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3.1 TEKIGERE AR

Recovery of heavy metals from electroplating sludge and
stainless steel pickle waste liquid by ammonia leaching method

Zhang Y1, Wang Zhi-kuan, Xu Xia, Chen Yong-qi, Qi Tao
Institute of Chemical Metallurgy , Chinese Academy of Sciences,
P. O. Box 353, Bei jing 100080, China

Abstract A coordinative disposal process for treatment of electroplating sludge and stainless steel
pickle waste liquid containing Cu, Ni, Zn, Cr and Fe etc., has been developed to recover valuable
metals and to eliminate pollution. The recovery of Cu, Ni, Zn and Cris 94%, 91%, 90% and 95%,
respectively. The ammonia was recycled by the simplified process of CaQ caustic distillation. The
precipitated product of Cu, Ni and Zn obtained from caustic distillation of ammonia was separated by
extraction or high-pressure hydrogen reduction in an autoclave. The qualified metal salt products
were obtained through extraction. The rich chromium residue from coordinative disposal was subjec-
ted to recover Cr by hydrot hermal oxidation in NaOH medium and Fe; O, was synthesized by wet
methods from the residue produced by extracting Cr. Cr was a stable chemical fixed in Fe, O, and
harmless. The recovery process has been used in a pilot plant with sludge production capacity of
2000t/ a.

Key Words Coordinative disposal; Recovery; Valuable metals; Electroplating sludge; Stainless

steel pickle waste liquid

1. Introduction

Electroplating sludge, containing Cu, Ni, Zn, Cr, Fe, etc., is harmful waste material
produced by galvanization industry. There is still no effective method to recover resource and
control pollution both at home and abroad. The metals discarded by galvanization industry
amount up to 100 thousand tons per annum, which not only pollute environment seriously
but also waste valuable resources. Stainles steel pickle waste liquid 1s another typical heavy
metal pollution source, and difficult to be dealt with.

With the aggravation of resource deficiency and environmental pollution, the new tech-
nology of recovering heavy metals from electroplating sludge has attracted more attention
from industrialized countries since the 1970s. Many processes (Mueller, 1980; Gelimov,
1977) have been developed, but there is no comprehensive method for recovering valuable

metals from the electroplating sludge. The ammonia leaching method for treatment of heavy

metal sludge was developed by Baffele-Columbus LLaboratory of American State Environmen-
tal Protection Agency (Lallowell, 1977). In this process, Cr was not well separated and

recovery of Cu and Ni was low. Am-MAR process for the treatment of electroplating sludge



developed by the Chalmers University of Technology, Sweden (Andersson, 1979) had com-
pleted the industrial experiment. The recovery rate of Cu, Ni and Zn is 80%, 70% and 70 %
respectively. German Patent 2726783 (Reinhardt, 1979) reported the similar ammonia leac-
hing method, the recovering rate of Cu, Ni and Zn is 83% , 45% and 73% respectively. But
it has not been put into industrial application. So far there are no available comprehensive
methods for recovering valuable metals from electroplating sludge and st ainless steel pickle
waste liquid.

This paper focuses on the research of a new coordinative disposal process and auxiliary

technology for recovery of valuable metals from electroplating sludge and stainless steel

pickle waste liquid.

2. Process diagram

The process diagram for recovery of heavy metals from electroplating sludge and stain-

less steel pickling waste liquor 1s shown in Fig. 1.

Stainless steel pickle Electroplating

waste liquor s[udge

Waste acid decomposition of
electroplating sludge

— ] M

: NaOH i
Ammonia complex | g i
Air | omdlfatlon \ NH,

Filtration Pressure leaching _|
Fe-Cr ‘

Na,CrO,

Caustic distillation residue
CaO of ammonia _J Fe2+ Fe,0,
l synthesis

Dissolution |

‘ Solvent extraction ‘

NiSO,-6H,0,NiS0,*6H,0
CuSO,+5H,0

H,S0,

Fe,O,

Fig. 1 Process diagram for recovery of heavy metals from electroplating sludge

and stainless steel pickling waste liquid

The chemical composition of the electroplating sludge and stainless steel pickling waste
liquid tested is listed in Table 1.

The process diagram given in Fig.1 consists of five principal operation steps:
(1) Waste acid decomposition of electroplating sludge; (2) ammonia complex
transformation and ferrite synthesis method to separate Cr-Fe; (3) recycle use of ammonia;

(4) separation of Cu-Ni-Zn; (5) recovery of chromium by liquid phase oxidization method
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and synthesize Fe; Q4 by wet method.

Table 1 Chemical composition of tested electroplating sludge and stainless

steel pickling waste liquid

Sample Ni Cu Zn Cr Fe SOT~
Electroplating sludge, % 4.0 3. 3. 0 6. 0 13../0
Stainless steel pickling waste liquor,g/LL 7. 8 3. 0 3. 0 14. 6 25. 0 383

3. Process results

3.1 Waste acid decomposition of electroplating sludge

Free acid in stainless pickling waste liquid reacted equivalently with liquid Cu, Ni, Zn,

Cr, Fe(ll ) and Fe(lll ) metal oxides in electroplating sludge at normal room temperature,

the ratio of waste liquid to waste sludge was 4 ¢ 1 and made them enter solution;

Me(OH), +n/2H:SO4y —> Me(SO4),./2 +nH20 (1)
The leaching yield of Ni, Cu, Zn and Cr was 99 %, 98 %, 98 % and 99 %, respective-
ly. Under acid condition, polyacrylamide was decomposed. PAA and acid inert impurity

which were disadvantageous in the later separation process were filtered.

nPAA+mH:S0,+nH; 0 —> (PAA), (SO4),» +nNH;, (2)

3.2 Ammonia complex transformation and ferrite synthesis method to separate Cr-Fe from Cu-

Ni-Zn acid solution

Because of serious absorption and coprecipitation, it is difficult to completely separate
Cr-Fe by adopting the conventional precipitation method. With ammonia complex transfor-
mation and ferrite synthesis method, Cu-Ni-Zn-Cr-Fe acid system was rapidly changed into
NH3;-(NH4)2S0, system by adding ammonia under weak oxidation condition. Cu, Ni and
Zn were transfered into ammonia complex by undergoing interim activated hydroxide and be-
came stable in liquid phase. Simultaneously the system produced CrO (OH) (inactivated
state) and Fe3z(4 precipitation which could be effectively separated with Cu-Ni-Zn. The

complex reactions are as follows:

Cu(OH)s+2NH3+ (NH4)2SO;s —> Cu(NH3)4"SO%™ +2H; 0 (3)
Ni(OH)2+4NH3 4+ (NH;)2SO; — Ni(NH3);" SO +2H:0 (4)
Zn(OH),+2NH;+(NH;)2SO, —> Zn(NH3)4" SO2™ +2H,0 (5)

The probability of complex is ranked at Cu?™ >Zn?" >Ni?T >Cr?" >Fe?t >Mn?",

Ammonia complex transformation was completed with the concentration of 2. 5mol/L
NHj; and 1. 75mol/LL. (NH,;);S0O, at oxide partial pressure of 0. 03mPa and room tempera-
ture. The recovery yield of Ni, Cu and Zn is 98%, 99% and 99% respectively.

The behavior of Cr (lll ) was fairly complicated. In ammonia medium the active

Cr(OH); reached at weak complex equilibrium. But the transfer of active Cr (OH)3; were



