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RECYCLING PROCESS WATER IN COMPLEX 

SULPHIDE ORE FLOTATION 
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ABSTRACT 

An approach to environmental sustainability and improved process economy, in sulphide minerals 
production is recycling of process water in flotation of complex sulphide ores, although the chemistry 
of process water may be a critical issue to flotation efficiency. The influence of major components of 
calcium and sulphate ions in process water on xanthate collector adsorption and flotation response 
using pure chalcopyrite, galena and sphalerite minerals were investigated by Hallimond flotation, zeta-
potential measurement, FTIR and XPS spectroscopy studies, while bench scale flotation tests were 
also carried out using complex sulphide ores. The impact of the species in flotation was 
comprehended using deionised water, tap water, process water and simulated water containing 
equivalent amount of calcium and sulphate species in process water. 

Hallimond flotation results showed a decrease of chalcopyrite and galena recovery in process water 
and also in the presence of calcium and sulphate ions in both deionised and process waters, whereas 
sphalerite does not respond to flotation. The adsorption of calcium and metal ions but not sulphate 
ions on the minerals is evidenced by zeta-potential data. FTIR and XPS studies revealed the presence 
of surface oxidized sulfoxy species and surface calcium carbonates on chalcopyrite in the presence of 
process water and water containing calcium ions, surface oxidized sulfoxy and carbonate species on 
galena in the presence of deionised water, process water and water containing calcium and sulphate 
ions, all at flotation pH 10.5, and these surface species influenced xanthate adsorption. The presence 
of surface oxidized sulfoxy and carbonate species at the sphalerite flotation pH 11.5 were seen in the 
presence of deionised water, process water and water containing calcium and sulphate ions, but the 
surface species does not influence xanthate adsorption. 

Bench scale flotation using two different complex sulphide ores showed that chalcopyrite, galena and 
sphalerite recoveries are better in process water than tap water. The studies showed that the process 
water can be recycled in flotation with no detrimental effect on grade and recovery of sulphide 
minerals. 
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INTRODUCTION 

Recycling high percentage of process water during flotation in mineral producing industries is becoming 
mandatory, due to prevailing campaign for a cleaner and safer environment with clean surface water and ground 
water. However, the implication of the difference in the chemistry of process water compared to fresh water on 
flotation efficiency is not yet completely understood (Rao and Finch, 1989). The usual procedure in the flotation 
stage of complex sulphide ore is floating Cu and Pb minerals in the first stage while Zn mineral is floated in the 
second stage (Woodcock et al, 2007). Sulphide minerals flotation is usually affected by a number of factors, which 
includes components and species present in the pulp, grinding method, electrochemical effects, and control of the 
grinding environment especially the metal oxidation species produced on minerals and oxidation-reduction state 
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which in turn influence the potential range of subsequent flotation (Eric Forssberg, 1985; Eric Forssberg, 1990). 
Calcium and sulphate ions are two very common components in the process water from flotation of sulphide 
minerals. The origins of calcium and sulphate species in process water are the ore and flotation reagents, such as 
lime for maintaining pH and NaHSO3 for controlling the surface properties (Broman, 1980). Previous studies dealt 
with the effect of calcium and sulphate ions on environmentally important organic and inorganic anions, and metal 
cations on wide band-gap metal hydroxides and the results were interpreted as either competitive (Lefèvre and 
Fédoroff, 2006; Wu et al, 2002) promotive (Jia Y, 2005; Ostergren et al, 2000; Swedlund and Webster, 2001) or 
indifferent (Lefèvre and Fédoroff, 2006) adsorption depending on the speciation of the adsorbed anion and the 
formation of calcium bearing surface co-precipitates. However, little is generally known about the effects of 
concentrated sulphate and calcium solutions on adsorption-reaction of collectors on sulphides and their flotation 
recovery and grade. 

Previous work has shown that calcium ions promote or reduce flotation of sulphide minerals (Liu and Zhang, 
2000). In this study, the influence of process water components; Ca2+ and SO4

2- independently and combined 
were investigated on surface physico-chemical characteristics of sulphide minerals and their flotation using 
deionised water, tap water and process water in order to assess the practicability of recycling process water in 
flotation practice. 

EXPERIMENTAL 

Materials and reagents 

The pure minerals used in this study were procured from Gregory, Bottley & Lloyd Ltd., United Kingdom, 
chalcopyrite contains 25.8% Cu, 29% Fe, 29.5% S, 0.54% Zn and 0.22% Pb; galena grades 73.69% Pb, 13.5% 
S, 1.38% Fe, 1.26% Zn and 0.2% Cu, while sphalerite contains 39.92% Zn, 20.7% S, 4.2% Fe, 1.32% Pb and 
0.17% Cu. The minerals were crushed, ground and classified into different size fractions and stored in sealed 
polyethylene bags. A size fraction of −150+38 μm was used in the Hallimond tube flotation tests and −5 µm size 
fraction was used in zeta-potential measurement, FTIR and XPS studies. Two complex sulphide ores from 
Boliden-Renström and Boliden-Kristineberg mines were used in the Bench-scale flotation tests. The ores were 
crushed and wet ground in a steel mill to obtain K80  65 μm size particles, which is the same feed size in plant 
flotation operation. 

All chemicals used are technical grade. The flotation reagents being used at Boliden concentrator for treating 
complex sulphide ores have been obtained. Potassium amyl xanthate (KAX), Isobutyl xanthate (IBX) and 
Danafloat 871 (dialkyl dithiophosphate mercaptobenzothiazole) were used as collectors, Dowfroth 250 
(polypropylene oxide methanol) was used as frother, dextrin, sodium hydrogen sulphite (NaHSO3), and zinc 
sulphate (ZnSO4) were used as pyrite and sphalerite depressants in flotation. Calcium oxide (CaO), HCl and 
NaOH solutions were used as pH regulators and K2SO4 and CaCl2 as sources of SO4

2- and Ca2+ ions 
respectively. Process water containing 128 mg/l Ca2+ and 63 mg/l SO4

2- ions, and 186 mg/l Ca2+ and 153 mg/l 
SO4

2- ions concentrations were collected during Renström and Kristineberg ores concentration by flotation 
respectively. An analysis of Boliden process water for chemical species showed that calcium, sulphate and iron 
are the major species (refer Table 1). 

 

 

 

 

 

 

  

XXVI INTERNATIONAL MINERAL PROCESSING CONGRESS(IMPC) 2012 PROCEEDINGS / NEW DELHI, INDIA / 24 - 28 SEPTEMBER 2012 04412XXVI INTERNATIONAL MINERAL PROCESSING CONGRESS(IMPC) 2012 PROCEEDINGS / NEW DELHI, INDIA / 24 - 28 SEPTEMBER 2012 04412



RECYCLING PROCESS WATER IN COMPLEX SULPHIDE ORE FLOTATION 

Table 1. Chemical species and their concentration range in Boliden process water (source; Boliden company 
internal report 2008) 

Concentration range of chemical species in process water 

Species 
Concentrations  

From To Unit 

Sulphate SO4 200 1500 mg/l 
Calcium Ca 100 500 mg/l 

Iron Fe 0.1 1300 mg/l 
COD (Cr)  <30 130 mg/l 
Nitrogen N 0.1 10 mg/l 

Phosphorus P <0.050 0.7 mg/l 
Magnesium Mg 4.3 53 mg/l 
Manganese Mn 4.4 8000 µg/l 

Zinc Zn 12 3900 µg/l 
Aluminium Al 59 59000 µg/l 
Cadmium Cd 0.12 5.2 µg/l 

Cobolt Co 4 540 µg/l 
Copper Cu 2.7 20000 µg/l 
Mercury Hg <0.1 <0.13 µg/l 

Conductivity at 25oC  96 160 ms/m 
 

Hallimond flotation tests 

The Hallimond flotation tests were conducted with 1 g of mineral sample conditioned in a 100 ml standard 
volumetric flask and subsequently transferred into a 100 ml Hallimond tube flotation cell. This was followed by 
flotation under magnetic stirring. The sequence of reagent additions were as follows: pH regulators, calcium 
and/or sulphate species in water, collector, and frother. Conditioning time for species in water, collector, and 
frother were 10 minutes, 5 minutes, and 1 min respectively. Air was supplied at the rate of 0.2 dm3/min and the 
flotation time was 1 min. A collector concentration of 20 mg/l and a frother dosage of 50 µg/l were used. All tests 
were carried out at pH ~10.5 in room temperature of approximately 22.5oC unless otherwise specified. 

Zeta-potential measurements 

Zeta potential measurements were carried out with the aid of Zeta Compact instrument equipped with a charge-
couple device (CCD) video camera and Zeta4 software. The software allows the direct reading of zeta-potential 
calculated from the electrophoretic mobilities using Smoluchowski equation. The result is a particle distribution 
histogram, from which the mean mobility is recalculated to zeta-potential value. In each measurement; 10 mg of 
−5 µm fraction of the mineral sample at a concentration of 10 mg/100 ml of solution was used. The ionic strength 
was maintained with KNO3 at a concentration of 0.01M, the pH was adjusted with solutions of HNO3 and KOH 
accordingly. The required concentration of each solution was usually prepared followed by addition of the mineral, 
conditioning for 10 minutes and addition of other required reagent and species. The pH of the suspension after all 
conditioning prior to zeta-potential measurement is always regarded as the pH of the measurement. All the 
measurements were carried out at the flotation pH 10.5 for copper-lead and 11.5 for zinc unless otherwise 
specified. 
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FTIR (DRIFT) spectroscopy measurements 

The instrument used was Bruker FTIR spectrometer model IFS 66v/s. The samples were prepared similarly as in 
zeta-potential measurement and the pulp is subsequently filtered and left to dry on the filter paper at room 
temperature. The pH of the suspension after all conditioning prior to filtration is always regarded as the pH of the 
measurement. Diffuse reflectance infrared Fourier transform (DRIFT) method was used in the measurement with 
2.8 wt% concentration in potassium bromide (KBr) matrix. Each spectrum was recorded after 256 scans. 

XPS measurements 

The samples subjected to XPS measurement were the same as the FTIR samples. The measurement was 
carried out with the aid of a Kratos Axis Ultra electron spectrometer using mono AlKα operated at 150W X-ray 
source and a low-energy electron flood gun for charge compensation. The spectrometer is equipped with nitrogen 
pre-cooling chamber to prevent evaporation of volatile components in the sample. The measurement procedure 
and data acquisition was as described by.Sandström et al (2005). 

Bench-scale flotation tests 

In each test 1 Kg of ore is wet ground with 600 ml of tap water or process water in a steel mill with 8 Kg grinding 
medium followed by flotation in a WEMCO cell of 2.5 litre capacity. The sequences of reagent additions were pH 
regulator, depressants, collectors, frother, and flotation. The dosages of depressants are; 1500 g/t ZnSO4, 300 g/t 
NaHSO3 and 200 g/t of dextrin. Dosages of collectors in a three stage sequential copper-lead flotation are 
30+20+10 g/t Danafloat and 10+5+0 g/t KAX. The conditioning times for pH regulator, depressants, and collectors 
are 5 min, 1 min and 2+1+1 min respectively. Dosages of zinc activator and collector in a three stage flotation of 
zinc were 400 g/t CuSO4 and 40+20+20 g/t IBX. The conditioning times for zinc activator and collector are 2 min 
and 1+1+1 min respectively. The frother dosage was 20 g/t Dowfroth in all cases; pH was regulated with 
powdered calcium oxide. Experiments were performed at room temperature of approximately 22°C. Total flotation 
time was 9 min (with 1+1.5+2 in each successive stage). The three float products in each successive stage are 
combined for the chemical analysis. 

RESULTS AND DISCUSSIONS 

Hallimond flotation studies 

All experiments are repeated three times and the mean of three data are recorded. The recovery of minerals as a 
function of pH in both deionised and process water is shown in Figure 1. Chalcopyrite recovery decreases 
generally as pH is increased until pH 10 when it begins to rise again, while for galena it decreases from pH 3 to 
pH 6 above which it rises. However the recovery between pH 7 and 9 is the same around 50%. Sphalerite 
recovery decreases sharply from pH 3 and remains averagely constant. Mineral recoveries are generally lower in 
process water except at pHs 3 and 11.5 for sphalerite and galena respectively. Flotation response of sphalerite is 
only marginal at all basic pH values showing that the collector is not adsorbed even in process water containing 
various metal ions that could have served as sphalerite activator. 
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RECYCLING PROCESS WATER IN COMPLEX SULPHIDE ORE FLOTATION 

 
Figure 1. Recovery of sulphide minerals as a function of pH in deionised water (DW) and process water (PW) 

The Ca2+ and SO4
2- ions effects are shown in Figures 2 and 3; both Ca2+ and SO4

2- species reduces flotation of 
chalcopyrite and galena at lower concentrations up to 50 and 100 mg/l respectively beyond which there are no 
changes in floatability, while sphalerite is not responding to flotation. 
 
 

 
Figure 2. Effect of added calcium ions on flotation in deionised and process water for chalcopyrite and galena at 

pH 10.5 and sphalerite at pH 11.5. 
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Figure 3. Effect of added sulphate ions on flotation in deionised and process water for chalcopyrite and galena at 

pH 10.5 and sphalerite at pH 11.5. 

In general chalcopyrite and galena recovery looks better in deionised water. The reduction in floatability of the 
minerals in the presence of calcium was due to formation of CaCO3 between calcium and carbon dioxide 
dissolved in the pulp on the surface of the mineral particles, which inhibits collector adsorption as seen under 
FTIR and XPS studies. In the presence of SO4

2- ions, the strongly bonded SO4
2- ions on the mineral surfaces 

inhibit collector adsorption (Wu et al, 2002). Process water components including SO4
2-, SO3

2-,, dissolved iron, 
copper and iron hydroxyl species adsorption form hydrophilic layers on minerals surfaces; thus inhibits collector 
adsorption to some degree as confirmed under XPS studies. Sphalerite is not floating due to passivity and usually 
requires activation with metal ions for example copper. The observation seems complicated with the use of 
process water and the effect of the Ca2+ and SO4

2- is difficult to ascertain on sphalerite since the mineral is not 
floating, we therefore suggest an analysis of the surface components through known quantitative determination 
methods (FTIR, XPS, SEM etc) for the concentrates and tailings products obtained from flotation as well as mass 
balancing products and water in order to see where the xanthate and other species report and how they behave. 
This will shed more light to the complexity of the system with the use of process water compared to deionize 
water and tap water. 

Zeta-potential studies 

Zeta-potential of the minerals as a function of pH in deionised and process water are shown in Figure 4.The 
mineral surfaces are negatively charged in the entire pH 3 to 12 region either in deionisedwater or process water, 
and an extrapolation of the curves show an iso-electric points (IEP) similar to IEPs, that have been documented 
by several authors (Healy and Moignard 1976). The zeta-potential reduces gradually (becomes highly negative) 
as the pH increases in deionised water except for sphalerite, in which the negative charge density is mostly 
constant between pH 4 and 10 after which a sharp drops of potential was observed. The reduction is obvious in 
process water only after pH 8 for galena and sphalerite. 
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RECYCLING PROCESS WATER IN COMPLEX SULPHIDE ORE FLOTATION 

 

Figure 4. Zeta-potential of minerals at different pH in deionised water (solid lines) and process water (broken 
lines). ♦ chalcopyrite, ■ galena and ▲ sphalerite. 

Presence of 700 mg/l sulphate ions in calcium solution has no marked influence while 300 mg/l calcium ions in 
sulphate solution sharply increase the zeta-potential indicating dominant effect of calcium ions. The zeta-potential 
increases with calcium ions concentration due to their adsorption (Moignard et al, 1977) and the presence of 
sulphate ions is seen to decrease the effect of calcium ions a little. Calcium ions forming complex with sulphate 
ions either in bulk or on surface could be the reason for the decreased effect. Since the sulphate ions have no 
significant effect on adsorption, the increase in zeta-potential in the presence of only sulphate in Figure 6 could be 
due to the increase in ionic strength. 

Generally all zeta-potentials measured in the presence of calcium ions are identical, and also identical to those 
measured in process water. The high zeta-potential in process water and in the presence of calcium ions than in 
deionised water is due to the presence of positively charged metal ions in process water, which adsorb on the 
surfaces of the mineral particles. This is an indication that adsorption of negatively charged collector on minerals 
particles could be enhanced (Fuerstenau and Pradip 2005). Overall, the effect of calcium ions is significantly 
higher than the sulphate ions. 

The zeta-potential of chalcopyrite and galena at pH 10.5 increases with calcium ions concentrations, it also 
increases and was completely positive at 600 mg/l of Ca ions for sphalerite at pH 11.5 (refer Figure 5). 
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Figure 5. Zeta-potential of minerals as a function of calcium ions concentration (solid lines) and with a fixed (700 
ppm) concentration of sulphate ions (broken lines) at pH 10.5. ♦ chalcopyrite, ■ galena and pH 11.5 ▲ sphalerite. 

 

The zeta-potential was approximately stable between 0 and 1000 mg/l sulphate ions but averagely rises and 
stabilizes from 1200 to 1600 mg/l (refer Figure 6). 

 
Figure 6. Zeta-potential of minerals as a function of sulphate ions concentration (solid lines) and with a fixed (300 
ppm) concentration of calcium ions (broken lines) at pH 10.5. ♦ chalcopyrite, ■ galena and pH 11.5 ▲ sphalerite. 
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Diffuse reflectance FTIR spectroscopy studies 

The FTIR-DRIFT spectra of the minerals treated in deionised and process water at basic pH 10.5 for chalcopyrite 
and galena and 11.5 for sphalerite are shown in Figure 7. 

 
Figure 7. FTIR-DRIFT spectra of minerals treated at flotation pH 10.5 for chalcopyrite and galena and pH 11.5 for 

sphalerite in deionisedwater (DW) and process water (PW) 

The bands depicting surface sulfoxyanions and oxy-hydroxide species can be seen in deionised water. The bands 
at 1169 and 1008 cm-1 can be assigned to S–O stretch vibrations in sulphate and sulphite structures respectively 
(Leppinen 1990). The spectra in process water illustrate additional bands in chalcopyrite and galena, a broad 
band at 1450 and a sharp band at 879 cm-1, representing C–O stretch and C–O out-of-plane bend respectively in 
carbonate structural unit. 

The intensity of these bands was seen in our elaborate work to increase with increasing calcium concentration in 
water, hence they most probably represent calcium carbonate precipitation on the minerals surfaces or in bulk 
solution as seen in XPS data presented in Table 2. 
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Table 2. XPS binding energies (BE) and atomic concentrations (AC) of carbonate, disulphide and calcium on the 
minerals surfaces at pH 10.5 (CuFeS2 and PbS) and pH 11.5 (ZnS) in deionised water (DW) and process water 

(PW) 

 CuFeS2 PbS ZnS  
 DWpH10.5 PWpH10.5 DWpH10.5 PWpH10.5 DWpH10.5 PWpH10.5  

 BE, 
eV AC, % BE, eV AC, % BE, 

eV 
AC, 
% 

BE, 
eV 

AC, 
% 

BE, 
eV 

AC, 
% 

BE, 
eV 

AC, 
%  

C 1s - - 290 4.9 289 8.9 289 7.3 290 1.1 289 2.6 CO3
2- 

S2p 3/2 163 1.56 162.4 1.76 162 0.8 162 1.8 - - 163 0.9 S2
2- 

 170 5.02 169.1 4.1 170 1.0 168 2.4 - - - - SO4
2- 

Ca2p 3/2 348 0.45 347.7 2.25 - - 348 ~1 - - 348 1.1  

 

The bands related to sulfoxyanion species, mainly sulphate and/or sulphites are found to be the same with 
increasing calcium concentration. However, the S–O stretching bands (1008 and 1169 cm-1) in deionised water 
and in process water (1008, 1050, and 1169 cm-1) are seen to increase with increasing sulphate concentration. 
The absorbance bands for sphalerite are the same. 

The xanthate concentration of 5x10-4 M used in deionised water show prominent bands associated with adsorbed 
xanthate species at 1225 and 1148. An additional band 1022 cm-1 was also observed with the use of 5x10-5 M 
xanthate. The higher intensity band 1148 cm-1 can be assigned to C–O–C vibrations and the bands at 1225 and 
1022 cm-1 are due to S–C–S and C–O–C stretching vibrations (Leppinen, 1990). The observed bands 1148 cm-1 
and 1225 cm-1 are also characteristic of copper xanthate and dixanthogen respectively. 

The bands at 1148 and 1022 cm-1 diminished in the presence of calcium while a broad and a sharp band 
associated with surface carbonate species emerges at 1450 and 874 cm-1 indicating reduced adsorption of 
xanthate due to the formation of surface carbonate. In process water, the S–O stretching band 1050 cm-1 
dominates over xanthate species bands, except at higher xanthate concentration 5x10-4 M, having weak intensity 
bands compared to deionised water inferring lower adsorption of xanthate. 

In addition, the presence of both calcium or sulphate ions and xanthate show a negative carbonate band at 874 
and 1450 cm-1 indicating, that the surface carbonate layer is more concentrated when treated in only process 
water than in the presence of xanthate. This could be due to ion-exchange between carbonate anions and 
xanthate or surface metal ion carbonation/calcium carbonate precipitation that is impeded in the presence of 
xanthate. In our elaborate work, similar effects of xanthate adsorption behavior was observed on galena while no 
significant effect of xanthate adsorption is seen in sphalerite treated in both deionised and process water. 

The spectra of chalcopyrite treated with xanthate in deionised and process waters and in the presence of calcium 
and sulphate ions after subtracting the pure mineral spectrum conditioned in respective waters at the same 
experimental pH 10.5 without xanthate are shown in Figure 8. 
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RECYCLING PROCESS WATER IN COMPLEX SULPHIDE ORE FLOTATION 

 
Figure 8. Difference DRIFT spectra of chalcopyrite treated with 5x10-4M, 5x10-5M xanthate and calcium and 
sulphate ions in the presence of 5x10-5M xanthate after subtracting the mineral spectrum treated in deionised 

water (left) and similar spectrum in process water (right) at pH 10.5 

 

X-ray photoelectron spectroscopy (XPS) studies 

The mineral samples used in XPS were prepared similarly as FTIR samples. The spectra were recorded at similar 
binding energies found in literatures and databases (Pillai et al., 1983). The XPS results are summarized in Table 
2 while an important result is shown in Figure 9. 

In this figure, the C 1s level of galena treated in deionised and process water solution of xanthate show peaks 
signifying four chemically in-equivalent carbon atoms on the galena surface. The peaks are observed at BEs 285, 
286.4, 288.1 and 290 eV. The atoms have been identified by different authors, as originated from both 
hydrocarbon contaminants on the galena surface and species from the xanthate. The peaks at BEs 285 and 290 
eV are broad (FWHM = 1.3 and 1.45 eV) with low intensity in deionised water while they are more symmetric 
(FWHM = 1.2 and 1.35 eV) with high intensity in process water. The peak at 286.4 eV on the contrary is more 
symmetric with higher intensity in deionised water than in process water (FWHM = 1.35 and 1.8 eV respectively) 
while the one at 288.1 eV is also more narrow in deionised water than process water (FWHM = 1.1 and 1.45 eV 
respectively) but with higher intensity in process water. The most intense C 1s peak observed on all samples is at 
285 eV and it can be associated with C-(C, H) species. The peak at 286.4 eV can be associated with C-O, 288.1 
eV with COOH species, while the peak at 290 eV is associated with carbonate species (CO3

2-) suggesting the 
presence of PbCO3 on the sample treated in both waters and CaCO3 in process water. It has long been 
established that the peaks 285, 286.4 and 288.1 eV are due to hydrocarbon contamination and substantial 
adsorption of xanthate or a component derived from xanthate in oxidative environment on galena with the 
intensity of 286.4 eV peaks increasing while that of 285 and 288.1 eV decreases in the presence of xanthate 
(Pillaiet al, 1983). We therefore suggest that the observed low intensity of 285 and 288.1 eV peaks and high 
286.4 eV peak in deionised water and vice-versa in process water was due to a better adsorption of xanthate on 
samples treated in deionised water and lower adsorption of xanthate on samples treated in process water. In case 
of the peak at 290 eV, the increased intensity on samples treated in process water could also be due to 
precipitation of CaCO3 because of calcium presence in the process water. The observation on chalcopyrite is 
similar to galena while it is the other way round for sphalerite. 
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Figure 9. C 1s XPS spectra of galena treated in solution containing 5x10-5M KAX in deionised water (top) and 
process water (bottom) at pH 10.5. 

 

Bench-scale flotation studies 

The recoveries and grades from bench scale flotation of two types of sulphide ore using tap water and process 
water are presented in Table 3.  
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RECYCLING PROCESS WATER IN COMPLEX SULPHIDE ORE FLOTATION 

Table 3. Flotation results of complex sulphide ores at pH 10.5 (Cu-Pbflotation) and pH 11.5 (Zn flotation) in tap 
water, process water and simulated water 

 Tap water Process water Simulated water 

Kristineberg ore Recovery % Grade % Recovery % Grade % Recovery % Grade % 
CuPbConcs; Cu 92.0 4.0 93.0 3.0 90.0 5.2 
CuPbConcs; Pb 81.0 0.5 86.0 0.5 83.0 0.8 

Zn Concs;Zn 22.5 2.6 42.0 6.3 26.0 4.0 
Renström ore Recovery % Grade % Recovery % Grade % Recovery % Grade % 

CuPbConcs; Cu 88.0 1.8 90.0 1.6 88.0 1.4 
CuPbConcs; Pb 83.0 5.6 88.5 5.0 87.0 4.6 

Zn Concs;Zn 67.4 20.5 72.5 21.5 70.2 17.6 

 

Each flotation test was carried out thrice and the data presented in Table 3 is the average result of three flotation 
tests. The two ores used were from Renström and Kritineberg mines; Renström ore grades 0.36% Cu, 1% Pb and 
6% Zn while Kristineberg ore grades 0.9% Cu, 0.1% Pb and 2.4% Zn. Flotation was carried out using tap and 
process water at 22oC temperature and simulated tap water with added 128 mg/l Ca2+ and 63 mg/l SO4

2- ions 
concentration for Renström ores and 186 mg/l Ca2+ and 153 mg/l SO4

2- ions concentration for Kristineberg ores. 
The floatability of the minerals is generally more in process water. 

Addition of Ca2+ and SO4
2- ions (128 and 63 ppm respectively) in the water has little influence on the recovery. 

One possible reason for better floatability in process water is the presence of rest reagents and high 
concentration of Ca2+and other metal ions that enhances minerals particles adsorption to xanthate (an anionic 
collector) as seen in zeta-potential studies. Another reason could be the reduced oxidized surfaces revealed 
under DRIFT and XPS studies, which could lead to better efficiency of the little adsorbed xanthate in flotation. The 
difference in flotation response could also be caused by different grinding environments, for example, the pH of 
process water is 11, which is the grinding pH when using process water for flotation as against tap water in which 
grinding pH is 8. The disparity between the flotation responses in the presence of process water and its 
components in deionised water observed in Hallimond tube flotation and the bench scale flotation can also be 
explained by the differences in the particle size of the minerals used in Hallimond flotation (-150+38 µm) and 
bench scale flotation (K80 65 μm). The depressing effects of calcium and sulphate ions were reported to be more 
significant on finer particle sizes (Cullinan et al., 1999; Vincent, 1999). The particle size for the bench scale 
flotation in this study is the one used in practice. In order to substantiate the better floatability in process water, 
detailed quantification, speciation and atomic composition of the components on the surface of the products and 
tailings obtained from the flotation tests must be done, in order to comprehend the surfactant and other species 
concentration on each product. These will give indication of what is responsible for the better floatability. The 
effect of particle size distribution must also be tested in order to compare the surface behavior at different sizes. 

CONCLUSION 

Zeta-potential studies show adsorption of calcium ions on sulphide minerals in deionised water and metal ions in 
process water but not sulphate ions. 

The DRIFT spectrum of the mineral samples showed, that the surface is partially oxidized, depicting surface 
sulfoxy and carbonate species, it also indicates that xanthate adsorption on chalcopyrite and galena is reduced in 
process water. Such species influenced Hallimond flotation of pure minerals but not bench scale flotation of 
sulphide ores. In fact, the minerals are better floated from ore in process water. This is also confirmed by XPS 
studies in particular calcium carbonate presence on the minerals. 

Based on the findings so far the process water has no obvious detrimental effect on sulphide minerals flotation, 
hence can be reused but with frequent assessment of the components in the water as well as the particle size 
distribution of the pulp. However, a pilot scale test is strongly recommended for comparison before full scale 
testing. 
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