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PURIFICATION OF INDUSTRIAL WASTE-WATER FROM HEAVY METALS BY PRECIPITATION AND FLOTATION
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The goal of this research was to examine a process for purification of industrial waste-water, containing ions of toxic heavy metals. This process includes two steps: a) precipitation of those ions as insoluble sulfide-salts, by adding sulfide ions (as Na2S). b) Floatation of the sulfide-precipitates by adding small volumes of mineral oil, mixing to form an unstable emulsion of oil droplets which adsorbs the sulfide particles and then stopping the stirring to allow phase separation. In the end of this process, the oil layer with the adsorbed precipitate is removed, leaving the aqueous phase clean, with only trace-concentrations of the metallic ions.

The efficiency of the process depends of the efficiency of each of its two steps. Completion of the precipitation step was expected for all four salts (CdS, CuS, HgS and PbS), due to their very low values of Ksp. However, considerable concentrations of cadmium, and to a smaller extent of lead and copper, were still measured in the water after the precipitates were separated. As for floatation, only the oil of the type Paztherm 22 was found to be 100% efficient for all precipitates, whereas the other types (Bayol 85, Primol 352 and NSO, all produced by "Paz"-Lubricants & Chemicals Co., Israel) exhibited only partial floatation, i.e. some of the precipitates remained on the bottom of the vessels. Moreover, in the cases of CuS in the presence of those three types of oil, and of CdS in the presence of Paztherm 22, the concentration of the remaining metal in the aqueous phase was found to be dependent on the volume of the added oil. This observation was rather surprizing, because the precipitation step takes place in the water, and as so it was not expected to be affected by the oil. The explanation that was given to this phenomenon, and can also explain the remaining concentrations of some of the metal ions in the water, is the existence of certain amounts of nano-particles of the sulfide salts, which stay suspended in the water. On one hand, these nano-particles are in the form of insoluble salt, although they do not precipitate due to their ultra-small size. On the other hand, they are sucked with the solution into the ICP-AES instrument and thus measured as metal atoms in the water analysis. Such nano-particles can adhere to the oil droplets in the suspension and thus be removed from the water, sometimes showing dependence on the amount of the added oil.

Separation of insoluble sulfide salts, which include a phase of nano-particles that do not precipitate, seems to be more efficient by the floatation than by other methods, such as ultra-filtration. This is because it does not require systems of ultra-fine filters, which may be blocked by those particles. Moreover, no large volumes of water need to be flown through the filtering systems. Finding the proper conditions for removing each kind of metal ions (i.e. the type and the amount of oil, stirring velocity and duration etc.) can enable the treatment of waste-water to a sufficiently high purity. 

The existence of nano-particles of a precipitate in solution may have implications on chemical analysis. On one hand, such particles can be measured as dissolved ions in methods such as ICP-AES, as happened in our study, and thus cause a positive bias of the result. On the other hand, they may not be measured in gravimetric analysis, thus causing a negative bias. 


