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1. Introduction - The crushing of concrete-based demolition waste in the production of recycled

aggregate produces a large volume of fine cement-rich material that is destined for landfill [1]. A number

of recent studies has applied the 3Rs principle of ‘Reduce, Reuse and Recycle’ to the application of this

cement-rich fine fraction in the treatment of aqueous industrial effluent, contaminated marine sediments

and radioactive liquors [3-5]. This current study examines the interactions of aqueous Cd2+, Cu2+ and

MoO4
2- ions with the 1 - 2 mm fraction of crushed ordinary Portland cement-based concrete waste.

2. Experimental - The mix composition of the concrete used in this study is

listed in Table I. The 8-year old concrete block (0.4 x 0.4 x 0.3 m) was crushed in 

a jaw crusher and graded by sieving. In triplicate, 2.5 g samples of the 1 - 2 mm 

fraction of the crushed concrete fines (CCF) were contacted with 100 cm3 of 

solutions of Cd(NO3)2.4H2O, Co(NO3)2.6H2O or (NH4)6Mo7O24.4H2O at a metal 

concentration of 1 g dm-3 [1]. 2.5 cm3 aliquots of the supernatants were removed 

at various intervals up to 23 days and analysed by inductively coupled plasma 

spectroscopy (ICP). After 23 days, the CCF were recovered by sieving, washed 

once with 30 cm3 of distilled water and dried in air at 25 °C to within 5% of their 

original mass. The surfaces and polished sections of the recovered metal-bearing CCF were analysed by 

scanning electron microscopy (SEM) and energy dispersive X-ray analysis (EDX). The metal-laden CCF 

were also subjected to a 24 h distilled water leaching procedure, at a solid:solution ratio of 0.1 g cm-3, 

which was repeated four consecutive times in triplicate [1].  

3. Results and Discussion - The uptake of aqueous Cd2+, Cu2+

and MoO4
2- ions by CCF as functions of time are plotted in Image

1 and demonstrate that this material is an effective sorbent for all

three ions; although, the removal rates are slow. SEM and EDX

analysis of the recovered metal-laden CCF samples (not shown)

indicated that the principal mechanism of immobilisation of the

metal species is via precipitation on the surface of the CCF

particles with negligible diffusion into the cement phases. In each

case, the metals were found to be persistently bound to the CCF

particles, with less than 5 wt% being removed by four

consecutive leaching procedures.

4. Conclusions - Despite favourable removal capacities for Cd2+,

Cu2+ and MoO4
2- ions, the slow sorption kinetics are likely to 

preclude the use of concrete fines in many industrial wastewater 

treatment systems. However, the high sorption capacity and subsequent resistance to leaching may favour 

the use of recycled crushed concrete fines as a component in reactive barriers for in situ groundwater 

remediation or landfill encapsulation liners.  

5. References

[1] N.J. Coleman, W.E. Lee and I.J. Slipper, J. Haz. Mater., 121(1-3), (2005) p. 203.

[2] Q. Chen, Q. Lan, X. Li, J. Zhou, Z. Yang and Y. Zhou, Environ. Earth Sci., 74(9), (2015) p. 6737.

[3] W. Shin and Y.-K. Kim, J. Soils Sediments, 17(6), (2017) p. 1806.

[4] I. Jelić et al., J. Cleaner Product., 171, (2018) p. 322.

 Image 1. Uptake of metal species by CCF 

Table I. Mix design of concrete 
Constituent Quantity (kg) 

Cement (OPC) 28.32 

Water 11.37 

5 mm aggregate 13.90 

10 mm aggregate 44.22 

20 mm aggregate 43.87 
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