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Abstract: The purpose of this study was to introduce and investigate a new combination of collectors
and their effect on flotation efficiency of Sarcheshmeh Copper Complex. In this study, the chemical
composition of 2, 5-dimercapto-1, 3 and 4-thiadiazole (DMT ) as a new collector at pH values between 10
and 11.8 was tested. A review of scientific references and research records showed that DMT has not been
used as a collector or in combination with other collectors in the flotation process so far. Nine experiments
were performed to determine the collector performance as well as 6 additional experiments to determine
the effect of different collector values. Based on the results, using DMT collector at pH 11.2, the recovery
percentage and copper grade were achieved 88.2 and 11.9, respectively, which was 2.1 and 3.9% higher
than the plant conditions, respectively. In this case, the separation efficiency was increased by 17%. Also,
the recovery and grade of iron concentrate decreased by 17.1% and 4.8%, respectively. FTIR analysis was
showed that during the adsorption process, the DMT form was changed from the tion-thiol form before
chemical adsorption to the dithiol form after chemical adsorption. Also, the adsorption behavior of DMT
on the chalcopyrite surface was limited in the chemical equilibrium between the extra-ring sulfur atoms and
the metallic copper.

Keywords: Flotation, Collector, DMT, Chalcopyrite, Sarcheshmeh Copper Complex.

INTRODUCTION

The use of different chemicals in the flotation process and its effect on the recovery of valuable minerals
from tailings particles has been the subject of much research for many years. Bradshaw in 1998, and
Lotter and Bradshaw in 2010 were reviewed articles on the use of different collector mixtures in sulfide
flotation [1]. The results of studies have shown that according to the type and ratio of collectors, the
selectivity of the process and thus the grade and recovery of the desired minerals can be increased. In
1980, Wakamatsu et al. have reported the simultaneous uptake of acetyl acetate and dibutyl-thiophosphate
collectors at low concentrations for lead. In other words, adsorption studies showed that in the mixture
with high concentrations and the same molar ratio of both collectors, the adsorption of ethyl xanthate was
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increased and the adsorption of di-butyl-thiophosphate was decreased. In 1984, Woods examined mixtures
of xanthate and dithiocarbamate to show that chemically adsorbed collectors were more evenly distributed
on the mineral surface than physically adsorbed collectors. [2]. In 2012, Corin et al., found no evidence of
a cooperative effect between diethyl dithiophosphate and isobutyl xanthate for platinum ore [3]. They have
reported that diphosphate has stabilized the frother and has no role in increasing the hydrophobicity of the
mineral surface. However, McFadzean et al. in 2012 showed that there was a significant increase in the
flotation of pure minerals in the presence of mixed diethyl dithiophosphate and isobutyl xanthate collectors
for lead [4]. They explained that flotation performance improvement depended on the sequential increase
of collectors. In addition, in 2013, the same authors observed an increase in the recovery of pyrite flotation
by mixing these collectors [5]. Bagchi et al. in 2007 and Riaz in 1991 suggested that by adding a weaker
but more selective collector before the collector with less selective, it would improve the adsorption. [6].
In 2019, Dhar et al. showed that the use of chemical collectors in the flotation have been greatly influences
on the metallurgical results [7]. They investigated the selective flotation of copper sulfides using sodium
iso-butyl xanthate, N-butoxycarbonyl-O-N-butyl thionecarbamate and butyl dithiophosphate as well as
mixtures of these three types of collectors. The present study showed that the improvement in copper
recycling is strongly influenced by the use of mixed collectors and the proportion of collectors in the
mixture and especially the sequential increase of the collectors.

Nowadays, considering the importance of recovery, grade and separation efficiency obtained in each
flotation process, it is necessary to determine the type of chemicals affecting the process in order to achieve
optimal conditions. The purpose of this study was to evaluate the feasibility of using DMT as a collector
to increase the metallurgical efficiency of the flotation process of Sarcheshmeh Copper Complex. Then, by
keeping the amount and type of frother constant and changing the type and amount of collectors, changing
the pH and afterwards drawing copper recovery and grade graphs, the most efficient parameters affecting
the flotation process were determined.

MATERIAL AND METHOD

Structure and mechanism of function of 2, S dimercapto 1, 3, 4 thiadiazole

In 1997, Shouji et al. reported, 2, 5-dimercapto 1, 3, 4 thiadiazole (DMT), which is a strong proton donor
(pKa, =-1.36 and pKa, = 7.5) and can react with inert copper [8]. Chemical reactions of 2, 5-dimercapto 1,
3, 4 thiadiazole (DMT) with metallic copper have been studied by infrared (IR), surface-enhanced Raman
scattering (SERS), UV-vis, and X-ray photoelectron spectrum (XPS) techniques by Huang et al. in 2001.
It is found that DMT can react readily with metallic copper, silver, and mercury under mild conditions.
Thus, when DMT approaches the copper surface, the H* mercapto group (R-SH) is separated in DMT and
adsorb onto the copper surface. As the concentration of H + increases on the surface of copper, oxidation
of copper will occur and we will see the conversion of Cu’ to Cu*. Therefore, the adsorption of DMT on
the copper mineral surface, which is associated with the breaking of the S-H bond and the formation of the
copper-DMT product, simultaneously also each DMT molecule and each copper-DMT molecule through
two sulfur atoms in a chain become polymerized [9]. Figure 1 was shown the structure of the DMT and the
polymerization steps of this molecule.
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Figure 1. Mechanism of interaction of DMT with the surface of chalcopyrite
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Amount of chemicals used in the flotation experiments

Nine flotation tests were performed to evaluate the conditions of chemical use in flotation tests. The first
experiment was carried out under plant conditions and the next eight experiments was done to improve the
current condition. At plant conditions, the type and amount of collectors were Z,, and C7240 15 and 25
g, respectively. In the next eight experiments, the new DMT collector was used in combination with two
plant condition collectors, Z, and C7240. The amounts of DMT, C7240 and Z, | collectors were used in the
next eight experiments, 9, 18 and 13 g/ton, respectively. In these eight experiments, the type and amount of
frothers were similar to the plant conditions. Also, to investigate the effect of pH, these eight experiments
were performed at pHs ranging from 10.0 to 11.8.

RESULTS AND DESCUSSION

Optimization of Z11, C7240 and DMT values
In order to optimize the ratio of collectors and evaluate the efficiency of collectors used in the flotation,
different values of 3 types of collectors Z11, C7240 and DMT were selected. All other parameters such as

pH, the type and amount of frother were considered constant. The ratio of these parameters was summarized
in Table 1.

Table 1. Variation of collector ratio in different tests

Collector (g/ton)
Number of test pH
Z1 C7240 DMT
1 11.2 25 15 0
2 11.2 15 25 0
3 11.2 20 20 0
4 11.2 15 20 5
5 11.2 14 19 7
6 11.2 13 18 9
7 11.2 12 17 11
8 11.2 11 16 13
CONCLUSIONS

In this study, the use of a new combined collectors including Z ,, C7240 and DMT in the flotation process
was investigated. The optimal values of Z ,, C7240 and DMT collectors were obtained 13, 18 and 9 g /
ton, respectively. Using this combined collector and adjusting the pH to 11.2, the recovery percentage and
copper grade were 88.2 and 11.9, respectively, which was 2.1 and 3.9% higher than the plant conditions,
respectively. Results were showed that during the adsorption process, the DMT form was changed from
the tion-thiol form before chemical adsorption to the dithiol form after chemical adsorption. Also, the
adsorption behavior of DMT on the chalcopyrite surface was limited in the chemical equilibrium between
the extra-ring sulfur atoms and the metallic copper.
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