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Abstract: MOF-Fe samples were prepared with HF, HCl, H,O and NaAc as conditioning agents by hydrothermal
method. The characteristics of the samples were studied by X-ray diffraction (XRD), Transmission electron
microscope (TEM), N, adsorption/desorption, thermal analysis (TG/DTG and DTA) and proton potentiometric
titration. Isothermal adsorption experiments of selenite (Se(lV)) on the samples were carried out. Crystal structure
of all samples are same as MIL-100(Fe), and the morphology are octahedral, while the crystallinities and crystal
orientations are different. The BET surface area are 1 683, 1 517, 1 641 and 1 734 m*- g™, respectively, and total
pore volumes of the samples are decreased orderly. The micropore diameter are 1.27, 1.22, 1.22 and 1.17 nm for

MOF-Fe(HF), MOF-Fe(HCI), MOF-Fe(H,O) and MOF-Fe(NaAc). The temperature of decarboxylation of MOF-Fe
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(HF) is highest (415 °C), while its carbonization temperature for benzene ring is lowest (462 °C) compared with
the others. A weight loss caused by redox between iron oxide and carbon appears in MOF-Fe(HCI), MOF-Fe(H,0)
and MOF-Fe (NaAc). The sequence of H* consumed during the process of proton potentiometric titrations for
samples is MOF-Fe(H,0)>MOF-Fe(HCl)>MOF-Fe(HF)=MOF-Fe(NaAc), and pH value of zero point charge (pHzc)
are 3.1, 3.5, 3.6 and 3.5 accordingly. The sequence about the affinity of adsorption for Se(lV) on samples is MOF-
Fe(NaAc)>MOF-Fe(HCI)>MOF-Fe (H,0)>MOF-Fe (HF), and the maximum adsorption capacities ((),) are 77.69,
107.07, 117.40 and 87.15 mg-g™ correspondingly. The (,, of Se(IV) on samples have positive correlation with
density of hydroxyl for samples observably. This study reveals that the thermostability and density of active site of
MOF-Fe are influenced by the conditioning agent when MOF-Fe was prepared. The HF could increase the
strength of C-C between carboxyl and benzene ring, decrease carbonization temperature of benzene ring of MOF-

Fe, and improve the thermostability of iron oxides after heating. While HCI and H,0 could improve the density of

active site in samples, then the (,, of Se(lV) adsorbed on MOF-Fe could be increased.

Keywords: MOF-Fe; conditioning agent; surface properties; adsorption; selenite
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Fig.1 X-ray diffraction patterns (XRD) of the samples

(a) MOF-Fe(HF); (b) MOF-Fe(HCI); (c) MOF-Fe(H,0); (d) MOF-Fe(NaAc)
P 2 B 33 S HL B (TEM) B R

Fig.2 Transmission electron microscope (TEM) of the samples
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Fig.3 N, adsorption-desorption curves of the samples
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Table 1 Pore structural properties of the samples

Specific surface Total pore

Micropore

Pore diameter / nm

Sample area / (m’+ ™) volume / (cm*- ™) volume / (cm®-g™) Peak 1 Peak 2° Peak 3
MOF-Fe(HF) 1 683 1.409 0.596 1.27 2.03 2.50
MOF-Fe(HCI) 1517 1.389 0.496 1.22 2.03 2.50
MOF-Fe(H,0) 1 641 1.274 0.612 1.22 2.03 2.50
MOF-Fe(NaAc) 1734 1.227 0.621 1.17 2.03 2.50

* Peak 2 is shoulder peak in MOF-Fe(HF) and MOF-Fe(NaAc).
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Table 2 Results of proton potentiometric titrations of the samples®

Sample pHa An,* / (mmol -g7) qu"/ (mmol -g™)
MOF-Fe(HF) 3.6 0.125 -0.76
MOF-Fe(HCI) 35 0.142 -0.89
MOF-Fe(H,0) 3.1 0.172 -0.87

MOF-Fe(NaAc) 35 0.125 -0.72

* 0.01 mol -L™ KCI electrolyte solution; * pHzc is the abbreviation of pH of zero point charge; © An . is the

consumption of H* during the pH value of suspension decreased from 6.0 to 3.0; ! gy is the proton potention of suspension

at pH 5.0.
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Table 3 Equilibrium isothermal adsorption parameters of Se(V) by the samples
Sample Freundlich model Langmuir model
k*/ (mg"™"-L"-g™) Un® R Qu/ (mg-gy b/ (L-mg)’ R
MOF-Fe(HF) 2.98 0.53 0.984 87.15 0.007 0.994
MOF-Fe(HCI) 5.74 0.47 0.991 107.07 0.011 0.992
MOF-Fe(H,0) 5.73 0.49 0.986 117.40 0.010 0.995
MOF-Fe(NaAc) 5.69 0.43 0.988 77.69 0.014 0.993

* [ is the constant related to adsorption capacity; * 1/n is the constant related to the adsorption intensity; © (,, is the maximum adsorbate

capacity of the adsorbent; ¢ b is the constant related to affinity and binging energy.
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Table 4 Results of significance analysis about the samples

Surface property

Significant analysis parameter

Sper® Vil Viens' An, e al
Pearson coefficient -0.591 -0.219 -0.225 0.964 -0.364
P 0.409 0.781 0.775 0.036 0.636

Note: * P is Significance level; " Sg is the abbreviation of Specific surface area; *

Vi stand for the total pore volume; ¢ V

stand for the micro-pore volume; © An - is the content of hydroxyl during the pH value of suspension decreased from 5.0 to pHzy. of the

samples; ' gy is the proton potention of suspension at pH 5.0.
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