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Slag characterization
Chemical composition of BFS was determined using X-ray Fluorescence (XRF, Axios Advanced WDXRFP analytical, Netherland). The detection limit for each element reported as metal oxides. The mineral composition was investigated using X-ray diffraction (Bruker D8 Advance diffractometer, Germany), with Cu-Kὰ radiation (40 kV, 40 mA) (λ = 1.5406 Å in a 2θ range of 10 - 70°). Microscopic structural investigation of BFS components was performed by field emission scanning electron microscope (FESEM, QUANTA FEG 250 manufacturers, Holland) with an EDX unit (JEOL, JSM-4510, Germany).
The surface area was determined by the nitrogen adsorption technique (Brunauer-Emmett-Teller (BET) isotherm) at 77 K using a Quantachrome instrument (Nova Series, UK) of degassed samples at 100°C for 5h. A thermostatic shaker model (GFL3017, Germany) was used for shaking during experimentations with a constant rate. The adsorbents were separated using a centrifuge (Sigma, Germany) at a speed of 8000 rpm to achieve complete separation. 




Table S1. Surface structure of BFS under N2
	Specific surface area (m2 g-1)
	pore volume
(cc/g)
	average pore size
(nm)

	19.315
	0.018
	3.144








Table S2. Physical and chemical properties of the studied metals (Nightingale 1959) (Volkov et al. 1997)
	Element 
	Atomic mass
(g/mol)
	Atomic radius
(Å)
	Ionic radius
(Å)
	Hydration Energy
 (KJ mol–1)
	
Charge density*
	Hydrated ionic radius
(Å) 
	Solubility product constants of metal hydroxide (25°C)

	Co
	58.93
	1.67 
	0.65 
	–1996
	2.7778
	2.10 
	1.3 ×10-15

	Pb
	207.20 
	1.81 
	1.32 
	–1480
	1.6667
	4.01 
	1.43×10-20


* Charge density = charge / ionic radius
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Fig. S1. Reusability performance of BFS for Co2+ and Pb2+ ions removal.










Table S3. Comparison of Pb2+ and Co2+ removal from wastewater using different slag adsorbents.
	Adsorbent
	Adsorption capacity (mg g−1) or % Removal
	Adsorption isotherm
	Kinetic model
	References

	
	Pb2+
	Co2+
	
	
	

	Steel slag
	32.3
	
	Langmuir
	*NR
	(Feng et al. 2004)

	Iron slag
	95.2
	
	Langmuir
	*NR
	(Feng et al. 2004)
	Iron oxide-coated sludge
	42.4
	
	Langmuir
	PSO
	(Phuengprasop et al. 2011)

	Oxalated blast-furnace slag
	
	576
	Sips
	PSO
	(Le et al. 2021)

	Granulated blast-furnace slag
	97%
	
	Freundlich
	*NR
	(Dimitrova and Mehandgiev 1998)
	Bentonite-Steel Slag Composite
	29.8
	
	Langmuir and Brunauer Emmett Teller (BET)
	PSO
	(Zhan et al. 2019)
	Basic oxygen furnace slag (BOFs)
	98.3
	
	Freundlich
	PSO
	(Xue et al. 2020)
	Electric induction furnace slag
	34%
	
	*NR
	*NR
	(Mercado-Borrayo et al. 2020) 

	Blast furnace slag (non-modified)
	30.2
	43.8
	Freundlich
	Avrami
	This work


*NR: not reported by the author.
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