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ABSTRACT

]
Washing agents play a major role in the permanent removal of heavy metals from

industrial sludge. However, there are currently few low-cost, high-efficiency, and environmentally

friendly agents available. In this study, the solutions derived from
citric acid. The effects of washing solution concentration, mixing time

ultrasonication time on Cu and Cr removal were investigated using cent

biosurfactant, lignin, and
, liguid-to- solid ratio, and

ral composite design (CCD)

and response surface methodology (RSM). The mixture of biosurfactant, lignin, and citric acid

showed the highest Cu and Cr removal efficiency of 96% and 82% wt

ich is greater than the use

of each agent alone. Ultrafiltration technique was developed to recover Cu and Cr from the used

washing agent. Hydrosart membrane with 5 kDa was suitable for separ

Conseguently, the recovered washing agent was able to be reused f

ating 83% Cu and 70% Cr.

our times, while the non-

recovered washing agent could not be reused. These findings suggest that the co-processes of

industrial sludge treatment by biosurfactant-based washing agent and

heavy metals recovery by

ultrafiltration is a feasible approach for their resource utilization while reducing the énvironmentat

impacts associated with hazardous waste management.




