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Abstract:

The present study investigates the possibility of using cement kiln dust (CKD), a waste by-product, in the permeable reactive barrier (PRB) technology
as a conjugation between this technology and the modern concepts of sustainable green development. This technology is one of the promising innovative
passive in situ groundwater remediation methods using for immobilizing of inorganic metals (copper or zinc) from a contaminated shallow aquifer. As the
adsorption and precipitation are the predominant mechanisms for removal of heavy metals by CKD, a new analytical isotherm model, based on the mass
conservation principle, was derived for distinguishing between the adsorption and precipitation mechanisms when both these processes occur simultaneously.
This model was validated with the results of batch experiments conducted at the appropriate conditions (initial pH=3, contact time=30 min, agitation
speed=200 rpm and for different values of initial metal concentrations and adsorbent dosage) using cement kiln dust, CKD as a reactive adsorbent on two
metal species: copper and zinc. Thus, a new experimental procedure was established for description of the precipitation process.

The developed model was found to be more representative than the conventional models in characterization of the relationship between the total
sorption (adsorption-precipitation) and residual concentration of the contaminant. Thus, a reasonable agreement between model predictions and experimental
results for pure adsorption, pure precipitation, and combination of adsorption-precipitation processes was recognized. The results showed that high removal
efficiencies, approaching 100%, of copper and zinc ions were attained and the precipitation mechanism was the predominant for removing the low
concentrations of these metals, inversely; the adsorption mechanism was the predominant in the removal of high metal concentrations .

Long-term performance of reactive barrier in the set of continuous column experiments was monitored using hydraulic conductivity, pH of the solution
and accumulative mass of the metal as indictors. The results of these experiments proved that the weight ratios of CKD-filter sand (10:90 and 20:80) are
adequate in the prevent loss of reactivity and hydraulic conductivity and in turn avoid reduction of groundwater flow. These results signify that there is a
decreasing in the hydraulic conductivity due to high pH of the aqueous solution and, consequently, most quantity of the contaminant masses was retained in
the first sections of the column bed. Description of the sorption process spatially and temporally within the barrier was found to be more representative by
Belter-Cussler-Hu and Yan models depended on the coefficient of determination and Nash-Sutcliffe efficiency. However, the present continuous results
explained that the longevity of barrier is proportional directly with its thickness and inversely with percentage of CKD.




