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Introduction 

 

The high demand for critical metals like copper (Cu), zinc 

(Zn), nickel (Ni), and cobalt (Co) is projected to increase 

in the future because of their importance in electronics 

and computers, aviation and transportation, electric and 

hybrid vehicles, and clean/renewal energies.  To keep up 

with the demand, mineral processing strategies for 

promising but difficult to process ores should be 

developed.  Seafloor massive sulfide (SMS) deposits, also 

referred to as submarine hydrothermal polymetallic 

sulfide deposits, have gained increasing attention as new 

metal resources because they consist of polymetallic 

sulfide including Cu, Pb, Zn, Au, Ag, etc.  The obtained 

SMS sample contains CuFeS2, ZnS, FeS2, SiO2, and 

BaSO4 in addition to PbS and PbSO4 as Pb minerals.  Not 

only these minerals but soluble compounds releasing Cu2+, 

Zn2+, Pb2+, and Fe2+/3+ are also contained.  Cu-Pb-Zn 

sulfide minerals are generally processed via two flotation 

stages whereby Cu- and Pb-sulfide minerals are first 

recovered, followed by floating Zn-sulfide minerals. 

 However, in the presence of anglesite, it is readily 

dissolved and releases Pb2+ that activates sphalerite via the 

formation of PbS-like compounds on sphalerite surface as 

explained in Eq. (1). 

ZnS(s) + Pb2+ = PbS(s) + Zn2+                      (1) 

 Activation of sphalerite by Pb2+ increases the 

sphalerite floatability because PbS-like compound has a 

higher affinity with xanthate than sphalerite, and 

sphalerite is recovered together with chalcopyrite as froth.  

To improve their separation efficiency in the presence of 

anglesite, depression of lead-activated sphalerite is 

necessary.  Thus the objectives of this study are (1) to 

elucidate the effects of pyrite on the floatability of lead-

activated sphalerite, and (2) to propose the flotation 

procedure of SMS ores which could achieve the 

separation chalcopyrite and sphalerite by suppressing the 

floatability of lead-activated sphalerite. 

 

 

 

Depression of lead-activated sphalerite by 
pyrite via galvanic interactions 

 

Generally, Cu-Pb-Zn sulfides contain not only valuable 

minerals (e.g., chalcopyrite, galena, and sphalerite) but 

also gangue minerals (e.g., pyrite, quartz, barite, etc.).  

Co-existing gangue iron sulfide minerals like pyrite are 

known to strongly affect the floatability of target minerals 

due to their electrochemical interactions with each other.  

Thus, effects of pyrite on the floatability of lead-activated 

sphalerite were studied using model samples composed 

mineral specimens. 

 Pyrite significantly depressed the floatability of 

sphalerite in the presence of Pb2+ in mixed sphalerite-

pyrite flotation.  Moreover, pyrite depressed lead-

activated sphalerite with absorbed KAX (collector) which 

should have floated in the absence of pyrite (Fig. 1c). This 

suggests that PbS-like compounds formed on sphalerite 

surface via lead activation was dissolved and xanthate 

adsorbed on these compounds was desorbed, resulting in 

the lower floatability of lead-activated sphalerite in the 

presence of pyrite. 

Figure 1. Zn recovery in mixed sphalerite-pyrite flotation 

by changing when pyrite was added. 

Note that the cases A–C are denoted as follows: 

A) pyrite was added before lead activation of sphalerite 

and KAX addition, B) pyrite was added after lead 

activation of sphalerite, and C) pyrite was added after lead 

activation and KAX addition. 

 

 To evaluate this mechanism in more detail, the 

changes in contact angle of galena treated in a KAX 

solution with and without electrical connection to pyrite as 

well as the extent of PbS (galena) dissolution with varying 

amounts of pyrite were investigated. The results of contact 

angle measurements and PbS dissolution showed that 

pyrite enhanced the dissolution of PbS and caused the 

 



formation of Pb(OH)2 resulting in depression of lead-

activated sphalerite.  

 Finally, it was concluded that pyrite depressed the 

floatability of sphalerite even in the presence of Pb2+ and 

collector (KAX) because of its galvanic interactions with 

the PbS-like compounds on the surface of lead-activated 

sphalerite.  This depression mechanism occurred directly 

via the enhanced dissolution of PbS-like compounds on 

sphalerite with adsorbed xanthate, and indirectly due to 

the precipitation of Pb(OH)2, a well-known hydrophilic 

phase, on sphalerite (Fig. 2). 

 

 
Figure 2. A schematic diagram of the proposed 

depression mechanism of lead-activated sphalerite 

floatability by pyrite. 

 

 

Combination of surface cleaning and deactivation of 

lead-activated sphalerite to improve the separation 

efficiency of chalcopyrite and sphalerite 

 

The SMS ores obtained from around Japan contains 

anglesite as the main lead mineral.  In the presence of 

anglesite, the floatability of sphalerite would increase due 

to lead activation by Pb2+ dissolved from anglesite and the 

separation of chalcopyrite and sphalerite becomes difficult.  

To propose the flotation procedure of SMS ores which 

could achieve the separation chalcopyrite and sphalerite 

by suppressing the floatability of lead-activated sphalerite, 

effects of surface washing and zinc sulfate on the 

separation of chalcopyrite and sphalerite were studied 

using the SMS ore sample (real sample). 

 Surface washing pretreatment using HNO3 or ethylene 

diamine tetra acetic acid (EDTA) was applied prior to 

flotation to remove anglesite which affects the separation 

of chalcopyrite and sphalerite by lead activation of 

sphalerite (Fig. 3).  Comparing the results of untreated 

sample (Fig. 3a) and the one treated by acid washing 

using HNO3 (Fig. 3b), the flotation behaviors of all 

minerals were almost identical, which indicated that acid 

washing is inefficient to separate chalcopyrite and 

sphalerite.  After surface washing with EDTA which has 

the ability to form stable complexes with metal ions 

dissolved from anglesite and other oxidation products, 

chalcopyrite was floated first followed by sphalerite (Fig. 

3c).  Moreover, the recovery of Pb minerals was high  

compared to the other two cases.  This increase in the 

floatability of Pb minerals is due most likely to the 

dissolution of most of anglesite after EDTA washing.  Not 

only Pb minerals, but also the recovery of chalcopyrite at 

20 g/t KAX increased from 24% to 81% after EDTA 

washing (Fig. 3a and Fig. 3c).  This may be achieved by 

the removal of oxidation products present on the surface 

of chalcopyrite by EDTA. 

 

 
Figure 3. Flotation results; (a) without surface cleaning, 

(b) with acid washing, and (c) with EDTA washing. 

Note that the recovery of all minerals at 0 and 20 g/t of 

collector in Fig. 4 5b were assumed to be zero due to the 

lack of froth amounts for the XRF analysis. 

 

 Due to the increase in the floatability of chalcopyrite, 

the separation efficiency of chalcopyrite and sphalerite 

was improved; however, the depressive effect of EDTA 

washing on the floatability of sphalerite was limited. As 

shown in Fig. 3c, Zn was recovered as froth together with 

Pb, suggesting that sphalerite may be activated by Pb2+ 

forming PbS-like compounds on the surface of sphalerite.  

To further improve the separation efficiency of 

chalcopyrite and sphalerite, the depression of lead-

activated sphalerite by zinc sulfate, a common depressant 

for sphalerite, was investigated. 

 Fig. 4 shows the flotation results of sample A without 

both EDTA washing and the addition of zinc sulfate (a), 

with the addition of zinc sulfate (1000 ppm of Zn2+) (b), 

and with EDTA washing followed by the addition of zinc 

sulfate (1000 ppm of Zn2+) (c). As illustrated in Figs. 4a 

and b, the effect of zinc sulfate in depressing the 

floatability of sphalerite was almost negligible; that is, 

sphalerite was recovered as froth together with 

chalcopyrite. 

 

  
Figure. 4. Flotation results of sample A (a) without both 

EDTA washing and the addition of zinc sulfate, (b) with 

the addition of zinc sulfate, and (c) with EDTA washing 

followed by the addition of zinc sulfate. 

Note that the recovery of all minerals at 0 g/t of collector 

in Fig. 4 7b and Fig. 4 7c were assumed to be zero due to 

the lack of froth amounts for the XRF analysis. 



 However, when EDTA washing was adopted prior to 

the addition of zinc sulfate, the floatability of chalcopyrite 

was not affected, while it had a detrimental effect on the 

floatability of sphalerite (Fig. 4c). These results indicate 

that EDTA washing followed by Zn2+ addition could be an 

effective approach to depress the floatability of lead-

activated sphalerite.  

 This proposed flotation procedure to separate 

chalcopyrite and sphalerite in the presence of soluble 

compounds like anglesite could be applied to not only 

SMS ores but also Cu-Pb-Zn ores in terrestrial deposits 

which contain soluble compounds formed by the 

natural oxidations of minerals. 

 

 

 

 

 

 

 

 

 

 

 

 

 


