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Abstract  

 

Metals Organic Frameworks (MOFs) are promising crystalline, embrittled materials 

generally produced in powdering form with varied remarkably functionalities. In contrary, 

polymer are flexible and processable materials. Therefore, obtaining  shaped solids gathering 

polymer malleability and MOFs properties such as their photocatalytic activities, have 

attracked many reasearchers attention. This work, report the successful fruitful incorporation 

of two different Fe-based MOFs into a polymer matrix via a facile and cheap 

photopolymerization process upon mild visible light irradiation at 405 nm. The as-prepared 

photocomposites displayed excellent stability and photocalytic performance for several Acid 

Black degradation cycles. Hence, approximatively, 95% of this model dye was decomposed by 

the two MIL-100(Fe)/polymer and MIL-88A(Fe)/polymer composites under juste 30 min of UV 

lamp irradiation. Incorporation of the MOFs into the polymer was confirmed by several 

techniques including Scanning Electron Microscopy (SEM), Energy-dispersive X- ray analysis 
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(EDX), Transmission Electron Microscopy (TEM), X- Ray Diffraction analysis (DRX), Fourier-

Transform Infrared Spectroscopy (FTIR). Furthermore, these photocatalysts exhibited a high 

thermal stability, excellent rigidity and low band gap energy characterized by 

Thermogravimetric Analysis (TGA) Atomic Force Microscopy (AFM), Dynamic Mechanical 

Analysis (DMA) and UV-Visible diffuse reflectance spectroscopy, respectively. 

 

 

1. Introduction  

 

Metal Organic Frameworks are a class of porous and crystalline materials that have 

captivated attention of many researchers during the last few decades. These hybrid 

inorganic/organic solids are constituted by metal or metal clusters connected in a three 

dimensional structure by polyfunctional organic molecules1,2.  Thanks to the countless 

possible combinations between metal ions and ligands, numerous MOFs can be designed and 

developed with specific properties depending on the desired applications2. Indeed, the 

different flexible chemical and physical properties of MOFs including their huge surface area, 

high controllable internal volume and chemical stability, have allowed their applications in 

several fields such as separation processes3, biomedicine4, gas storage5, photoluminescence6 

and catalysis7. 

Thanks to their semiconductor’s properties, MOFs have been recently used for 

removing different organic pollutants such as dyes8, pesticides9, pharmaceuticals9,10, personal 

care products9 and heavy metals11 from water effluents. In fact, the photocatalytic behavior 

of these materials emerges from the coordination between the metal and the oxygen of the 

ligand forming metal-oxide cluster which could exhibit photocatalytic performance12. Previous 

studies on MOF-5 (Zn4O(BDC)6) have demonstrated the semiconductor behvior of this MOF 

which is one of the first used MOFs as photocatalysts1,13. In fact, the organic linkers, excited 

under irradiation, activate the MOFs metal clusters  considered as inorganic semiconductors 

via linker-to-metal cluster charge transfer (LCCT)13. Previous studies on the photoluminiscence 

of MOF-5 have also cofirmed the possibility of this matrial to act like photocatalyst1. Since 

then, several MOFs based chrominium, titanium, aluminium and zirconium were applied in 

the photocatalytic field14,15. 
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Thanks to the large earth abundance and the low-cost of the iron, Fe-based MOFS 

became one of the most interesting and attrative MOFs among those reported in the literature 

and used as photocatalysts14,16. Moreover, owing to the presence of the Fe-O cluster, the iron 

based MOFs exhibit high absorption in visible region which make them more promising and 

advantageous for phototcatalytic applications14–16. Examples of their high photocatalytic 

performances were reported previously by Li et al. who compared the adsorption and 

degradation of acid orange 7 via the generation of higly reactive radicals from activated 

persulfate by four different MIL Fe-based MOFs17. Liang et al. have also applied the MIL-53(Fe) 

as photocatalyst for the simultaneous reduction of Cr(IV) and oxidation of organic dyes, 

methyl orange and rhodmine B under visible light18.  

The different interesting propreties of MOFs including their large surface area, their 

semiconductor behavior, their low-cost and ease of synthesis have make them very attractive 

for several applications fields19. However, these catalysts are generally synthesized in powder 

dispersed form with poor chemical stability and processability which limit their catalytic 

applications where shaped catalysts are generally more desired. Indeed, thanks to their 

enhanced mechanical properties and their resistance to high applied wastewater flow, 

immobilized photocatalysts can be recycble and reuse through facile processes, avoiding then 

supplementary expensive and time-consuming regeneration steps20–23. Therefore, 

immobilizing MOFs into suitable matrix was an interesting solution to overcome these 

catalysts disadvantages20.  In this context, Chang et al. have developed a structured SiO2/MIL-

100(Fe) membrane characterized by an important catalytic efficiency for the degradation of 

Rhodamine B under visible irradiation20. Thanks to polymers exceptional properties including 

chemical and thermal stability as well as their flexibility and good mechanical properties, 

associating them with MOFs inside or outside their pores, was also a considerable solution to 

enhance the workability and the processability of these materials21,24. Indeed, Zhang et al. 

have modified the surface of different MOFs by their association with PDMS layer, deposited 

via a thermal process, ameliorating then the MOFs stability towards water degradation25.  The 

same group have also reported the hybridization of UiO-66-NH2 MOF functionalized by 

methacrylate anhydride  polymerizable functional groups, with butyl methacrlyate under UV 

light irradiation, obtaining then an elastic membrane with enhanced separation proprties26. 
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 In this study, we report the successful synthesis of a new Fe-based MOF/polymer 

composites, by a facile, green and rapid post photopolymerization process, realized at 

ambient temperature and withtout the release of volatil organic compounds27. The obtained 

shaped hybrid materials gathered the good processability, maellability and robustenss of the 

polymer as well as the remarkable photocatlytic activities of the MOFs towards the 

degradation of organic pollutants when exposed to irradiation sources. This strategy 

facilitated then their applications in the photocatalytic filed where high pollutant flow rate are 

generally applied at the photocatalysts, and especially their recovering and regeneration 

avoiding then the time-consuming steps of filtration or centrifugation usually carried out at 

the end of the photocatalytic process. 

 The stability, surface structure, porosity, optical and mechanical properties of the 

developped MOF/polymer photocomposites were fully characterized by several analytical 

techniques such as Thermogravimetric Analysis (TGA), Transmission Electron Microscopy 

(TEM), Scanning Electron Microscopy (SEM), Energy-dispersive X-ray analyses (EDX), X- Ray 

Diffraction analysis (DRX), Fourier-Transform Infrared Spectroscopy (FTIR), BET specific 

surface area, Dynamic Mechanical Analysis (DMA), Atomic Force Microscopy (AFM) and UV-

Visible diffuse reflectance spectroscopy. Furthermore, the newly developped materials exhibit 

high photocatalytic efficiency for the removal of Acid Black from water under UV lamp 

irradiation and without the addition of oxidatives chemicals, even after several photocatalytic 

cycles. Acid Black was targeted as model dye to test the photocatalytic ability of the Fe-based 

MOF/polymer composites, because of its hamrful impacts in the environment, its cariogenic 

effects and its massive presence in the texitle industries sewages28,29. Degradation routes, 

were also studied based on different scavenging experiments under air and under N2. Such 

applications of MOFs were fewly reported in the litteratue, however these catalysts were 

generally used as powdred samples, not as immobilized or shaped ones30. 

 

2. Experimental section 

2.1. MOFs synthesis 

2.2. Other chemicals compounds 



5 
 

Trimethylolpropane triacrylate (TMPTA from Allnex) was chosen as monomer for composites 

develeopement. Bis(4-tert-butylphenyl) iodonium hexafluorophosphate (Iod or Speedcure 

938), phenyl bis(2,4,6-trimethylbenzoyl) phosphine oxide (BAPO or Speedcure BPO), used 

together as a photoinitiator system, were obtained from Lambson Ltd (UK). EDTA 

(Ethylenediaminetetraacetic acid), 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) and Acid 

Black dye  were obtained from Sigma Aldrich. 4-Methoxyphenol (MEHQ) and titanium dioxide 

(predominantly rutile and anatase) were purchased from Alfa Aesar. Structures of the 

chemicals used in this paper are represented in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Structures of the chemicals used in this work. 

 

2.3. Photopolymerization experiments 

In this study, MIL-100(Fe) and MIL-88A(Fe) MOFs were immobilized in a triacrylate monomer 

(TMPTA) via a free radical polymerization process, under air and using BAPO and the iodonium 

salt as a photoinitiator and co-initiator, respectively. The obtained light sensitive resins were 

placed in a mold to define the final form of the composites (thickness = 1.3 mm), and irradiated 

by a Light Emitting Diode LED@405 nm (I0 = 100mW/cm2). Photopolymerization conversion 
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rates were evaluated  by monitoring the gradual change of the TMPTA double bond located 

at 4730 cm-1 for thick samples via a real-time Fourier transform infrared spectroscopy. 

2.4. Photocatalytic activity  

Photocatalytic efficiency of MIL-100(Fe)/polymer and MIL-88A(Fe)/polymer composites were 

investigated by Acid Black photodegradation upon an Omnicure Dynamic lamp, series 1000 

lumen (I0 = 250mW/cm2, =320-520nm). The intital concentration and volume of the Acid 

black were equal to 15mg/L (24.25 µmol/L) and 4ml, respectively, since the photodegradation 

experiments were carried out directly in the analysis cuvette where the photocomposites 

pellet were added ih the aqueous solution. pH of the solution was equivalent to 5.9. 

The evolution of the model dye concentration was investigated by monitoring its aborbance 

at 618 nm over time, performed by a JASCO V730 spectrophotometer. The degradation dye 

rate at different irradiation times was calculated by the following formula (eq.1):   

Dye conversion = (1 −
𝐴𝑏𝑠 𝑡

𝐴𝑏𝑠 𝑡=0
) ×100 (eq.1) 

Where 𝐴𝑏𝑠 𝑡 = 0 and 𝐴𝑏𝑠 𝑡 are the measured Acid Balck absorbances before and after a given 

time (t) of irradiation. 

2.5. Composites stability 

2.5.1. Stability in water  

Swelling tests were realized by immersing composites and polymer in water for 24h. The 

swelling ratio were evaluated using the following formula (eq.2):  

Swelling = (
Ws

Wd
− 1) × 100    (eq.2) 

Where Wd is the initial weight of the material and Ws is the weight of swollen material. 

Also, the dry extracts of the different developed materials were calculated after the swelling 

experiments by drying them in an oven at 50° C for 1h.  The dry extract was estimated using 

the following formula (eq.3): 

Dry extract = 
Wsd

Wd
 × 100   (eq.3) 

Where Wsd = Weight of dried materials after swelling.  
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2.5.2. Thermal stability 

The Thermogravimetric Analysis (TGA) experiments were carried out by a TGA Mettler Toledo 

TGA/DSC3+, at temperatures between 30°C to 800 °C, at heating frequency of 10 K/min under 

a dry airflow of 100 mL/min.  

2.6. Composites characterization 

2.6.1. Morphological characterization 

Morphological characterization was carried out by a JSM-7900F Scanning Electron Microscopy 

(SEM) from JEOL, possessing an annular detector from DEBEN for transmission images.  

2.6.2. Chemical analysis 

A QUANTAX double detector from Bruker, was used to realize Energy-dispersive X-ray 

analyses. 

2.6.3. Composites structural characterization  

X-ray diffraction experiments were carried out using a Panalytical X'Pert PRO diffractometer 

equipped with a Cu X-ray tube (CuKa = 0.1542 nm) operating at 45 kV and 40 mA, and a PIXCel 

detector. 

Fourier transform infrared absorption patterns were obtained in the range of 650–4000 cm-1, 

by a thermo scientific is-50 FTIR spectrometer, using a diamond golden gate ATR accessory 

(GRASEBY) from SPECAC. 

2.6.4. Composites surface topography and rigidity  

Atomic Force Microscopy (AFM) technique was applied for the determination of the 

roughness and the elastic modulus of the different MOF/polymer composites and the 

polymer. A Bruker Multimode IV, with a Nanoscope V controller and an E “vertical” scanner 

(Bruker), and a Peak Force Quantitative Nanomechanical Mapping (PF-QNM, Bruker) method 

were used for AFM experiments. The concrete experimental spring constant and resonance 

frequency, equal respectively to 158 N/m and 522,48 KHz were determined thanks to the 

Sader method. The calibrated Tip radius was equivalent to 75 nm. More details on these 

characterization technique were reported in our previous works31. 
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2.6.5. Textural properties and porosity  

Porosities of the different developed materials were evaluated from nitrogen 

adsorption/desorption at 77.35 K via a micromeritics ASAP 2420 instrument. Standard 

Brunauer, Emmett, and Teller (BET) method were used to calculate the BET specific surface 

area and average pore diameter (Gurlich law). 

The samples were degassed at 25°C for 60 hours on degassing port and weighted. Then, the 

samples were degassed once again at 25°C for 4 hours on the analysis port to extract the 

trapped nitrogen. Analyses were realized with a reactor of the free volume to optimize the 

measurement and the free volumes were determined after analysis to avoid the pollution of 

the samples. 

2.6.6. Mechanical properties in bulk 

Bulk mechanical properties of the synthesized composites were evaluated by a DMA Mettler 

Toledo DMA861e. 

2.6.7. Optical properties 

Reflectance measumrements of the polymer as well as the MOF/polymer composites were 

carried out by UV-visible spectrophotometer (JASCO V-750) equipped with an integrating 

sphere. 

 

3. Results and discussion  

 

3.1. Synthesis of MOF/polymer composites by photopolymerization 

 

The different Fe-based MOF/polymer composites were synthesized by 

photopolymerization technique which is the most suitable approach for immobilizing MOFs 

into polymers. In fact, in contrary to the classical thermal polymerization, no heat was 

necessary for initiating the polymerization reaction thus avoiding an eventual thermal 

degradation of MOFs during the synthesis process. The obtained photopolymerization 

conversion rates for the free radical polymerization (FRP) of TMPTA are reported in Figure 2. 
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Figure 2 (A), represents the TMPTA polymerization kinetics under visible irradiation in 

the presence of MOF MIL-100(Fe) with different mass percentages. In fact, it is obvious that 

the polymerization performance decreases (the final acrylate function conversions (AFC)) by 

adding the MOF to the initial TMPTA resin containing BAPO as the photoinitiator and the 

iodonium salt as the co-initiator. The results showed that the acrylate function double bond 

(C=C) final percentage conversion reached in 60 seconds decreases from 82% to 72%, 68% and 

53% in the presence of 0.5%, 1% and 2% of MIL-100(Fe), respectively. This could be explained 

by the inhibition of light penetration by the incorporated catalyst. Indeed, by increasing the 

mass percentage of MOF, the prepared formulations become less homogeneous and darker 

in color, acting in turn as in ternal filter.  

Similarly, in the case of MIL-88A(Fe)/polymer composite (Figure 2(B)), the 

encapsulation of this MOF into the polymer matrix affected the final acrylate function 

conversions and the polymerization kinetics, especially for the 2%MIL-88A(Fe)/polymer 

composite. In fact, by reaching this mass percentage, the prepared solution became less 

homogenous and more pigmented in color which provoked a decrease in the polymerization 

kinetics and in the final acrylate function conversion from 82% to 40% due to a reduced light 

penetration within the samples (Figure 2 (B) (4)). 
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Figure 2. Photopolymerization profiles of acrylate functions (double bond conversion vs 

irradiation time) under air upon exposure to a LED@405 nm (A) in the presence of 

BAPO/Iod/MIL-100(Fe) (1) (0.2%/1%/0% (w/w/w)), (2) (0.2%/1%/0.5% (w/w/w)), (3) 

(0.2%/1%/1% (w/w/w)), (4) (0.2%/1%/2% (w/w/w)), (5) (0.2%/0%/1% (w/w/w)); (B) in the 

presence of BAPO/Iod/MIL-88A(Fe) (1) (0.2%/1%/0 (w/w/w)), (2) (0.2%/1%/0.5% (w/w/w)), 

(3) (0.2%/1%/1% (w/w/w)), (4) (0.2%/1%/2% (w/w/w)) and (5) (0.2%/0%/1% (w/w/w)); 

thickness = 1.3mm; the irradiation starts at t = 10 s. 
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Figure 2 ((A, B), curves (3 and 5)) show that the addition of the Iodonium salt as the co-

initiator for MIL-100(Fe)/polymer and MIL-88A(Fe)/polymer composites synthesis accelerated 

the polymerization kinetics and increased the final monomer conversions. In fact, in the 

absence of this chemical, the acrylate function double bond (C=C) final conversion rate 

reached within 100 seconds was decreased from 67% to 61% and from 68% to 63% in the case 

of the 1%MIL-100(Fe)/polymer and MIL-88A(Fe)/polymer composites. 

Addition of the iodonium salt in the formulations was carried out in order to be able 

to compare under the same conditions, the current results with those obtained in our previous 

works on POMs/polymer composites where the presence of this co-initiator had significantly 

improved the photopolymerization rates as well as the materials photocatalytic efficiency32.  

3.2. MOF/Polymer composite stability  

The stability in solutions and at high temperatures of the polymer as well as the synthesized 

phtotocomposites were investigated in order to improve their photocatalytic applications in 

the industrial field. 

3.2.1. Stability in water 

Heterogenous photocatalysis treatements are usually carried out in water, avoinding then the 

use of supplementary chemicals. Photocatalysts should be therefore, stable in this solvent. 

Consequently, swelling and dry extract ratios of the synthesized photocomposites were 

calculated to evaluate their stabilities and the monomer loss probability after polymerization. 

Table 1. Acrylates Final Conversion (AFC %), Swelling (%) (in water) and dry extract (%) of 

different synthesized MOF/polymer composites.  

 AFC (%) Swelling (%) Dry extract (%) 

Polymer 82 10 ± 0.02 100 ± 2 

0.5% MIL-100(Fe)/polymer 79 0 ± 0.02 100 ± 2 

1% MIL-100(Fe)/polymer 79 0 ± 0.02 100 ± 2 

2% MIL-100(Fe)/polymer 80 0 ± 0.02 100 ± 2 

0.5% MIL-88A(Fe)/polymer 80 0 ± 0.02 100 ± 2 

1% MIL-88A(Fe)/polymer 77 0 ± 0.02 100 ± 2 

2% MIL-88A(Fe)/polymer 71 0 ± 0.02 100 ± 2 
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The very low calculated swelling percentages as well as the large dry extract 

percentages, reported in Table 1 suggest respectively a highly crosslinked acrylate network 

despite the MOFs presence into the polymer and a low probability of monomer loss after the 

polymerization process. This is was line with the obtained high final Acrylates Final Conversion 

(AFC) proving then the excellent stability of the developed MOF/polymer composites in water. 

3.2.2. Thermal stability 

Thermal stability of the developed MOF/polymer composites was studied by TGA analysis. 

DTG curves for the crystallite MOF, the MOF/polymer composites as well as the polymer are 

shown in Figure 3. The different degradation temperatures are gathered in Table 2. 
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Figure 3. DTG curves of (A) (1) Polymer; (2) MIL-100(Fe) powder and (3) 2% MIL-

100(Fe)/polymer composite.  (B) (1) Polymer; (2) MIL-88A(Fe) powder and (3)1% MIL-

88A(Fe) /polymer composite.  

The decomposition temperature of the polymer was slightly decreased by adding the 

MIL-100(Fe) and the MIL-88A(Fe) MOFs to the initial resin (476 °C for the polymer vs. 446 °C 

and 444°C for the composites). However, the developed photocatalysts still have high and 

stable degradation temperatures for the different synthesized materials which promotes their 

application in the photocatalytic industrial field. 
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Table 2.  Decomposition temperatures of the polymers, the crystals MOFs and the MOF (2% 

and 1%)/polymer composites. 

Material Polymer               MOF Powder         MOF/polymer composites 

MIL-100(Fe) MIL-88A(Fe) 2% MIL-100(Fe) 1% MIL-88A(Fe) 

Decomposition 

temperature(°C) 

476       321          378                446          444 

 

3.3. MOF/polymer composites characterization 

A full characterization of the as-prepared Fe-based MOF/polymer composites 

including: morphological, structural, mechanical and optical characterizations, ensures a 

further understanding of the properties as well as the behavior of these materials as 

photocatalysts which guarantee a better application performances for intended use in 

industry. 

3.3.1. Morphological and chemical characterization 

Taking into account, that heterogenous photocatalysis is a phenomenon occurring at 

the photocatalyst surface, the developed MOF/polymer composites morphologies were 

characterized by Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy 

(TEM). SEM images of the polymer used as a matrix for MOFs incorporation show a 

homogenous surface for the polymer film (See Figure 4 (a)). 

 

(a)

20 µm 
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Figure 4. SEM images of (a) polymer without MOF; (b) MIL-100(Fe) powder; (d, f) 2% MIL-

100(Fe)/polymer composite at different scales; (c) MIL-88A(Fe) powder; (e, g) 1% MIL-88A(Fe) 

/polymer composite at different scales. TEM images of (h) 2% MIL-100(Fe)/polymer 

composite; (i) 1% MIL-88A(Fe) /polymer composite. 
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  It can be clearly seen from the SEM images (Figure 4(b–c)) that the two MOFs displayed 

different microcrystals. MIL-100(Fe) was principally constituted of irregular flaky-like crystals33 

however, MIL-88A(Fe) presents spindle-like shape crystals34. Figure 4 (d, e, f, g) represent the 

heterogenous surfaces of the MIL-100(Fe)/polymer composite and the MIL-88A(Fe)/polymer 

composite constituted by a randomly dispersed spherical MOFs aggregates of different sizes 

varying between 10 nm and 6 µm. Also, Figure 4 (h, i) show TEM images of the MIL-

100(Fe)/polymer and MIL-88A(Fe)/polymer composites indicating the presence of these 

catalysts at the polymer surface. 

Moreover, Energy Dispersive X-ray (EDX) analysis was carried out in order to further 

understand MOFs dispersion at the surfaces of the synthesized composites and to confirm 

the immobilization of these catalysts into the polymer (See Figure 5). 

 

 

(a) 

Fe 

(b) 

Fe 

(d) (c) 

https://www.mdpi.com/1420-3049/24/20/3718/htm#fig_body_display_molecules-24-03718-f001
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Figure 5. SEM-EDX analysis of (a, b, e) 2% MIL-100(Fe)/polymer composite; (c, d, f) 1% MIL-

88A(Fe)/polymer composite.               

MEB-EDX mapping results (Figure 5(a, b, c and d)) showed an heterogenous MIL-

100(Fe) and MIL-88A(Fe) distribution into the polymer which is in agreement with the 

obtained SEM images (Figure 4). Furthermore, EDX spectrums (shown in Figure 5(e, f)) confirm 

also the presence in the composite of iron ions belonging to MOFs, iodonium and phosphorus 

emerging from the BPO and the iodonium salt used as photoinitiator system during the 

photopolymerization process, as well as carbon and oxygen coming from TMPTA monomer 

and the photocatalyst. 

In conclusion, TEM, SEM and EDX experiments demonstrate that MOFs are clearly well 

incorporated into the polymer matrix by photopolymerization which is a mild process. 

3.3.2. Structural characterization 

              In order to confirm the MOFs immobilization into the polymer matrix, the different 

prepared composites were structurally characterized by FTIR spectroscopy and by X-Ray 

Diffraction. 

3.3.2.1. Fourier-transform infrared spectroscopy  

In order to further verify the stability of the MOFs structure after their immobilization into the 

polymer, Fourier-transform infrared (FTIR) spectra of MOFs, composites and polymer were 

acquired in the 600–4500 cm−1 region and the different spectra. Results are shown in Figure 

6, Table 3. 

(f) (e) 
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Figure 6.  (A) FTIR spectra of (a) the 2% MIL-100((Fe)/polymer composite, (b) the crystalline 

MIL-100(Fe), (c) the polymer and (B) Zoom-in of 1381 cm-1 peak, (C) Zoom-in of 710 cm-1 and 

759 cm-1 peaks. 

Table 3. FTIR characterization of the MOF MIL-100(Fe). 

 

MIL-100(Fe), MIL-100(Fe)/polymer composite functional groups were studied by FTIR 

spectroscopy in the range of 4500cm-1 to 600 cm-1 (Figure 6, Table 3). The IR spectrum of MIL-

100(Fe) shows clear absorption at 3390, 1630, 1453, 1381, 759 and 710 cm−1.The weak 

curvature at 3369 cm-1 is assigned to -OH. The peak at 1630 is attributed to v(C=O) of 

carboxylate group, whereas bands at 1453 and 1381 reflect the symmetric and asymmetric 
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vibrational bands characteristic of the O-C-O group respectively. Also, peaks at 759 and 710 

cm−1 corresponds to C–H bending vibrations of benzene ring. These identified functional 

groups of the MIL-100(Fe) are matching with those reported in the literature35,36. The FTIR 

spectrum obtained after incorporating this photocatalyst into the polymer matrix shows five 

absorptions bands at 3390, 1630, 1381 and 710 and 759 cm-1 among the six peaks present in 

the FTIR spectra of MIL-100(Fe). The non-identification of the last one located at 1453 cm-1 

could be explained by the low mass percentage of MOF in the polymer matrix which is about 

2% or by their superimposition with the polymer intense peaks. 

In the case of the MIL-88A(Fe)/polymer composite, the chracteristics peaks of the MOF 

couldn’t be distinguished from those of the polymer because of its low mass percentage (1%) 

in the polymer. Increasing the catalyst mass percentage in the TMPTA matrix wass impossible 

due to the decreasing of polymerization rate (See Figure 2 (B)). 

3.3.2.2. X-Ray Diffraction (XRD) 

             XRD analyses were carried out in order to deeply analyze the molecular structure of 

composites and to get further insight on the structural variations of the catalyst after its 

incorporation n into the polymer matrix (See Figure 7). 
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Figure 7. XRD analysis of (A) (a) MIL-100(Fe), (b) 2%MIL-100(Fe)/polymer composite, (c) 

Polymer and (B) (a) MIL-88A(Fe), (b) 1% MIL-88A(Fe)/polymer composite, (c) Polymer. 

The XRD diffraction pattern of the crystallite MIL-100(Fe) (as shown in Figure 7 (A(a)) 

exhibits different intensive peaks at: 5.26°, 6.06°, 6.32°, 6.85°, 7.11°, 10.38°, 11.03°, 12,57°, 

14.22°, 20.14°, 24.11°. These sharp and intense patterns, in line with those previously reported 

in the literature, indicate a highly crystalline nature of MIL-100(Fe)35,37,38. 

Furthermore, the crystallographic structure of MIL-88A(Fe) was examined by XRD. As 

seen in Figure 7 (B(a)), the XRD pattern of this MOF shows intense peaks at 2 Theta values of 

10.5° and 11.9° already reported in the literature12,39.  

Due to the low mass percentages of these MOFs in the polymer (2% and 1% w/w), their 

characteristics XRD peaks were hardly identified in the XRD patterns of their corresponding 

composites because of the decrease of their intensities (Figure 7 (A, B (2)). In fact, only the 

most intense peaks of the MIL-100(Fe) and the MIL-88A(Fe) located at 2 Theta 10.38°, 11.03° 

and of the MIL-88A(Fe) situated at 11.9° are also identified, respectively in the XRD patterns 

in the MIL-100(Fe)/polymer and MIL-88A(Fe)/polymer composites indicating perhaps no 

crystallinity changes during the photopolymerization process. 

 

3.3.3. Surface properties and porosity  

3.3.3.1. BET analysis 

To further understand the composites catalysis behavior, it was interesting to estimate 

their BET surfaces area, the adsorption average pore width and the total area in pores of the 

different synthesized MOF/polymer composites. Results are gathered in Table 4. 

Table 4. BET surface area and adsorption average pore width of the different MOF/polymer 

based TMPTA composites and of the neat polymer. 

 BET surface area 
(m².g-1) 

Adsorption average 
pore width (nm) 

Total area in 
pores (m².g-1) 
 

TMPTA polymer 9.3 ± 0.4 4.3 6.3 

0.5% MIL-100(Fe)/polymer 8.8 ± 0.5 4.5 2.3 
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1% MIL-100(Fe)/polymer 3.4 ± 0.3 7.6 0.8 

2% MIL-100(Fe)/polymer 5.5 ± 0.1  4.2 1.9 

0.5% MIL-88A(Fe)/polymer 8.3 ± 1.4 2.4 1.6 

1% MIL-88A(Fe)/polymer 4.23 ± 0.5  7.3 0.9 

 

The pore size distribution of the neat polymer exhibiting a BET surface area of 9.3 m2.g-

1 was already reported in our previous work31. This value was decreased by the incorporation 

of the photocatalysts into the polymer, which could be explained by a probable confinement 

with the polymer channel31. Indeed, the Fe-based MOFs/polymer composites displayed low 

BET surface areaand total area in pores ranging from 3.4 m².g-1 to 8.8 m².g-1 and from 0.8 m².g-

1  to 6.3 m².g-1, respectively. The target Fe-MOFs applied as photocatalysts, are immobilized 

in the polymer whitout degassing and at ambient temperature. In this experimental 

conditions, the MOFs are in non active and non-porous forms which justify the obtained low 

BET surface area of the Fe-based MOFs/polymer composites. Improving BET surface area of 

the developed materials is an objective which will be studied soon in our group. 

3.3.3.2. Surface topography by AFM 

Roughness and topography of MIL-100(Fe)/polymer composite, MIL-88A(Fe)/polymer 

composite and the TMPTA neat polymer were characterized by Atomic Force Microscopy 

(AFM) with the Peak-Force QNM imaging (Figure 8). 

          

(a) (b) 
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Figure 8. AFM topography images of (a, b) the 1% MIL-100(Fe)/polymer composite and (c, d) 

the 1% MIL-88A(Fe)/polymer composite.  

The neat polymer exhibits a rough surface with a roughness average value (Ra)of 5 nm, 

already evaluated in our previous works31. This surface property was increased to 272 nm and 

189 nm by the encapsulation of MIL-100(Fe) and MIL-88A(Fe), respectively into the TMPTA 

polymer (See Figure 8). The observed difference of roughness between the polymer and 

MOF/polymer composites is undoubtedly due to the presence of these MOFs at the polymer 

surface (see EDX data (Figure 5)). Indeed, as shown in Figure 8 (a) which corresponds to a 2D 

image recorded over an area of 5 µm × 5 µm of the MIL-100(Fe)/polymer composite and in 

agreement with the SEM images shown in Figure 4, MIL-100(Fe) in the form of cylindric 

aggregates, is randomly dispersed at the polymer surface. Figure 8 (c) shows also the presence 

of MIL-88A(Fe) aggregates at the composite surface. 

For a facile collect and reuse during the photocatalytic process, photocatalysts should 

be characterized by a good mechanical’s properties. Therefore, effect of the encapsulation of 

MOFs into the TMPTA neat polymer, on the mechanical properties was investigated. 

3.3.4. Mechanical properties 

Mechanical properties of the synthesized composites were studied by AFM (Peak-

Force QNM imaging mode). Figure 9 shows the recorded topography of the elastic modulus 

on the surface of the MIL-100(Fe)/polymer and MIL-88A(Fe)/polymer composites. 

(c) (d) 
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Figure 9. 2D elastic modulus maps (a, b) 1% MIL-100(Fe)/polymer composite and (c, d) 1% 

MIL-88A(Fe)/polymer composite recorded at different scales. 

The elastic modulus distribution of the neat polymer with a mean value of 1.4 GPa was 

reported in our previous work31. This material stiffness was affected by the incorporation of 

the MOFs based iron. Indeed, MIL-100(Fe)/polymer and MIL-88A(Fe)/polymer composites 

exhibit mean elastic modulus values of 1.5 GPa and 2.4 GPa, respectively. This change of 

polymers rigidity is attributed to the MOFs crystals presence at the polymer network surface 

(See Figure 8 and 9). 

Additionally, to the mechanical surface property characterized by AFM, bulk 

mechanical properties of the composites were evaluated by Dynamic Mechanical Analysis 

(DMA) experiments. The obtained values of dynamic storage modulus G’ and dynamic loss 

modulus G’’ at 25°C are presented in Table 5. 

Table 5. Dynamic storage modulus (G’), dynamic loss modulus (G’’) at 25°C and Elastic 

Modulus of TMPTA based polymer, 1% MIL-100(Fe)/polymer and 1% MIL-88A(Fe)/polymer 

composites. 

(a) (b) 

(c) (d) 
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Composition Dynamic storage 
modulus G’(MPa) 

Dynamic loss modulus G’’ 
(MPa) 

Polymer 100 20 

1% MIL-100(Fe)/polymer 139 13 

1% MIL-88A(Fe)/polymer 70 6.5 

 

Based on the results gathered in Table 5, both polymer and MOF/polymer composites 

exhibit dynamic storage modulus G’ greater than the dynamic loss modulus G’’, proving their 

rigid characters which is in line with the low swelling degree and the high crosslinking density 

of the polymer network (Table 1). In bulk, G’ was increased from 100 to 139 by MIL-100(Fe) 

crystals incorporation into the polymer matrix, improving then its mechanical bulk resistance. 

However, in the case of MIL-88A(Fe) encapsulation, the dynamic storage modulus of the neat 

polymer was decreased to 70 MPa, deteriorating then the initial matrix mechanical resistance. 

 Additionally, G’’ decreases to 13 MPa and 6.5 MPa in the case of MIL-100(Fe)/polymer 

and MIL-88A(Fe)/polymer composites compared to 20 MPa for the polymer, indicating then a 

more elastic behavior compared to the initial neat TMPTA polymer. This could be explained 

by a decrease in the polymer chains mobility and then in the stress transfer in the matrix, by 

the addition of MOFs crystallites. 

Furthermore, since the synthesized MOF/polymer composites will be essentially used 

for the photodegradation of organic pollutants, their optical properties should be evaluated 

in order to optimize their photocatalytic activities by choosing the most adequate source of 

irradiation. 

3.3.5. Optical properties 

In order to select the most suitable irradiation source for photocatalytic tests, band 

gap energies of the different MOF/polymer composites were calculated through UV-visible 
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diffuse reflectance spectra and the results are shown in Figure 10 and in Table 6.
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 Figure 10. UV-Visible diffuse reflectance spectra of (A) (1) 1% TiO2/polymer composite, (2) 

0.5%, (3) 1%, (4) 2% MIL-100(Fe)/polymer composites and (B) (1) the polymer, (2) 0.5% and 

(3) 1% MIL-88A(Fe)/polymer composites. 

Table 6. Bandgap energy values and absorption wavelengths of different synthesized 

composites with polymer derived from TMPTA. 

 Band Gap energy (eV) (max) (nm) 

Neat polymer - - 

1% TiO2/polymer  3.1 396 

0.5% MIL-100(Fe)/polymer 2.6 468 

1% MIL-100(Fe)/polymer 2.5 488 

2% MIL-100(Fe)/polymer 2.4 503 

0.5% MIL-88A(Fe)/polymer 2.4 498 

1% MIL-88A(Fe)/polymer 2.3 532 

 

 Table 6 shows gap energies and absorption wavelengths of the different synthesized 

Fe-based MOF/polymer composites, which were compared to those of the titanium 

dioxide/polymer composite. The MIL-100(Fe)/polymer and MIL-88A(Fe)/polymer composites 

exhibit a band gap energy between 2.3 and 2.6 eV, weaker than that of the TiO2/polymer 

composite (3.1 eV). Consequently, the developed photocatalysts are expected to be more 

performant under visible light than the usually used one in photocatalysis, the TiO2.  
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Furthermore, increasing MOFs mass percentages, causes a slight decrease of 

MOF/polymer composites energy bandgaps and an increase of their reflectance percentages 

and therefore probably an improvement in their photocatalytic performances. Effectiveness 

of these different synthesized materials for Acid Black photodegradation will be compared 

below. 

4. Photocatalytic activity of the Fe-based MOF/polymer composites  

Photocatalytic activities of the different synthesized Fe-based MOF/polymer 

composites were tested by monitoring the Acid Black absorbance recorded by UV-visible 

spectrometry at different irradiation times under UV lamp irradiation. Results are shown in 

Figure 11 (A, B). Adsorption performances of the photocomposites  were evaluated by kepting 

in the dark during 1 hour the Acid Black acqueous solutions with the photocatalysts. Almost, 

no dye absorbance decreasing was noticed. This was in agreement with the low BET surface 

area of the MOF/polymer composites (See Table 4). 
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Figure 11. UV-visible absorption spectra of Acid Black water solutions during the 

photocatalytic degradation process under UV lamp irradiation in the presence of (A) 2% MIL-
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100(Fe)/polymer composite and (B) 1% MIL-88A(Fe)/polymer composite. [AB]0 = 15 ppm, pH 

= 7. Degradation plot of Acid Black (15 ppm) under UV lamp irradiation (C) in the presence of 

(1) 0.5%, (2) 1%, (3) 2% MIL-100(Fe)/polymer composites, (4) 1% MIL-100(Fe)/polymer 

composite without iodonium salt, (5) 1%TiO2/polymer composite, (6) neat polymer, (7) 

photolysis plot of Acid black without composites and (D) in the presence of (1) 0.5%, (2) 1% 

MIL-88A(Fe)/polymer composites, (3) 1% MIL-88A(Fe)/polymer without iodonium salt, (4) 1% 

TiO2/polymer composite, (5) neat polymer and (6) photolysis plot of Acid black without 

composites. 

Obviously, the two characteristics absorbance peaks of the Acid Black located at 618 

nm and 310 nm, corresponding respectively, to the azo group and to the naphtalene 

transition, decreased gradually during the photocatalytic process in the presence of the MIL-

100(Fe)/polymer and the MIL-88A(Fe)/polymer composites (See Figure 11 (A, B)),. This 

absorbance bands abatement reflects the dye decolorization as well as the degradation of the 

aromatic part40,41. The degradation mechansim of the Acid Black, the possible formation of 

by-products and the monitoring of the dye solution color changement during the 

photocatalytic treatment, were discussed in ou previous works (Article MOF 1). 

Kinetics of the Acid Blak photodegradation reaction by the two Fe-based MOF/polymer 

composites as well as their comparaison with the TiO2/polymer composite and the neat 

polymer were quantitavely studied by matching the experimental data to the apparent first-

order equation  given by the following expression42 : 

-Ln(C/C0) = kapp t        (1) 

Where C0 and C designate respectively the Acid Black initial concentration and at time 

t, kapp is the first-order rate constant (min-1) and allows the evaluation of the photocatalytic 

of the catalyst. Results are shown in Table S1. 

Acid Black concentration is only decreased by 26 % (kapp=0.005 min-1) and 35% 

(kapp=0.007 min-1), under 60 min of UV lamp irradiation in the absence of the composites or 

the polymer and in the presence of the neat polymer, respectively (Figure 11 (C (curves 6, 7)), 

(D (curves 5, 6))). However 95.2% of this dye is  degraded in just 30 min of irradiation in the 

presence of the Fe-based MOF/polymer composites proving then the remarkable 

photocatalytic efficiency of the develloped photocomposites which are also more performant 
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than the universal most used photocatalytst, the titanium dioxide. In fact,  a commercial TiO2 

encapsulated in the same matrix and under the same experimental conditions than those 

applied for the synthesis of the MOFs composites, wasn’t efficient for the Acid Black 

degradation. Indeed, under the same time and irradiation source, only 37% (kapp=0.007 min-1) 

was degraded by 1%TiO2/polymer composite vs. 95% by the 1%MIL-100(Fe)/polymer 

(kapp=0.104 min-1) and the 1%MIL-88A(Fe)/polymer (kapp=0.075 min-1) composites (Figure 11 

(C (curves 2, 5)), (D (curves 2, 4))).  

Remarkably, increasing the mass percentages of crystalline MIL-100(Fe) into the 

polymer from 0.5% to 1% and 2% and from 0.5% to 1% in the case of crystalline MIL-88A(Fe), 

enhances respectively, the kinetics of the Acid Black photodegradation from 0.08min-1 to 

0.104min-1 and to 0.108min-1 and from 0.03min-1 to 0.07min-1 (See Table S1 and Figure 11 (C 

(curves 1, 2, 3), D (curves 1, 2)). 

Furthermore, the absence of the Iodonium salt in the polymer matrix which was used 

as a co-initiator during the photopolymerization process, decreased the kinetics 

photodegradation from 0.104min-1 to 0.059min-1 in the case of 1%MIL-100(Fe)/polymer 

composite, and from 0.075min-1 to 0.072min-1 in the case of 1%MIL-88A(Fe)/polymer 

composite (See Table S1 and Figure 11(C (curves 2, 4), D (curves 2, 3))). 

Interstingly, the 1%MIL-100(Fe)/polymer composite was more performant for the Acid 

Black degradation than the 1%MIL-88A(Fe)/polymer composite. In fact, decomposition 

kinetics calculated for the first photocomposite, equal to 0.104min-1, was higher than that of 

the second one, equivalent to 0.075min-1. This difference of efficiency could be explained, by 

the lower fluorescence emission intensity of the first photocomposite compared to that of the 

second one reflecting therefore, a lower electrons-holes recombination rate43. Fluorescence 

emission spectra of the two developed MOF/polymer composites are reported in Figure 12. 

The used excitation source emitted at 254 nm wavelength. 
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Figure 12. Fluorescence emission spectra of the two different MOF/polymer composites : (1) 

1%Mil-100(Fe)/polymer composite, (2) 1%MIL-88A(Fe)/polymer composite. 

5. Proposed photocatalytic degradation mechanism  

In order to understand the enhanced degradation mechanism of the Acid Black by the 

newly developed Fe-based MOF/polymer composites, photolysis under different 

atmospheres (Air and N2) and radical-trapping experiments were carried out. In this study, 

EDTA44,45, isopropanol46, MEHQ47 and TEMPO48 were applied as scavengers of h+, Hydroxyl 

radicals (•OH), oxygen active species (RO• and ROO• ) and carbon centered radicals, 

respectively. The trappers concentrations were equal to 1Mm and their impacts on the Acid 

Black photodegradation were identified by monitoring this dye concentration under UV lamp 

irradiation (See Figure 13). 
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Figure 13. Effects of different scavengers on the degradation of Acid Black under UV lamp 

irradiation at t=15min, in the presence of (A) 2% MIL-100(Fe)/polymer composite and (B) 1% 

MIL-88A(Fe)/polymer composite: (1) Without scavengers, under air, (2) Without scavengers, 
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under N2. Under air, with the addition of (3) TEMPOL, (4) MEHQ, (5) Isopropyl alcohol and (6) 

EDTA. (7) Without composite, without scavengers. 

 Figure 13 (batons 1 and 2) proves the important role played by the dissolved oxygen in 

the enhancement of Acid Black degradation in the presence of the Fe-based MOF/polymer 

composites. In fact, under N2 and under 15 min of UV lamp irradiation, the Acid Black 

conversion rate was decreased from 70% and 48.7% to 28.8% and 12.6% respectively, in the 

presence of 2%MIL-100(Fe)/polymer and 1%MIL-88A(Fe)/polymer composites demonstrating 

the significant function of •O2
-, formed by the reaction between the excited e- and the O2 

dissolved in the solution, during the photocatalytic process. This was in agreement with the 

high Acid Black removal rates obtained after adding the EDTA into the aqueous solution. 

Indeed, conversion percentages were increased from 70% to 96% and from 49.7% to 75.8% in 

the presence of 2%MIL-100(Fe)/polymer and 1%MIL-88A(Fe)/polymer composites, 

respectively. The enhancement of the photodegradation process in the presence of this holes 

scavenger, could be explained by the inhibition of recombination between the excited 

electons under UV lamp irradiation and the holes through surface and direct recombinations. 

Therefore, more •O2
−  are formed since more migrated electons are present at the composites 

surface and could react with the dissoved oxygen present in the aqueous solution. Hence, •O2
−  

are the most important radical species involved in the photodegradation route of the different 

Fe-based MOFs/polymer composites.  

Furthermore, the addition of MEHQ and isopropyl alcohol declined the dye 

degradation from 70% and 49.7% to 28.7%, 60.1%,  and to 23.3%, 29.5% after 15 min of UV 

lamp irradiation in the presence of MIL-100(Fe)/polymer and MIL-88A(Fe)/polymer 

composites, respectively (Figure 13 (A and B (batons 1, 4 and 5).  The obtained results show 

the oxygenated active species and the hydroxyl radicals are also implicated in the Acid Black 

degradation mechanism. 

Besides, in the presence of TEMPO, in the Acid Black aqueous solution, the dye 

degradation was reduced  from 70% and 49.7% to 16.9% and 35%, respectively, in the 

presence of the 2%MIL-100(Fe)/polymer and 1%MIL-88A(Fe)/polymer composites, showing 
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that carbonated radicals participates also in the Acid Black removal route (See Figure 13 

(batons 1 and 3). 

Based on the trapping experiments above, the degradation mechanism of the Acid 

Black by the two different Fe-MOF/polymer composites could be explained by the excitation 

of electrons from the valence band (VB) to the conduction band (CB) and the formation of 

holes in the VB. This phenomenon occurrs when the composites photocatalysts absorb 

equivalent or higher energy than their band gap energies. The photogenerated electons 

migrate to the catalyst surface and reduce the dissolved oxygen in the aqueous solution (O2) 

to superoxide radicals (•O2
−) which are transformed in their turn to hydroxyl radicals (•OH). 

Simutaneously, holes oxidize water molecules into hydroxyl radicals (•OH). Such, 

decomposition mechanisms, were already reported in the literature by Wang et al. who have 

applied Fe-MOFs for the adsorption and photodegradation of tetracycline by Fe-based 

MOFs14. C. Das et al. have also demonstrated the same decomposition route, when 

photodegrading the methyl orange dye by an UTSA-38 MOF49. 

6. Fe-based MOF/Polymer composites reusability and stability study  

Recyclabilty and stability of the photocatalysts are ones of the most important 

parameters for photocatalytic environmental practical applications. To investigate these 

significant indexes, the photocomposites were recovered from the Acid Black solution, 

washed with water, dried in air and then used for 10 successive photodegradation cycles. 

Results are shown in Figure 14. 
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Figure 14. Ten consecutive Acid Black photodegradation cycles over (A) 2% MIL-

100(Fe)/polymer composite and (B) 1% MIL-88A(Fe)/polymer composite. [AB]0=15ppm, pH=7, 

irradiation source: UV Lamp. 
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 Figure 14 shows that the photocatalytic performance of the MIL-100(Fe)/polymer 

composite starts to decrease from the 7th cycles and from the 5th cycle,  in the case of the MIL-

88A(Fe)/polymer composite. Indeed, the first photocatalyst still more performant than the 

neat polymer even after the seventh catalytic cycle and until the tenth process showing its 

high catalytic stability by a facile and low-cost recovery and regeneration process. However, 

the second one lose totally its photocatalytic efficiency starting from the ninth cycle. 

Therefore, these experiments prove the advantages of the immobilization of the MOFs into 

the polymer consisting in the enhancement of their mechanical properties in order to facilitate 

their recovery and regeneration. Hence, usually time-consuming and expensive regeneration 

methods could be avoided. 

Photostability of the different developped composites were also investigated by 

comparing SEM characterizations images before and after the photocatalytic process (See 

Figure 15). 

Figure 15 (a, b) shows, that the MIL-100(Fe)/polymer composite surface wasn’t altered 

by the irradiation. Approximatively, the same MIL-100(Fe) MOFs density still present at the 

surface of the polymer after the photodegradation process. However, in the case of the MIL-

88A(Fe)/polymer composite less MOFs remain at the surface which could explain the decrease 

of the photocatalytic activity of this composite starting from the 5th degradation cycle. The 

better stability of the MIL-100(Fe)/polymer composite during the regeneration and reuse, in 

comparaison to that of the MIL-88A(Fe)/polymer composite could be probably due to its 

higher dynamic storage modulus (G’) reflecting a better bulk rigidity (See Table 5). 
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Figure 15. SEM-EDX images of 2% MIL-100(Fe)/polymer composite (a) before and (b) after one 

photodegradation cycle. SEM-EDX images of 1% MIL-88A(Fe)/polymer composite (c) before 

and (d) after one photodegradation cycle. 
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Conclusion 

 In this study, two Fe-based MOFs/polymer composites with higher photocatalytic 

properties have been successfully fabricated by a simple, low-cost, rapid and green 

photopolymerization process under mild visible Light Emitting Diode LED@405 nm irradiation. 

The developed photocatalysts exhibited exceptional photocatalytic performances, compared 

to the universal and most used one, the titanium dioxide which was applied in the same 

experimental conditions than the MOFs/polymer composites. Approximatively, 95% of the 

Acid Black dye, chosen as poulltant model to evaluate the photocatalytix activities of these 

photocomposites  was removed from water under only 30 minutes of UV lamp irradiation.  

 Moreover, in order to get futher insight the Acid Black degradation mechanism in the 

presence of the synthesized MOF/polymer composites, several experiments were realized 

under different atmospheres and in the presence of three scavangers used separately. 

Dissolved oxygen seemed to be the key species for Acid Black degradation. Superoxide, 

hydroxyl, oxygenated and carobonated radicals were also involved in the dye decomposition. 

 Characterization of the new proposed materials were fully investigated by various 

methods including XRD, AFM, DMA, SEM, TEM, EDX, FTIR which have verified the fruitful MOFs 

immobilization into the polymer matrix. The shaped materials displayed enhanced rigidity and 

high thermal stability, allowing their recovering from the aqueous solution and their reuse by 

a simple, inexpensive and rapid method. Therefore, the two composites remain 

photocatlytically actifs under UV lamp irradiation after several degradation process. 

 In conclusion, associating MOFs with polymers simplified and facilitated their 

tecnological environemental applications, by obtaining  composites gathering at the same 

time, the processability of the polymer and the interesting photocatalytic activity of the MOFs. 

This method of synthesis have proved its effectiveness in this work, and could then be used to 

immobilize a large number of other photocatlysts. Further studies will be carried out in order 

to improve the polymer stability and to develop composites with larger active surface area. 
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