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The chemical precipitation using lime, caustic soda and soda ash was investigated for the
simultaneous removal of Cu and Zn from copper mine industrial wastewater by conducting jar tests
in the present study. Jar experiments were performed with a set of polyethylene beakers (500 ml)
in order to investigate the effect of two reaction parameters (precipitant doses and initial pH) on the
removal of heavy metals. X-ray Diffraction (XRD) and Scanning Electron Microscope (SEM)
equipped with X-Ray Energy Diffraction Spectroscopy (EDX) were used to identify the important
chemical compounds and to study the surface morphology, chemical composition and particle size
of the sludge samples. An increase in the removal of Cu and Zn was observed by increasing the
precipitant dose (10-400 mg/L) for each reagent used. Removal efficiency of 90% were obtained
for both heavy metal ions. The chemical precipitation efficiency was affected by pH. At high final
pH levels (8<pH<10), Cu had higher removal efficiency than Zn by all precipitating agents. In the
sludge produced, Zn and Cu were precipitated as amorphous hydroxides including Zn(OH)2 and
Cu(OH)2. SEM images showed that the produced sludges have small size and compact structure.
EDX analysis determined that in all sludge samples, the content of Cu was higher than Zn. Effluent
treatment with soda ash resulted in the sludge production with lower volume and larger particle
size. As a result, the use of this precipitating agent can be less expensive for sludge drying steps.
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Extended Abstract

Introduction

Chemical precipitation is the precipitation of metals in the form of insoluble hydroxides or carbonates. Due to the
simplicity of process control, chemical precipitation is widely used in industrial wastewater treatment (Wu, 2019). The
purpose of this research is to investigate the effect of using different precipitating agents to treat industrial wastewater
containing high levels of copper and zinc using lime, caustic soda and soda ash. Also, some factors affecting the treatment
efficiency, including the dose of precipitant and the initial pH of the wastewater, were tested. Finally, the characteristics
of sludge resulting from the sedimentation process were evaluated and compared based on volume and mass
measurements, XRD investigation and particle size distribution analysis.

Materials and Methods

The industrial wastewater of Songun copper mine, located 30 km from Varzghan city, East Azarbaijan province, was used
before purification and without the addition of metal reagents. Jar experiments were performed on a laboratory flocculator
(11198-fisher Bioblock scientific flocculator). A set of polyethylene flasks (500 ml) was used to investigate the effect of
two reaction parameters (precipitant doses and initial pH) on the removal of heavy metals at an ambient temperature of
2441°C. After measuring the final pH, the solutions were acidified using nitric acid to measure the remaining metal. Also,
the volume of sludge deposited in the purification process was investigated by volumetric method.

Discussion

The studied wastewater has a slightly acidic pH (6.11) and its turbidity is in the NTU range of 91.33. Considering that the
electrical conductivity is more than 1000 microsiemens/cm (Table 1), so this wastewater is included in the category of
very mineral wastewater. The concentration of copper and zinc was 241.04 and 11.53 mg/liter, respectively, which is
much higher than the national standard for industrial wastewater discharge (Zand & Abyaneh, 2019).

In the application of three precipitating agents, at a dose of less than 100 mg/L for a slightly alkaline pH (final pH > 7),
the appropriate precipitating agent was soda ash; Because at low doses, the final pH range of soda ash was higher than
the final pH of lime and caustic soda. At the dose of 100 mg/liter of soda ash, the removal efficiency of copper and zinc
was equal to 99.15 and 87.92%, respectively (Table 2). However, at high pH level (10>final pH>8), caustic soda was the
suitable precipitant (with maximum removal efficiency of 99.99% for copper and 99.73% for zinc). As shown in Table 2,
at the dose of 400 mg/L, the removal efficiency of zinc heavy metal decreases for the precipitation of lime hydroxide and
caustic soda (final pH < 10) and soda ash (pH equal to 9.63).

It can be seen in Figure 3 that the volume of sludge produced for caustic soda has the highest amount and the volume of
sludge produced using lime is also significant. However, the volume of sludge produced for soda ash was small compared
to hydroxide precipitation.

The SEM images in Figure 4 show that the products resulting from the sedimentation reaction are not large in size and
have a compact structure. Analysis of particle size distribution using ImageJ program showed that the mean size of
sediment particles was approximately 1.89 pum in the application of lime and 2.05 pum in the application of caustic soda,
while the particle size as a result of treatment with soda ash was It was 4.88 micrometers. Lime produced less mass of
sludge with smaller particle size than other precipitating agents.

Conclusions

The results of the present study showed that lime, caustic soda and soda ash are effective for absorbing copper and zinc
from industrial wastewater. The removal of these metals can be effectively achieved by increasing the pH value of the
treatment system. By reducing the final pH of the wastewater approximately between 8-10, the solubility of hydroxide
metals increases. According to the findings, the removal efficiency of copper was slightly higher than that of zinc. In the
production sludge, zinc and copper were deposited as amorphous hydroxides including zinc hydroxide and spartinite. The
most crystalline compounds resulting from precipitation in all systems were brocanthite, botgenbashite and longite.
Treatment of wastewater with soda ash resulted in the production of a smaller volume of sludge with a larger particle size;
As a result, the resulting sludge drying steps can be less expensive. This agent will be a significant advantage compared
to the use of other precipitating agents.
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