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ABSTRACT 
Fluoride is one of the drinking water contaminants regulated by the 
World Health Organization. The reduction of fluoride concentration to a 
safe range is of paramount importance to human life. Moreover, the fast 
and high-capacity removal of radioactive 18F wastes is still challenging. 
Metal organic frameworks (MOFs) are a hybrid class of materials that can 
diminish such contaminants via both adsorption and catalysis processes. 
In this work, we synthesize three different MOFs and study their 
adsorption behavior towards fluoride ion removal. The synthesized 
materials were characterized using X-ray diffraction, FT-IR and scanning 
electron microscopy. Following investigation we showed that the as-
synthetized materials were highly stable and had significantly effective 
fluoride adsorption performance What is more, the activity of fluoride 
captured by the material Al-Fu MOF is 603 µCi in 40 mg of this material, 
i.e., the removal efficiency is about 98%. 
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INTRODUCTION 

   Fluoride is an important pollutant in drinking 

water in many countries around the globe1. The 

World Health Organization (WHO) recommended 

upper limit of fluoride in drinking water is 1.5 

mg/L, which is also the upper limit for fluoride in 

drinking water for several other countries such as 

Canada, India, Australia, and the European Union, 

although it also allows countries to set their own 

country standards, such as Senegal having a 

country standard of 0.6 mg/L2. The low dosage of 

fluoride in drinking water is considered by many 

to be helpful for dental health3, but an excessive 

intake, most commonly with drinking-water, can 

cause serious health problems, such as fluorosis of 

teeth (dental fluorosis) and bones (skeletal 

fluorosis) and nonskeletal fluorosis, such as 

reduced IQ4. Therefore, the reduction of fluoride 

concentration to the allowed range is urgently 

necessary.  

   In nuclear medicine, Fluorine is used as a 

radioactive tracer in positron emission 

tomography (PET) scans mostly as 

Fluorodeoxyglucose (FDG), which is similar to 

glucose and is taken up at a higher rate by brain 

and cancer cells5. A cyclotron can produce 18F 

mainly by bombarding 18O, a stable natural 

isotope of oxygen, with protons (1H). The target 

materials used can be either in the solid, liquid or 

gas phase. Depending on the form of the target, 

either 18F ion in water or 18F–F2 gas is obtained. 
18F–F2 gas can also be made by shooting 

deuterons at Ne target6. However, radiofluorine 
18F has a short half-life of about 110 minutes and 

decays into oxygen 18O, which emits a positron 

and a neutrino. This means that radiofluorine 18F 

can pose a radiation hazard to the environment 

and human health if it is not properly disposed of 

after use. Therefore, it is necessary to separate 

and remove radiofluorine 18F ions from aqueous 

solutions before they are discharged into water 

bodies or landfills. Solid alumina is routinely used 

for the separation and removal of 18F from the 

solid target in cyclotron7.  

   Kheradpisheh et al.8 investigated the impact of 

drinking water fluoride on human thyroid 

hormones, specifically thyroxine (T3), 

triiodothyronine (T4), and thyroid stimulating 

hormone (TSH). The study found that even low 

levels of fluoride in drinking water can have an 

impact on TSH values, leading to an impairment of 

thyroid function. They recommended the use of 

standard household water purification systems for 

patients with hypothyroidism to remove fluoride 

that interferes with thyroid functions. They also 

identified several other variables associated with 

hypothyroidism, including gender, family history, 

exercise, diabetes, hypertension, and water 

consumption.  

   Yousefi and co-workers9 found a significant link 

between fluoride intake from drinking water and 

hypertension in people living in fluoride endemic 

areas in Iran. People who drank water with high 

fluoride levels had higher odds of hypertension 

than those who drank water with lower fluoride 

levels. Age, sex, BMI, and fluoride level in drinking 

water were significantly associated with increased 

blood pressure. However, fluoride did not have 

significant associations with BMI, hip 

circumference, and waist to hip ratio. These 

findings were very relevant for healthcare workers 

and drinking-water policymakers.  

   The fluoride levels and health effects of drinking 

water from 28 villages in Poldasht city, Iran, were 

examined by Yousefi et al.10. The fluoride content 

varied from 0.27 to 10.3 mg/L (average 1.70 mg/L) 

in the water samples. More than half of the 

samples exceeded the fluoride limit for drinking 

water. The health risk assessment showed that 

young consumers, children, and teenagers in 

different regions of Poldasht city were exposed to 

the highest fluoride levels. The study 

recommended reducing fluoride concentration in 
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drinking water and preventing fluorosis. It also 

urged regular monitoring of fluoride levels to 

protect the population from potential risk. 

   The fluoride levels in drinking water sources and 

the DMFT (Decayed, Missing and Filled Teeth) 

index in 12-year-old students in Behshar city were 

investigated by Mahvi et al.11. They surveyed 300 

students and tested 120 water samples. The 

results indicated that the average fluoride 

concentration of drinking water for one year was 

0.25 ppm, which is below the normal level. The 

average DMFT value was 1.48±0.13 and was 

higher for girls than for boys. The study 

recommended considering other fluoride sources 

in planning public health dentistry programs. The 

study provided useful data on the DMFT 

prevalence and fluoride levels in drinking water 

sources in Behshar city.  

   Metal organic frameworks (MOFs) are highly 

porous crystals with a great potential as 

functional materials of many applications in the 

future12,13. Some MOFs have the ability to capture 

and store voluminous amounts of gas molecules 

(i.e., CH4, H2, N2 and CO2)
14. The fact that structure 

of MOFs can be tailored and chemically 

functionalized to selectively adsorb a specific gas 

in a mixture gives them an enormous advantage 

over other nano porous materials. Furthermore, 

MOFs have a versatile ability to store and release 

gases with fast kinetics and high reversibility over 

multiple cycles. Despite some technical obstacles, 

MOF containing membranes have great potential 

in environmental restoration application. MOF-

containing membranes can be applied for water 

purification15,16. MOFs-based adsorbents have 

been frequently examined for the removal of 

organic17 and metal ions18 pollutants from 

aqueous solutions. The unique properties of 

MOFs, such as tuneable porosities, large pore 

volumes, hierarchical structures, excellent 

adsorption, and regeneration performances 

attracted significant research interest in water 

treatment. The major interaction mechanisms 

between MOFs and organic pollutants in response 

to numerous experimental conditions, such as pH, 

temperature, and coexisting ions19 have been 

intensively investigated. Some conclusions and 

recommendations were drawn for designing 

MOFs with improved adsorption performances. 

   Recently, MOFs have been successfully used to 

reduce the concentration of fluoride in both 

drinking and wastewater to safe ranges20-22. Some 

MOFs have been reported to show high fluoride 

removal capacity and selectivity, such as Al-

MOFs23, Zr-MOFs24,25, and Fe-MOFs26. The 

adsorption mechanism of fluoride by MOFs 

involves electrostatic attraction, ligand exchange, 

and hydrogen bonding. However, there are also 

some challenges and limitations for using MOFs 

for fluoride removal, such as water stability, 

regeneration, and cost24. Therefore, more 

research and development are needed to 

optimize the performance and applicability of 

MOFs for fluoride removal from water.  

   In recent years, the application of MOFs in the 

nuclear field has been significantly increased27-30. 

MOFs were used as sorbents for various gaseous 

and anionic radioactive species such as 129/131I2, 
127Xe, 85Kr, 235/238UO2

2+, 232Th4+, 137Cs+, 90Sr2+, 99TcO4
- 

(ReO4
- ), 79SeO3

2- and 79SeO4
2- 31,32. For instance, 

Qasem et al. have successfully synthesized and 

characterized four new MOFs and tested them for 

Iodine (I2) adsorption in both vapor and liquid 

phases. Their results indicated that Iodine adsorbs 

in MOF structure as I2 and I3
- due to the presence 

of π rings in the MOFs33. It is well known that the 

radioisotope 99Tc combines the feature of long 

half-life and large fission yield, which make it one 

of the most challenging radioisotopes in the 

nuclear industry. Sheng et al. have successfully 

synthesized a novel cationic MOF denoted by 

SCU-100. SCU-100 structure consists of 1D 

channels filled with unbound nitrate anions, in 

addition to coordination Ag+ cations as potential 

open metal sites. This material was examined to 

remove TcO4
– anion from aqueous solution. It 
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showed excellent properties in both kinetic and 

quantitative removal of TcO4
–, and it was better 

than other functional materials used for the same 

application34. Later on, Kang and co-workers have 

synthesized new Nickel-based cationic MOFs (ZJU-

X6), which exhibited high efficiency and selectivity 

toward removal of radioactive 99TcO4
- from 

aqueous solution. Results showed that 99TcO4
- 

trapped in the materials structure through 

coordination with Ni2+ atoms, In addition to 

various hydrogen bonding with organic ligands.  

   In this paper, we extend the work on MOFs to 

examine radio fluoride capture and separation in 

three different MOFs with different metal ions, 

pore size and topology. The results of this work 

may provide useful information to unlock the 

potential of these materials in storage and 

separation applications of ionic radioisotopes and 

help designing new adsorbents with improved 

properties by studying the effect of material 

structure on adsorption properties.  

   The three selected MOFs in this study are three 

of the most studied MOFs in the literature, they 

are MIL-101(Cr), MIL-53 (Al), Al-Fu MOF. The 

crystal structures of these materials are shown in 

Figures 1A–1C. 
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MATERIAL AND METHODS 

   All chemical reagents and solvents were of commercial quality and used as received. Infrared spectra were 

recorded as KBr pellets in the range 400–4000 cm-1 using an FTIR-JASCO 300E. The X-ray powder diffraction 

(XRD) patterns were obtained using a StoeStadi-P diffractometer with monochromatic Cu K·1 radiation 

(λ=1.5406 Å) selected using an incident-beam curved-crystal germanium Ge (111) monochromator, using the 

Stoe transmission geometry (horizontal set-up) with a linear position-sensitive detector (PSD). The Scanning 

electron microscopy SEM were obtained using OnTescan Vega II XMU SEM.  

   18F was provided as commercial available kit produced by Atomic Energy Commission of Syria. In a hot cell, 

A solution of Na18F (306 mCi, 601 mCi, 511 mCi in 1ml) was passed into 3 filters contain 40 mg (newly 

activated) of MIL-101(Cr), MIL-53(Al) and Al-Fu MOF respectively. After total filtration the radioactivity of the 

filter was measured using gamma detector and the percentage of the uptake radiofluorine in the filter was 

determined using the relation: 

 

 

   The synthesis, purification and activation of MIL-101(Cr) were explained in detail in our previous work35. 

MIL-53(Al) was synthesized by a solvothermal method using aluminum nitrate as the aluminum source and 

1,4-benzenedicarboxylic acid (H2BDC) as the organic ligand. according to the same method of Mil 101 

synthesis with some modifications. Briefly, a mixture of 800 mg (2mmol) aluminum nitrate and 332 mg 

(2mmol) Terephthalic acid and 40 mg (2 mmol) Hydrofluoric in 10 ml distilled water was heated at 200 ºC for 

8 h in a Teflon-lined stainless steel reactor. After cooling, the product was separated from water by 

centrifugation at 5000 rpm for 10 minutes. In order to remove the incorporated terephthalic acid, the white 

solid precipitate was first washed 2–3 times with distilled water and then 1 time with methanol and acetone 

respectively. Finally the product was treated with N,Ndimethylformamide (DMF) at 70 ºC for 21 hours, after 

that the suspension was centrifuged at 5000 rpm for 10 minutes, the product was washed again with 

methanol and acetone respectively, then heated at 75 ºC for 21h. Activation of MIL-53(Al) was carried out by 
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drying under vacuum at 100 ºC for 12 h. Al-Fu MOF was synthesized using aluminum sulphate 18 hydrate 

(Al2(SO4)3²18H2O) and fumaric acid according to the method described in the literature with some 

modifications36. 18.55 g of Al2(SO4)3·18H2O was added to 79.5 ml of water in a round bottom flask and 

heated at 60 ºC for one hour. Another solution consisting of 4.75 g NaOH and 6.45 g fumaric acid in 95.5 ml 

water was added to the solution at 60 ºC for two hours with slow stirring. After cooling, a white precipitate 

of aluminum fumarate was formed and separated out by centrifugation at 5000 rpm for 10 minutes. The 

precipitate was washed 5 to 6 times with distilled water and then 1 time with methanol and acetone 

respectively, the material was dried in a vacuum oven at 100 ºC for 24 h. The Al-Fu MOF obtained using this 

method was around 3.0 g. Activation of Al Fu MOF was carried out by drying under vacuum at 150 o C for 5 h 

and then at 180 ºC for 2 h. 

 

 

RESULTS 

1. Characterization of MIL-101(Cr), MIL-53(Al) and Al-Fu MOF  

   The compounds were characterized using X-ray scattering technique in order to match the 
crystalline structures of the synthesized materials with the expected structures by comparing the 
experimental X-ray scattering spectrum for each material with the theoretical spectrum calculated 
from the crystal structure of the material. Image of the manufactured materials were also taken 
using a scanning electron microscope in order to determine the grain size of the formed crystal 
structures. Figures 2A–2C shows the experimental and theoretical X-ray scattering spectrum for (2A) 
MIL-101(Cr), (2B) MIL-53(Al), and (2C) Al-Fu MOF. 
      
   We noticed from the comparison between the experimental spectrum (black blank dots) and the 
theoretical spectrum (the solid blue line) for the three materials, a correspondence between the 
locations of the peaks and the relative intensities, which indicates the formation of the structures 
required for the three materials. The difference between the experimental and theoretical spectrum 
(especially in the material MIL-53) results from many reasons, the most important of which are: the 
lack of complete crystallization of the material and not completely getting rid of the solvent used 
during the synthesizing process, as some particles remain stuck in the nano-pores of the material in 
addition to the presence of some impurities which share some peaks in the combined spectrum. 
 
   The morphology of the manufactured materials were determined using scanning electron 
microscope (SEM) images based on the signals given by the atoms in the sample. In general, 3 to 5 
images were taken for each sample using SEM. The process is set up so that the image is random 
and covers all ranges of sizes in the sample. Figures 3–5 show SEM images taken from samples at 
different magnifications. In general, we notice the presence of crystals of different sizes, where the 
crystal dimensions range between 100–500 nm for (Figure 3) MIL-101 (Cr), 5–10 µm for MIL-53 
(Figure 4) and 50–100 nm for (Figure 5) Al-Fu MOF. The particle size of the manufactured materials 
in our case is similar to that reported in the literature for other MOFs materials with the exception of 
MIL-53 which exhibits a large particle size compared to other MOFs materials. Particle size is 
affected by many factors such as nucleation, crystal growth and super saturation. In the case of MIL-
53 the activation energy of crystal growth is higher than that of crystal growth, and the increase in 
the temperature of the reaction components when synthesizing the material leads to a reduction in 
solution super saturation by increasing the solubility and as a result, large-sized granules are 
obtained. 
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   The characteristic FTIR bands of MIL-101(Cr) were explained in details in our previous work35. These bands 

included the C = C stretching vibration at 1505 cm-1, the C-H deformation vibration at 1160, 1018, 884, and 

750 cm-1, and the characteristic bands of framework –O–(C = O)– groups at 1430 and 1555 cm-1 37. In 

addition, the most intense signals at 1385 and 1555 cm-1 were ascribed to the stretching vibration for the 

carboxylates. (See Figure 6) The IR spectra (Figure 7) of MIL- 53 (Al) exhibit vibrational bands in the usual 

region of 1695 cm-1 for the carboxylic function. two absorption bands, located at 1597 and 1509 cm-1, can be 

assigned to -CO2 asymmetric stretching, whereas bands at 1439 and 1414 cm-1 can be assigned to -CO2 

symmetric stretching. These values are consistent with the presence of CO2 groups that are coordinated to 

aluminum. Figure 8 shows FTIR analysis taken for Al-Fu MOF. In general, we observed that the Al-OH stretch 

and the OH stretch at 577 and 3705 cm-1. two absorption bands, located at 1613 and 1475 cm-1, can be 

assigned to -CO2 asymmetric stretching. 
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2. Radiofluorine-18 Adsorption  

Table 1 summarizes the measurements of radioactivity of the three filters containing  MOFs before 

and after 18F Filtration. Results showed that 40 mg of Al-Fu MOF can adsorb 98% (603 µCi) of 

radiofluorine 18F. Same experiment was repeated in same conditions using MIL-101(Cr), MIL-53(Al) in 

the filter as reference compound. The results showed that the capture of radioactive fluorine on the 

MIL-101(Cr), MIL53(Al) filters were 68.6 and 86.84%, respectively. Therefore, Al-Fu MOF can be used 

as candidate agent for radio-fluorine capture in hot cells. 

 

 
 

 

  

CONCLUSIONS 

   In this work, experimental study was conducted for the possibility of using MOF compounds in the 

applications of capturing radioactive fluorine ions. Three MOFs of different metal clusters, topology and pore 

size were selected and synthesized. The resulting compounds were characterized using different techniques, 

and then the adsorption of radioactive fluorine on these materials was studied. The results showed the large 

ability of some of these compounds to capture fluorine ions, where the amount of activity captured in the 

material Al-Fu MOF About 603 µCi in about 40 mg of this substance (98%). 
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