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Defluoridation of contaminated water plays an important part in supply of drinking water to the public within the safe permis-
sible limit. This study emphasizes on summarizing the development and performance of adsorbing materials called metal or-
ganic frameworks (MOFs) used in defluoridation studies. For fabrication of MOFs, multivalent metals like Zr, Fe and La are
used with crosslinkers like fumaric acid (FA) and chitosan. Characterization of MOFs are done by various techniques like SEM,
FTIR, EDAX, etc. MOFs have improved defluoridation capacity, which is affected by several variables like time of contact,
sorbent dose, pH, temperature and influence of co-ions etc. The adsorption data is form-fitted with different isotherms. En-
dothermal-dynamics of the defluoridation process affects its feasibility. Field samples taken and tested with MOFs have been

found to diminish the fluoride quantity below the tolerance limit.
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Introduction

Fluoride is one of the main toxic elements presentin water
bodies which can enter in water sources by natural or an-
thropogenic activity!. Fluoride is a fundamental micro nutri-
ent for humans in averting dental carries?. Depending on
dosage of fluoride in water it will cause harmful and benefi-
cial effects on human health. With the rapid development of
industrialization, environment pollution is a possible global
catastrophe®. Excess consumption of fluoride can lead to
adverse health impacts on humans like dental and bone fluo-
rosis?. According to WHO, fluoride is thought to be advanta-
geous at a level about 0.7 mg/L but harmful on human well-
being if it surpasses 1.5 mg/L*. Therefore, removal of fluo-
ride from polluted water is important. Several methods have
been developed such as adsorbing media®, ion-exchangers®,
membranes’ and electrodialysis®. From the above methods,
adsorption is chosen due to its ease of operation and lower
cost. Some adsorbents used are activated carbon, metal
oxides and polymeric materials®. These traditional adsorbents
have some limitations like poor adsorption capacity, a slim
working pH range and bad mechanical sturdiness©.

Metal organic framework (MOF) synthesized by using
metal ions in conjunction with organic ligands (crosslinkers)
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have been expansively explored as structured high porosity
sorbents'"12. The greatest advantage of nanomaterial MOF
with respect to traditional adsorbents is that their pore size
and sorption surface area can be finetuned by selectivity of
diverse metallic ion-organic-ligand combination'3.

If adsorbents with more practical applicability in de-fluo-
ridation of water are to be made, sorbents based on
nanomaterials have to be utilized!. Nanomaterial based
adsorbents are widely used owing to their great affinity to-
wards fluoride contaminants'4. Nanomaterials of graphene
oxide have been used to provide an organic mesh for the
interaction of metal ion with the crosslinker'6. Zirconium
based anion exchange resins impregnated into a graphene
oxide (GO) nanoparticle mesh were used for scavenging of
fluoride from water. It saw fast fluoride exchange rates, with
a whopping equilibrium period of 5 min'7. A Zr(1v)-chitosan
(CS) MOF membrane showed fluoride sorption capacity of
48.26 mg/g'8. In another study, Zr-CS/GO hybrid membrane
was able to achieve defluoridation by exchanging ions as a
result of Zr-F formation. This MOF was seen to have a wide
active pH range and a sorptionof 29 mg/g'®.

In 2010, researchers stated the use of MIL101 (Material
Institute Lavoisier) for the elimination of organic dyes20. Very
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recently, the application of MIL96 was first reported for fluo-
ride scavenging?. Regrettably, Al based MOFs are unsafe
due to the enduring Al ions even after treatment. There are
some non-toxic iron-based MOFs (MIL53, MIL88A and
MIL100) that have shown promise. MIL88A is a three dimen-
sional porous system of oxo-centered trimers of Fe octahe-
dra inter-connected using FA ligands?".

Synthesis of MOFs

MOFs are prepared by the use of a multivalent metal and
an organic polymer linker. In this section, synthesis proce-
dures for MOF-based adsorbents have been discussed along
with the materials required in the process. Specific focus was
given to MOFs used in the removal of F~ from polluted wa-
ter.

Zirconium MOF:

Zirconium as metal Zr** and FA as organic polymer were
chosen for the synthesis of this MOF. Zr** was selected be-
cause it is easily available, cost-effective and has satisfac-
tory removal efficiency. The advantage of fumarate-based
MOF are truncated costs and relaxed operation?2-24. Zirco-
nium oxychloride (ZrOCl,) and the organic polymer FA was
used as N, N-dimethyl formamide (DMF). Ethyl alcohol, NaCl,
NaNO,, Na,SO,, NaF and acetone were bought from suit-
able sources. Zirconium fumarate (Zr@Fu) was prepared by
the hydrothermal technique2528. Zr-oxychloride and FA were
liquefied in DMF at STP. The subsequent solution was trans-
ported to a Teflon coated autoclave and heated for 1 day.
The product was then washed and oven dried.

Iron MOF:

Fe based MOFs, chiefly that based on iron coordinated
with FA (MIL88A) have been utilized for defluoridation. Ma-
terial used are FA (HO,C-C,H,-CO,H) and FeCl;.6H,0. The
fluoride ion stock (1000 ppm) was made with NaF in DI wa-
ter. The iron-based MOFs such as MIL53, MIL100 and
MIL101 were arranged following the stated technique?’~32.
Here, FeCl;.6H,0 and FA were dissolved in DI water. The
mixture was stimulated gradually and then transferred into
an autoclave for heating. After refrigeration to STP, the at-
tained product was purified composed by centrifugation,
washed and finally dried overnight at 120°C.

Aluminum MOF:
Aluminum MOF was also formed by hydrothermal analy-

sis%2. For making aluminum fumarate materials used are alum
Aly(SO4)5.18H,0, fumaric acid and sodium hydroxide, NaOH.
Equipment used here are glass reactor.

MOF was prepared by adding these chemicals in suit-
able amount in the deionized water and heated. Another so-
lution is prepared by adding fumaric acid and NaOH in wa-
ter. After heating, a white coloured precipitate of aluminum
fumarate was obtained and isolated by the action of centrifu-
gation. Some untreated reagents are present which are
washed several times by using water.

Lanthanum MOF:

Materials used for making this MOF are benzene-1,4-
dicarboxylic acid (BDC), LaCl;, NaF, Na,SO,, DMF, NaHCO,,
NaCl and NaNO,. Lanthanum MOF was molded by hydro-
thermal method®3%*. LaCl,.7H,0 and BDC, 2 mmol each
are completely dissolved in DMF at ambient temperature. A
similar procedure to the MOFs mentioned earlier was fol-
lowed in synthesis.

Cesium MOF:

Ce ion implanted MOF (MIL96) was made with 1,3,5-
benzentricarboxylic acid (H;BTC), Ce(NO3)5 and Al(NO5)s.
A similar procedure to the MOFs mentioned earlier was fol-
lowed in synthesis®.

Characterization studies
Zirconium MOF:

Functional groups present in Zr@Fu MOF are studied by
FTIR spectroscopy. FTIR functions on certain range of wave-
length. There are some fixed wavelengths where MOF com-
posites showed sharp peaks.

It confirmed the immediacy of carboxyl and carbonyl
groups between 1400 and 50 cm~". A sharp band peak at
1656 cm~" in fluoride adsorbed Zr@Fu was attributed to the
electrostatic attraction amid the fluoride and the MOF Zr@Fu.
Wavenumber 3452 cm~" in Zr@Fu designated that the hy-
droxyl OH™ ion groups had been merged into the composite.
In some instances, the peaks in virgin MOF reduced due to
substitutable hydroxyl ions displaced by F~ in the loaded
MOF22—24_

Iron MOF:

The crystal structure and surface morphology of the syn-
thesized sample were studied by X-ray diffraction (XRD) and
scanning electron microscope (SEM) analysis. The XRD
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Table 1. Optimum values of parameter which affect the fluoride adsorption

Sl. MOF pH Adsorbent dose Temp. Contact time Concentration fluoride Adsorption capacity Ref.
No. ©@ (K) (min) (mg/L) (mg/g)

1. Zr 5 0.05-0.25 303 30 10 4.920 25,26
2. Fe 6 0.6964 298 10 10 40.42 27,32
3. Al 7 1.5 293 20 30 600 32
4, La - - 298 - 3.68 49 33,34
5. Ce 6 0.59 298 20 10 38.65 35

analysis clearly confirmed that the synthesized product was
crystalline solid in nature?’-32. No diffraction peaks of impu-
rity were seen, representing the formation of MIL88A. The
obtained MIL88A product looked like thin projections with
slight size distribution in SEM.

Aluminum MOF:

Gold coated samples were studied by SEM. Surface area
and pore diameter for Al@Fu were attained from by Brunauer-
Emmett-Teller examination at 77 K. The changes in physical-
chemical properties of the Al@Fu were found by thermogravi-
metric analysis32.

Lanthanum MOF:

FTIR spectra of La@BDC pre and post adsorption were
portrayed. In La@BDC, 1400-1700 cm~" designated the
characteristic vibrational frequencies of groups: carboxyl or
carbonyl. XRD analysis was used for determination of crys-
talline nature of La@BDC. SEM of the La@BDC pre and
post fluoride adsorption were inspected3334,

Experimental studies
Batch studies:

The defluoridation experiments were performed in batch
method to find out the effect of different parameters which
affect behavior of pollutants present in contaminated water.
Here we establish the relation between adsorbent and pa-
rameter present in water which affect the adsorption capa-
city of adsorbent®*.

Parameters affecting MOF efficiency:

Effect of contact time was studied to determine the equi-
librium contact time for maximum F~ sorption. It was shown
that Zr-MOF composites got to equilibrium at a minimum
contact period of 30 min22-24,

pH is an important variable interfering with defluoridation.
The adsorption of F~ onto MOF was carried out at different
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pH levels and by keeping remaining parameters stable. High-
est defluoridation capacity was seen at low pH, and lower
most at high pH22.

Effect of adsorbent dose is also one of the significant
parameters affecting adsorption. MOF active sites increase
with dosage, which helps to adsorb greater number of fluo-
ride ions'6:36:37 Initially, the adsorption was quick (up to cer-
tain limit of removal of fluoride ion). Further adsorbent addi-
tion created no effective active sites. Equilibrium batch study
parameters from different case studies have been mentioned
in Table 1.

Effect of co-existing ions:

In general, polluted waters always contain some co-ex-
isting ions along with F~, which may contest with F~ for ac-
tive adsorption sites2. Co-existing anions which were present
in the contaminated water were Ci~, NO,~, CO,%and SO,
Concentrations of CI", NO;™ and 8042‘ were found to be
less significant compared to 0032‘. Adsorption capacity de-
creased as the concentration of CO4%" increased. Effect of
co-existing ions was measured while preserving all other
parameters constant at STP.

Statistical tools:

Subsequently plotting sorption isotherms from equilibrium
information, statistical tools were used to regulate goodness
of fit. The goodness of fit of each model was deliberated
using standard statistical methods like y2-analysis. Regres-
sion coefficient (R?) and deviation were designed accord-
ingly to confirm the most appropriate isotherm model for fluo-
ride sorption studies3®.

Conclusion

MOFs are synthesized using a multivalent metal ion and
an organic crosslinker. Metals like Zr, Fe and La are used
while crosslinkers like FA and chitosan are utilized.
Nanomaterials of graphene oxide have also been used to
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provide an organic mesh for the interaction of metal ion with
the crosslinker. The MOF composites show defluoridation
capacities as high as 4920 mg F~/kg. The defluoridation ca-
pacity is affected by pH and the presence of carbonate
groups. The sorption of fluoride on MOFs usually follows the
Langmuir isotherm, with the nature of the reaction being spon-
taneous and endothermic. The fluoride-MOF interaction at
microscopic level is generally because of electrostatic pull
and ionic competition. The outcomes of field studies validate
that MOF composites could be used as hopeful de-fluoridat-
ing ingredients for safe water supply.
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