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Heavy metals removal: Why to use solids



Heavy metals removal: Why to use solids

Solid-Liquid Extraction

SBA-15 Silica Monoliths

Wastewater treatment easier with massive solids

Solids can be functionalized with organic moieties 
for specific purposes



Silica monoliths: Sol-gel Synthesis

1. Formation of the siliceous framework : 
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2. Consolidation of mesoporous structure:



1H-NMR Relaxometry

𝒓𝟏 =
𝑹𝟏
𝒐𝒃𝒔 − 𝑹𝟏

𝒅

𝑴𝒏+

Real-time measurement of paramagnetic ion concentration in solution by 1H-NMR Relaxometry

• R1
obs (s-1) = Longitudinal relaxation rate of 

the 1H proton of the paramagnetic solution; 

• R1
d (s-1)= diamagnetic contribution of pure 

water (0.38 s-1 at 298 K and 10 MHz);

• r1 (mM-1 s-1) = relaxivity. 
Increase in the concentration of 
metal captured by the material 

S. Aime et al., Chem. Soc. Rev. 1998, 27, 19-29
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Uptake tests: Comparing metal ions

Sample
mmol Mn+/ g 

sorbent

Captured Mn+ [a]

%

mg Mn+ / g 

sorbent

[DTPA]

(mmol /g)

MONO-DTPA + Cu2+ 0.29 ± 0.01 62.7 ± 0.3 18.48 ± 0.11 0.31 ± 0.01

MONO-DTPA + Co2+ 0.24 ± 0.01 49.2 ± 0.4 13.96 ± 0.12 0.31 ± 0.01

MONO-DTPA + Gd3+ 0.19 ± 0.01 40.0 ± 0.4 30.31 ± 0.34 0.31 ± 0.01

[a] = in reference to the initial concentration value of each metal solution used (10 mM)

Copper is the most highly sequestered 
metal, and the amount of captured 
metal is comparable with the amount of 
ligand present on the material surface

1 : 1  ligand : metal  interaction



Uptake tests: Comparing materials

Sample
mmol Mn+/ g 

sorbent

Captured Mn+ [a]

%

mg Mn+ / g 

sorbent

[DTPA]

(mmol /g)

MONO-DTPA + Cu2+ 0.29 ± 0.01 62.7 ± 0.3 18.48 ± 0.11 0.31 ± 0.01

MONO-DTPA + Co2+ 0.24 ± 0.01 49.2 ± 0.4 13.96 ± 0.12 0.31 ± 0.01

MONO-DTPA + Gd3+ 0.19 ± 0.01 40.0 ± 0.4 30.31 ± 0.34 0.31 ± 0.01

[a] = in reference to the initial concentration value of each metal solution used (10 mM)

MONO-DTPA showed better performances 
than those of clay materials commonly 
used as cation exchangers. 
However, the former occur as massive 
solids and are therefore easier to use, 
while the latter occur as powders.
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