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4. Conclusions

In summary, A-M-S-MNPs as a novel magnetic sorbent with a
mesoporous shell has been synthesized using APTES as the surface
modification agent. XRD, FTIR spectrum, TEM, EDX, elemental
analysis, TGA/DTA techniques were used for the chemical and

structural characterization of the adsorbent. Furthermore, the
imine reaction and ninhydrin test were applied to confirm that the
grafted APTES molecules on the surface. Comparison between the
amount of APTES loading from three methods TGA/DTA, elemental
analysis and the imine reaction showed that the grafted APTES
molecules exist predominantly as their non-hydrolyzed form. High
adsorption capacity (34.25 mg/g at 298 K) for Cr(VI) removal at
pH¼ 2 refers to a favorable degree of site-isolation of the functional
groups (the distance between the two or more functional groups).
In lower distance, intramolecular hydrogen bonds between adja-
cent amine groups form. This leads to blocking of the pores and
decreasing of surface functional group protonation, which both of

them decline the adsorption capacity. In higher distance than op-
timum one, the functional groups on the surface reduces and leads
to lower adsorption capacity. As a result, A-M-S-MNPs could be
used as a promising adsorbent for the removal of Cr(VI) fromwater
and acidic industrial wastewater samples. In strong acidic condition
A-M-S-MNPs is stable and �NH3

þ groups on surface provide suit-
able adsorption sites.
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