  Ni¥*/Ni  Fe*/Fe  Cr¥'/Cr
A% 0.35 -0.25 -0.41 —-0.41
Metal — Fe*'/Fe*  APY/Al  Mg*' /Mg  Ca®/Ca
PNAY% 0.77 -1.67 -2.34 -2.87
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Fig.6 Change of concentration of Cu®*, Ni*" and Cr’* with

time in copper electrowinning
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Fig.7 Change of concentration of Fe"", AI’*, Ca®" and Mg**

with time in copper electrowinning
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Fig.8 Change of current efficiency with time in copper

electrowinning
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Table 4 Composition of copper obtained by electrowinning (mass fraction, %)

Sample As Sb Bi Fe Sn Ni Zn S P CutAg
Copper obtained
by CE 0.000 89 0.000 36 0.00030 0.00097 0.000 56 0.000 65 0.00095 0.00098 0.0025 0.00010 =99.95
y
Copper obtained
by TE 0.00098 0.001 0.0005 0.230 0.0010 0.0011 0.0385 0.0127 0.0101 0.0012 98.89
Yy
Cu—CATH-2 0.0015 0.0015 0.0006 0.0025 0.002 0.001 0.002 0.002 0.0025 0.001 =99.95
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Table 5 Metal concentration in copper liquor after cyclone

electrowinning (g/L)

Nt o ot R AP catt oM™
1423 0001 1548 0.1 147 115 168

Fx6 KBBEWTEEEE TR
Table 6 Metal concentration in liquor after chromium

removal (g/L)

Ni* cu® Fe ot AB+ Ca?t Mg™
12.38  0.0005 0.0003 0.002 0.003 0.68  0.59
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Fig.9 Change of Ni*'concentration and current efficiency

with time in nickel electrowinning
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Table 7  Composition of nickel obtained by cyclone

electrowinning (mass fraction, %)

Sample Co C Si P S Fe
Ni-CE  0.0002 0.0008 0.001 0.0002 0.0008 0.005
Ni9990 0.03 0.001 0.002 0.001 0.001 0.02

Sample Cu Zn As Cd Sn
Ni-CE  0.001  0.0019 0.0007 0.00024 0.000 15
Ni9990  0.02 0.002 0.001  0.0008 0.0008
Sample Sb Pb Bi Mg Ni+Co
Ni-CE  0.000 13 0.0006 0.0002 0.0005  99.95
Ni9990 0.0008 0.001 0.0008 0.002 =999
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