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M- Magnetite
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Abstract: The present study aims to investigate the slag leaching of Sarcheshmeh copper reverberatory
furnace using sulfuric acid and hydrogen peroxide. The results of the analyses indicated that the slag
contains 0.7% of copper and 37.75% of iron. Most of the slag minerals include fayalite, magnetite, diopside
and chalcopyrite. This research scrutinizes the effect of different parameters including the size of particles,
temperature, PH, the concentration of hydrogen peroxide and the velocity pulp stirring on the recovery of
copper and iron. Based on the results, as the size of particles of slag is reduced from 150- 250 to 48-74
micron, the maximum recovery of copper and iron is increased from 23.03% and 22.34% to 26.14 and
28.12%, respectively. However, as the size of particles is diminished less than 48 microns, less increase
is detected in the recovery of copper and iron. When the pulp PH is reduced from 2.4 to 1.5, the recovery
amount of copper and iron is increased from 18.12% and 20.95% to 29.14% and 31.04%, respectively.
Changing the primary concentration of hydrogen peroxide affected the copper recovery the most. Increasing
the concentration of hydrogen peroxide from 0.5 M to 2 M enhances copper recovery from 29.14% to
54.12%. Increasing the pulp temperature from 35 to 45°c subjected to enhance copper recovery from 53.5%
to 59.5%. In fact, the enhancement of temperature to 50°c mostly influenced iron recovery. Using the
hematite nano- particles in the leaching process leads to improve the function of hydrogen peroxide and
increase the copper recovery.

Keywords: Reverberatory slags, Slag leaching, Hematite nano particles, Hydrogen peroxide, Hydrometallurgy.
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INTRODUCTION

Since the exceeding exploitation of metal mines with high grade has gradually diminished the mineral
reservoirs, miners have considered to exploit metal resources with low grade [1]. As copper slags have al-
ways contained valuable metals, researchers have continuously tried to choose the best way to exploit and
manage the stockpiles [2]. Slag processing in industrial and large scales is regarded as a suitable technology
that needs more research to improve such technology. Most industrial slags are discarded or utilized without
completely using its properties. Dumping and accumulating slags bring about several harmful effects influ-
enced by heavy rains, dust and accidental settlement of drainage water. To process the copper smelter slag,
the chemical and mineralogical combinations of slags are significant enough to be affected by minerals,
components of the concentrate the pyro -metallurgical process and the cooling way [3-5].

So far, several research has been done for the leaching of copper slags like improving the copper slag
leaching using ultrasonic waves [6], leaching the copper slag by ferrous sulfate[7], using sodium chlorate
for oxidizing the sulfide phases [8], bio-leaching of copper slag[9,10] and the copper slag leaching using
ammonium hydroxide [3].The present research has considered the use of sulfuric acid as solvent and hydro-
gen peroxide as oxidant in the leaching of Sarcheshmeh reverberatory furnace slag.

MATERIALS AND METHODS

Data obtained from the XRD graph has indicated the presence of magnetite, fialite and diviside in the
slag combination. The slag was inspected by the electronic microscope (T scan, Czech Republic). Also, the
spectrum of the related index revealed that the minerals consist of elements such as iron, copper and sulfide.
The intensity of the spectra is compatible with the elements existing in the chalcopyrite structure. The
leaching of the ground slags has been done in a two- liter glass reactor by a mechanical stirrer (Sahand Azar
Iran). All the leaching tests have been done by the solid percentage of 40. During the test, the temperature
and the foundations have been regularly measured and remained steady.

FINDINGS AND ARGUMENT

The effect of slag particle size

The effect of the size of particles on the recovery of copper and iron from the reverbratory slag of
Sarcheshmeh copper was studied on four dimensions (-48, 48-75, 75-150, 150-250 microns). As the size
of particles was dwindled from 150-250 to 48-75 mic, the maximum recovery of copper and iron was
increased from 23.03 and 22.34% to 26.14 and 28.12%. When the size of the slag particles is decreased up
to -48mic, only a slight increase is observed in the recovery of copper and iron.

The effect of PH

The pulp PH is considered as one the most important factors affecting the leaching of the slags. The tests
were done in the PH range from 1.5 to 2.4 to measure the influence of PH on the recovery of copper and
iron from the reverbertory slag. When the PH is more than 2.4, the amount of the solved iron will be less by
decreasing the solvent concentration. Nevertheless, a part of the iron is changed into alkaline sulfates which
have covered the surface of the ore. In consequence, the acid concentration is reduced. In fact, it impedes
copper to be solved. Furthermore, the solved iron is deposited as hydroxide in low acidic concentrations
(less than 1.5) and it hinders other compounds to be solved.

H,SO, + H,0, — H,SO, + H,0

The Piranha solutions is a very strong oxidant which is able to solve the iron ions faster. The enhancement
of the hydrogen peroxide concentration from 2 to 3 molar cannot remarkably affect the copper recovery.

The effect of temperature

Studies on the temperature parameter indicate that the dissolution of copper and iron is increased by
enhancing the temperature. A reaction to a primary activating energy is required to proliferate the recovery
rate at higher temperatures. Notably, the amount of dissolution is decreased in its absence. The iron recovery
is considerably increased at temperature over 45 °C. Hence, it has been chosen for leaching because of
increasing the copper recovery and slight increment in iron recovery.
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The effect of agitation speed

From one hand, the increase of pulp stirring makes better connection between acid, hydrogen peroxide
and slag particles which have high specific gravity. From another hand, the thickness of the inactive layer
has been reduced on the surface of particles. Additionally, the diffusion layer is affected. Finally, oxygen is
solved better in the pulp. Next, it subjects to better disolution of copper. However, copper recovery has been
decreased from 300 to 450 rmp through increasing the strring speed.

The effect of hematite nano particles

The simultaneous adaption of the nano-particles of hematite and hydrogen peroxide in leaching process
directs the analysis of hydrogen peroxide into active hydroxyl radicals because there are lots of fractions of
atoms on the surface of nano- particles. The hydroxyl radicals are severely unstable. The oxidants which are
more active than hydrogen peroxide causes the improvement of the oxidization process and finally copper
recovery.

CONCLUSIONS

At the beginning 15 minutes of the leaching, copper recovery has been drastically increased. This
increase is related to the dissolution of minerals and phases of copper oxide. Moreover, the iron dissolution
has been swiftly enhanced at the last moments of leaching. For this reason, it was observed that time control
is counted as an effective parameter on copper slag leaching. As the pulp PH is decreased from 2.4 to 1.5,
the recovery rate of copper and iron is enhanced from 18.12% and 20.95% to 31.04% and 29.14%. The PH
decrease has been led to improve the primary activation, the dissolution of propulsion and copper recovery.
When the temperature of the pulp is increased from 35 to 45 °C, copper recovery is improved from 54.58
to 59.52%. As the temperature is increased up to 50 °C, the copper recovery is slightly increased. At this
time, iron recovery has been increased from 36.31% to 63.12%. Increasing the concentration of hydrogen
peroxide from 0.5 to 3 mol has raised the recovery of copper and iron from 21.71% and 31.15% to 51.87%
and 59.12%, respectively. A slight increase was detected in copper recovery by increasing the concentration
of hydrogen peroxide from 2 to 3 mol. As the stirring velocity is increased from 150 to 300 rpm, the
recovery of copper and iron is increased from 36.31% and 55.52% to 39.28% and 61.45%. The copper
recovery has been decreased by increasing the stirring speed from 300 to 450 rpm. The simultaneous
adaption of the nano-particles of hematite and hydrogen peroxide in leaching process directs the analysis of
hydrogen peroxide into active hydroxyl radicals because there are lots of fractions of atoms on the surface
of nano- particles. The hydroxyl radicals are severely unstable. The oxidants which are more active than
hydrogen peroxide brings about the improvement of the oxidization process and finally copper recovery.
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