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Abstract

Kooshk mine is one of the largest lead-zinc deposits in Iran. A high amount of pyrite and carbonaceous
matter are two distinct characteristics of the Koosh deposit. Therefore, the competition between sphalerite,
galena, and pyrite minerals and their selective separation in flotation is significant. In this research work, due
to the low recovery of lead in the Kooshk flotation circuit, the possibility of pyrite depression and
improvement of lead recovery by using various depressants was investigated. Pyrite and sphalerite
depressants in galena flotation were used, such as sodium cyanide, sodium sulfite, sodium metabisulfite, iron
sulfate, dextrin, Quebracho, SHQ (40% sodium silicate + 40% sodium phosphate + 20% Quebracho) and

A3-3 (40% sodium silicate + 40% sodium metabisulfite + 20% aluminum sulfate). The results showed that
each depressant, except dextrin, SHQ, and A3-3, significantly affected pyrite and sphalerite floatability, and
lead recovery improved at some point during their consumption. Sodium cyanide, sodium metabisulfite, and
sulfate iron showed the most effect in the depression of pyrite. In addition to sodium cyanide, the maximum
pyrite & sphalerite depression and the maximum lead grade & recovery were obtained with the separate
consumption of 600 g/t ferrous sulfate and 200 g/t sodium metabisulfite. Compared to other non-toxic
depressants, iron sulfate, and sodium metabisulfite made pyrite and sphalerite depressants more effective and
increased lead recovery by up to 8%.
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1- Introduction

Sedimentary lead-zinc deposits are important sources of lead and zinc—some sedimentary lead-
zinc deposits are located in black shale as their host gangues. The presence of organic matter and
carbonaceous type of pyrite in these deposits influences selectivity between galena, sphalerite, and
pyrite species in the flotation process [1-2]. Different methods and reagents apply for the selective
depression of pyrite in the galena flotation stage [3-6]. Kooshk mine is one of the most significant
zinc and lead deposits in Iran. The ore contains sphalerite and galena as valuable minerals, and
pyrite, dolomite, and calcite are the main gangue minerals. In addition, carbonaceous material is
present among the gangue minerals. The high amounts of pyrite and carbonaceous matter are
detrimental to the concentration of lead and zinc flotation in the Kooshk plant. Pyrite depression is
necessary for plants to produce lead and zinc high-grade concentrates.

In this research, selective flotation of galena is evaluated in the high-pyrite sample of the Kooshk
mine. Different types of organic and inorganic pyrite and sphalerite depressants are applied in the
galena flotation stage.

2- Materials and methods

A representative high pyrite lead-zinc sample was obtained from the Kooshk mineral processing
plant in Yazd, Iran. The sample was collected from lead circuit feed (pre-flotation tailing) (Figl).
Sampling increments were collected in equal time intervals of 1 h. The gross samples were obtained
by mixing increments of collected samples in equal time intervals during the shifts, more than 200
kg. Particle size distribution of the initial sample specified that the Dg, of the representative sample
was 101 um. For ore characterization, optical mineralogy ((U-LH100, Japan)), using the polished
mineralogical studies, revealed that pyrite, sphalerite, and galena were the major sulfide phases and
calcite and was the major gangue phase. Flotation experiments were carried out in a 2.5 L Denver
laboratory flotation cell using a 1 kg ore sample.
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Figure 1: Overall view of the Kooshk plant and sampling stream (sampling stream specified by star)
3- Results and discussion

Flotation experiments were designed using different depressants such as sodium cyanide, Iron
sulfate, Sodium Metabisulfite, Sodium Sulfite, Sodium Sulfide, Dextrin, Quebracho, A3-3 (40%
silicate sodium+ 40% Sodium met bisulfite +20%Aluminium sulfate ), SHQ (40% Silicate sodium+
40% Sodium phosphate +20% Quebracho). The experiments were carried out under different
conditions to achieve the highest pyrite and sphalerite depression with the highest galena recovery
in the galena flotation stage. Based on the results in Table 1, the optimum condition of flotation
experiments was observed using 200 g/t Sodium Meta bisulfite, 600 g/t iron sulfate, and 150 g/t
sodium cyanide separately. In this condition, galena recovery improved from about 48% to 51-56%,
and pyrite was significantly depressed from 26% to 8-11%.
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Table 1: Comparing grade and recovery in the lead flotation experiments' optimum condition

. Recovery %
Depressant Consugrﬂp“o” Grade % +13 | 0.3 yPlus, +0.66
Pb Zn Fe Pb Zn Fe
Control (without depressant) 0 545 | 3.48 | 36.05 | 48.64 | 11.80 26.25
Iron sulfate 600 6.95 | 3.65 | 27.21 | 56.77 | 5.43 12.35
Sodium Meta bisulfite 200 11.25 | 3.42 | 21.12 | 51.28 | 5.28 8.72
Sodium Sulfite 800 478 | 3.36 | 27.23 | 54.99 | 10.99 21.25
Sodium Sulfide 200 5.82 | 3.31|29.90 | 57.58 | 9.09 25.97
Dextrin 200 526 | 3.15 | 25.68 | 46.33 | 8.68 16.24
Quebracho 200 5.35 | 3.39 | 26.48 | 52.15 | 9.50 15.92
A3-3 (40% silicate sodium+ 40%
Sodium Meta bisulfite 400 3.61 | 248 | 31.00 | 56.78 | 12.90 27.93
+20%Aluminium sulfate )
AL Ty
SOSdI?uQm(?)ﬂ ({; ;r:gt%aiezf)?,g'ggebfgcﬁo) 400 489 | 302 |31.80 |57.28 | 1012 | 22.05
Sodium Cyanide 150 8.9 3812350 |54.08| 6.88 12.35

4-

Conclusion
The current research showed that sodium meta bisulfite and iron sulfate depressed pyrite and

sphalerite more effectively and increased lead recovery compared to the other depressants. Also,
due to the low overall recovery of lead on the grinding sample, optimization of the grinding and
classification system in the plant is necessary and unavoidable.
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