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Abstract

Steel finishing operations such as pickling, galvanizing, plating, etc., involve a
process of removing scale, rust and dust from the surface of stainless steel. In this,
sheets of steel are immersed in hot acidic solution resulting in waste liquor which
contains heavy metals like Fe, Cr, Ni, etc. When treated with lime, these heavy
metals get settled as metal hydroxides in form of sludge. As per the Act of
Hazardous Waste (Management and Handling) Rules, 1989, the disposal of lime
treated spent pickling sludge should be done with consideration and is not easy. In
normal practice, this sludge is being stored in leak proof bags and no proper
disposal technique is being employed by small and medium industries.

An attempt has therefore been made to utilize the lime treated pickling
sludge in cement concrete mix in the presence of fly-ash as a binder agent. The main
objective is to immobilize heavy metals in the concrete matrix and studying its
leaching characteristics and compressive strength. Sludge is characterized for the
heavy metal content using AAS, EDX and XRD. Other physical and chemical
properties are also analysed. Test cubes of nominal mix M20 were prepared and
these were tested for its 7 and 28 days compressive strength. Toxicity characteristics
leaching procedure (TCLP) test as per USEPA was carried out on these cubes to
study the extent of immobilization and stabilization of heavy metals in the concrete
matrix.

For this, Four factors were varied on three levels i.e. Percentage of cement
replaced by sludge (5%, 7.5% & 10%) and Percentage of fly-ash (0%, 15% & 20%),
type of cement used and particle size grading of sludge, to assess the effect of these
factors on compressive strength and heavy metal concentrations in leachate. Taguchi
methodology (L9 orthogonal array) was used for optimizing the design of
experiments and for further analysis.

Experimental results show that the lime treated pickling sludge can be
utilized with cement/concrete with some binding materials like fly-ash. By Analysis
of Mean (ANOM) method, it was found that 7.5% addition of sludge and 20% fly-
ash as partial replacement of cement with 43 grade OPC and sludge particle size
ranging between 0.3 to 2.36mm produced the optimal performance for compressive
strength and heavy metal immobilization values of the cement-sludge-flyash
concrete cubes. By Analysis of Variance (ANOVA) method, it was found that
particle size grading of sludge and percent of sludge added as cement replacement
contributed 46% and 41% respectively to the optimal performance. Formation of
C2H, C3H and gypsum (C-S-H gel) may be contributing in the better performance of
concrete.
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