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With the introduction of Per- and Polyfluoroalkyl Substances (PFAS) in the early ‘90s for

various applications such as firefighting foams, non-stick cookware, and stain-resistant fabrics,

there has been growing concern about its existence in water due to its harmful health effects on

human and animals over time. The chemical and thermal stability of PFAS makes the

breakdown difficult and PFAS environmental persistence makes the removal challenging.

Among all techniques, the adsorption methodology has shown effective performance in

removing PFAS from water. Different adsorbents, including classical powder activated carbon

(AC) and metal-organic frameworks (MOFs) as a new generation of adsorbents have been used

for the removal of short-chain (C<6) and long-chain (C>7) PFAS.

Figure 2. Synthesis approach of  MIL-101 (Cr) through hydrothermal synthesis.
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❖3D crystalline structure
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Figure 4. SEM image of synthesized adsorbents: (a)

MIL-101 (Cr); (b) AC; (c) MIL-101 (Cr)@AC; (d)

MIL-101 (Cr)-NH2; (e) FTIR spectrum of MIL-101

(Cr), AC, MIL-101 (Cr)@ AC, MIL-101 (Cr)-NH2;

(f) XRD pattern of MIL-101 (Cr), AC, MIL-101

(Cr)@AC, MIL-101 (Cr)-NH2.

AC MIL-101 (Cr)@AC MIL-101 (Cr) MIL-101 (Cr)-NH2

1070 nm ± 26.16 1274 nm ± 18.72 586.5 nm ± 2.439 316.8 nm ± 0.577

Adsorbents Surface 

area (m2/g)

Pore size

(nm)

Pore volume

(cm3/g)

AC 1,232.38 5.4568 0.88933

MIL-101 (Cr)@AC 6,955 2.7932 3.44849

MIL-101 (Cr) 2,419.92 2.5995 1.33934

MIL-101 (Cr)-NH2 433.1688 12.2019 0.62669

Table 1. Z-average size of  all the adsorbents at pH 4

Table 2. Surface area, pore size & pore volume of  adsorbents

Figure 5. Zeta potential of  MIL-

101 (Cr); AC; MIL-101 

(Cr)@AC; MIL-101 (Cr)-NH2 at 

room temperature across pH 2-

10 with MOFs concentration 100 

ppm and PFOS concentration 2 

ppm.

Figure 1. PFOS Structure

Figure 3. Structure of  MIL-101 (Cr) MOF

Regeneration

Figure 7 represents the FTIR of all the adsorbents after adsorption. The peaks at 1240, 1205, and

1148 cm-1 correspond to the CF2 and CF3 of PFOS groups, while the band at 1073 cm-1 shows that

the adsorbents contain a PFOS sulfonic group.

Figure 6. Schematic showing possible interactions during the

adsorption of PFOS on MIL-101 (Cr) including electrostatic

interaction followed by hydrophobic interaction, metal coordination

bonding and H2 bonding and adsorption of PFOS on AC by

hydrophobic interaction. The coupling of MIL-101 (Cr) and AC led

to the formation of MIL-101 (Cr)@AC, which will involve all the

interactions possible for MIL-101 (Cr) and AC individually. The

arrows between the chemical structure qualitatively represent the

strength of the interaction between PFOS and adsorbents.

Results

Figure 9. (a) PFOS Adsorption kinetics by (a) MIL-

101 (Cr), AC, MIL-101 (Cr)@AC and MIL-101 (Cr)-

NH2 at 15 min, 30 min, 1h, 2h, 4h, 6h, and 24h, (b)

The same kinetic data from 1h to 4h.

Figure 8. AC had the highest PFOS removal

(93%) followed by MIL-101 (Cr)@AC (81%),

MIL-101 (Cr) (71%) and MIL-101 (Cr)-NH2

(16%).

We will be Synthesizing

MIL-101 (Cr), MIL-101 (Cr)@AC & MIL-101 (Cr)-NH2

Note

❖ All the adsorbents followed pseudo 2nd order 

reaction.

❖ MIL-101 (Cr) and MIL-101 (Cr)-NH2 fitted

Langmuir model while AC and MIL-101

(Cr)@AC fitted Freundlich model.

Figure 10. (a) Adsorption-desorption cycles of AC, MIL-101 (Cr) and MIL-

101 (Cr)@AC using a 50:50 (V/V) mixture of ethanol and water for 3 h; (b)

XRD of MIL-101 (Cr) and MIL-101 (Cr)@AC after 1st regeneration. In the

first cycle of adsorption-desorption, there was around 10% decrease in

adsorption efficiency for AC followed by MIL 101 (Cr)@AC (approx. 15%

decrease) and MIL-101 (Cr) (approx. 20% decrease). This loss in adsorption

could be justified based on the alteration in crystallinity of MIL-101 (Cr) and

MIL-101 (Cr)@AC after 1st regeneration.

The main overall conclusion of the study is that since each of the adsorbents had

specific physicochemical properties controlling the adsorption process and therefore

determining the adsorption mechanisms and performance, a more explicit analysis is

needed to evaluate the effectiveness of each factor on the adsorption.

Figure 11 illustrates the relative impact of important physicochemical properties,

including pore size, surface area, and surface charge, on the adsorption performance

of each adsorbent for systematic comparison.
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