
INTRODUCTION

Holding 6.7 % of the world's Pb-Zn-Cu reserves on the
basis of metallic content is very important for Turkey in
economical point of view1,2. Galena (PbS), sphalerite (ZnS) and
chalcopyrite (CuFeS2) are the main sulphide compounds in
Pb-Zn-Cu mineralization. Flotation method is widely used in
Turkey and worldwide to enrich complex Pb-Zn-Cu ores3-6.

The concentrate to be used in metallurgical process should
be separated from impurities and other minerals. The aim
of beneficiating complex ores is to have well separated
concentrates. Otherwise, the value of the ore decreases econo-
mically5,7.

The selective flotation method is applied to the bulk
flotation concentrate of Pb-Cu to achieve more valuable Cu
concentrate and to reduce the Cu amount in Pb concentrate7.
Potassium dichromate is widely used as a depressant of this
type of ores in flotation3-7. However, potassium dichromate is
an undesirable chemical with carcinogen impacts and environ-
mental drawbacks8.

In this study, the use of sodium metabisulphide (Na2S2O5)9,
which has field of use in food sector, instead of potassium
dichromate is investigated to minimize the negative impact of
mining activities.
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In this study, complex lead-zinc-copper ore located in the territory of Canakkale Province, Yenice County, Kalkim District has been
worked on. Physical and mineralogical characteristics of the ore showed that the appropriate ore enrichment method is flotation. The first
aim was to determine the optimum flotation conditions for the further studies. The flotation tests to determine the type of depressant were
completed to use in selective flotation circuit of lead and copper. Potassium dichromate is widely used as a depressant of this type of ores.
However, potassium dichromate is an undesirable chemical with carcinogen impacts and environmental drawbacks. Many alternatives of
potassium dichromate is studied in recent years such as sodium metabisulphide. Sodium metabisulphide is less dangerous than potassium
dichromate for environment and human health. In this study, the ore was beneficiated using sodium metabisulphide and 89.74 % cumulative
recovery with 66.32 % Pb content in the final lead concentrate and 35.67 % cumulative recovery with 24.94 % Cu content in the final
copper concentrate was obtained. The positive and negative aspects of sodium metabisulphide with respect to potassium dichromate are
discussed regarding the experimental studies.
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EXPERIMENTAL

The complex lead-zinc-copper ore used for experimental
studies is taken from the stock of a mining site in Canakkale
Province, Yenice County, Kalkim District. The size of the run of
mine was reduced to -2 mm in laboratory to be used in experiments.

The chemical analysis of the ore was performed by using
Analytic Jena NovAA 30 model atomic adsorption spectros-
copy and 3.29 % Pb, 0.62 % Zn, 0.35 % Cu, 3.38 % Fe and
0.57 % Mn content was determined10. The figures plotted on
the results of chemical and screen analysis10 and microscopic
studies performed by Nikon SMZ1 500 model stereo micro-
scope showed that the ore is liberated below 300 µm in size.
Thus, the flotation experiments in different particle sizes as
-150, -125 and -106 µm were performed to determine the size
of liberation and it was observed that the liberation of the ore
is below 125 µm10. Hence, the further flotation studies were
performed below 125 µm in size.

The optimal bulk flotation parameters for Yenice-Kalkim,
Pb-Zn-Cu ore is given in Table-1 and the selective flotation
parameters for the bulk Pb-Cu concentrate was discussed.

Sodium metabisulphide and potassium dichromate were
compared as depressants in Pb-Cu selective flotation with regard
to grade, recovery, economic and environmental aspects.



TABLE-1 
OPTIMAL COLLECTIVE (BULK) FLOTATION CONDITIONS 

Flotation parameters Pb - Cu collective 
Reagent dosage flotation 
Particle size (mm) -0.125 
Solid rate (%) 20 
pH 8.5 
Na2SiO3 (g/t) 1000 
ZnSO4 (g/t) 500 
Na2S (g/t) 150 
KEX (g/t) 75 + 37.5 
AE 70 (g/t) 20 
Conditioning duration (min) 15 + 5 + 1 
Flotation duration (s) 3 + 2 

 
RESULTS AND DISCUSSION

Potassium dichromate (K2Cr2O7) was used as depressant
in Pb-Cu circuit in the mineral processing plant designed for
the complex Pb-Zn-Cu ore3-7. The reduction in the use of
potassium dichromate is highly desirable for its carcinogenic
effect and heavy metal content8. One of the purposes of mining
activities should be to minimize the environmental effects.
Thus, the use of sodium metabisulphide step forward10. The
comparison of sodium metabisulphide and potassium dichro-
mate and increasing dosages of sodium metabisulphide with
its applicability were investigated in this study.

The first comparison was made by using 500 g/ton sodium
metabisulphide and potassium dichromate. The flotation
parameters are stated in Table-2 and the results are shown in
Table-3.

TABLE-2 
EXPERIMENTAL CONDITIONS OF FLOTATION  

TESTS BY USING Na2S2O5 

Flotation parameters 
Reagent dosage 

Pb-Cu collective 
flotation 

Particle size (mm) -0.125 
Solid rate (%) 20 
pH 5.5 
Dextrin (g/t) 25 
K2Cr2O7/Na2S2O5 (g/t) 500 
5100 (g/t) 50 
AE 70 (g/t) 10 
Conditioning duration (min.) 5 + 2 + 1 
Flotation duration (s) 180 

 
TABLE-3 

EXPERIMENTAL CONDITIONS OF FLOTATION  
TESTS BY USING Na2S2O5 AND K2Cr2O7 

Grade (%) Recovery (%) Reagent 
type 

Concentrate 
Weight 

(%)  Pb Cu Pb Cu 

Cu 29.65 39.68 9.64 20.29 46.63 
Na2S2O5 Pb 70.35 42.64 3.02 79.71 53.37 

Cu 5.84 31.61 9.34 9.34 69.12 
K2Cr2O7 Pb 94.16 56.60 0.82 90.66 30.88 

 
The experimental results and grade-recovery charts are

stated for Pb and Cu respectively in Fig. 1.
It is observed that, the desired selectivity could not be

achieved. Therefore, the amounts of ZnSO4, the collector and
the depressant were decided to be increased. The experimental
conditions for flotation tests using K2Cr2O7 is given in Table-4.

Fig. 1. Effect of depressant type on selective flotation

TABLE-4 
EXPERIMENTAL CONDITIONS OF FLOTATION  

TESTS BY USING K2Cr2O7 

Flotation conditions 

Reagent doasge 

Pb - Cu collective 
flotation 

Particle size (mm) -0.125 
Solid rate (%) 20 
pH 5.5 
Dextrin (g/t) 25 
ZnSO4 (g/t) 200 
K2Cr2O7 (g/t) 1000, 3000 
5100 (g/t) 100 
AE 70 (g/t) 10 
Conditioning Duration (min.) 5 + 2 + 1 
Flotation Duration (s) 90 + 90 

 
In the experimental study using 3000 g/ton potassium

dichromate as depressant (Table-5 and Fig. 2), Pb grade of
59.77 % with recovery of 90.69 % and Cu grade of 15.86 %
with recovery of 75.08 % was achieved. An increase in potas-
sium dichromate dosage was not preferred due to its negative
effect on human health and environment.

TABLE-5 
EXPERIMENTAL CONDITIONS OF FLOTATION  

TESTS BY USING K2Cr2O7 

Grade (%) Recovery (%) Reagent 
dosage 

Concentrate 
Weight 

(%) Pb Cu Pb Cu 
Cu 29.51 33.16 12.67 17.46 69.91 1000 g/t 
Pb 61.29 70.11 1.74 76.66 19.99 
Cu 15.83 22.75 15.86 6.93 75.08 3000 (g/t 
Pb 78.90 59.77 0.90 90.69 21.24 

 

Fig. 2. Effect of K2Cr2O7 on selective flotation
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The flotation parameters using Na2S2O5 is given in Table-
6 and the achieved results are shown in Table-7 and Fig. 3.

TABLE-6 
EXPERIMENTAL CONDITIONS OF FLOTATION  

TESTS BY USING Na2S2O5 

Flotation conditions 

Reagent dosage 

Pb - Cu collective 
flotation 

Grid size (mm) -0.125 
Solid rate (%) 20 
pH 5.5 
Dextrin (g/t) 25 
ZnSO4 (g/t) 200 
Na2S2O5 (g/t) 1000, 3000, 5000 
5100 (g/t) 100 
AE 70 (g/t) 10 
Consistency time (min) 5 + 2 + 1 
Flotation time (s) 90 + 90 

 
TABLE-7 

EXPERIMENTAL CONDITIONS OF FLOTATION  
TESTS BY USING Na2S2O5 

Grade (%) Recovery (%) Reagent 
doasge 

Concentrate 
Weight 

(%) Pb Cu Pb Cu 

Cu  26.02 35.42 8.82 17.39 88.49 1000 
g/t Pb 68.82 60.57 0.25 78.64 6.51 

Cu 8.21 13.14 23.35 2.10 83.57 3000 
g/t Pb 90.22 54.95 0.24 96.73 9.30 

Cu 7.35 6.20 24.94 0.74 80.07 5000 
g/t Pb 91.19 66.32 0.28 98.70 11.28 

 

Fig. 3. Effect of  Na2S2O5 on selective flotation

In the experimental study using 5000 g/ton sodium
metabisulphide as depressant, Pb grade of 66.32 % with
recovery of 98.7 % and Cu grade of 80.07 % with recovery of
24.94 % was achieved, which has commercial value in the
industry.

Conclusion

Potassium dichromate and sodium metabisulphide was
used as depressants in Pb-Cu selective flotation tests. In the

flotation tests using 3000 g/ton potassium dichromate as
depressant, Pb grade of 59.77 % with recovery of 90.69 %
and Cu grade of 15.86 % with recovery of 75.08 % was
achieved. On the other hand, Pb grade of 66.32 % with reco-
very of 98.7 % and Cu grade of 80.07 % with recovery of
24.94 % was achieved by using 5000 g/ton sodium
metabisulphide as depressant. Both concentrates has commer-
cial value and saleable. The concentrates with higher grade
and recovery was achieved with 5000 g/t sodium meta-
bisulphide than 3000 g/t of potassium dichromate.

The cost of potassium dichromate is 1.45 times sodium
metabisulphide. Accordingly, the unit cost per consumption
is head to head for both compounds. The use of sodium
metabisulphide is more economical since 7 % grade and 8 %
recovery increase in Pb concentrate and 9 % grade and 5 %
recovery increase in Cu concentrate was observed.

The main purpose of this study is to minimize the negative
effects of mining activities to human health and environment
while maximizing the total yield of the activities. For this
purpose, the use of potassium dichromate is not preferable
due to its low achievable grade and recoveries, heavy metal
content and negative effects on human health and environment
regarding the two main criteria.

In conclusion, the use of sodium metabisulfite is more
preferable with regard to grade, recovery, economic and
environmental aspects.
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