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ABSTRACT 

This work focuses on the preparation of MIL-53 material by hydrothermal route. The obtained material 

was used as a support for AgNPs silver nanoparticles. Several percentages of AgNPs (0.5%, 1%, 2%, 

and 3%) were dispersed on the surface of MIL-53 to study their catalytic behavior. The obtained solids 

were characterized by different characterization methods in order to determine their physicochemical 

properties. The parent material and its AgNPs-modified counterparts were tested as catalysts for the 

catalytic reduction of MB dye under the presence of NaBH4. The obtained results clearly showed the 

presence of AgNPs on the surface of MIL-53 after its chemical modification. The obtained results 

showed that the reduction of MB is favored by catalysts having a high content of AgNPs. A high 

conversion of MB dye to Leuco-MB was obtained in reaction time which did not exceed 5 min. 
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1 Introduction  

Wastewater pollution has become a topical problem following industrial discharges. Among the most 

harmful discharges, dyes have been considered dangerous pollutants due to their toxicity. It has been shown 

in several studies that low traces of dyes can cause serious and fatal problems for all living species. Different 

strategies have been established to reduce the pollution of contaminated water. Among the most used 

methods, there are adsorption, photocatalysis, oxidation, reduction, flocculation-coagulation and other 

methods. Catalytic reduction has seen wide application due to the speed of the process and also the products 

formed can be used in several chemicals. The presence of nanoparticles and their sizes are the most 

important parameters to activate the reduction of organic pollutants. However, due to aggregation 

problems, metal nanoparticles cannot be used directly. One of the most used methods is to disperse them 

on solid supports. Recently a new discovery of porous materials of metal-organic framework type having 

remarkable textural properties. Due to their surface properties, these materials have been applied in several 

fields such as adsorption, separation, catalysis, and catalytic support. The main objective of this work is the 

preparation of silver nanoparticles supported on MIL-53. To optimize the best MB dye reduction 

conditions, several percentages of AgNPs (0.5%, 1%, 2%, and 3%) were dispersed on the surface of MIL-

53. The obtained results were correlated between the contents of silver nanoparticles and the reducing agent 

NaBH4. 

2 Experimental 

2.1 Preparation of MIL-53@AgNPs  

The MIL-53 material was synthesized hydrothermally using a method well described in the literature[1,2]. 

After the purification of MIL-53, this material was modified with an AgNO3 solution using different 

percentages 0.5%, 1%, 2%, and 3%. The obtained suspensions were washed, then filtered and dried. The 
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obtained materials were modified with a 1M NaBH4 [3,4]solution to transform the Ag+ species into AgNPs. 

The obtained materials MIL-53@AgNPs(0.5%), MIL-53@AgNPs(1%), MIL-53@AgNPs(2%), and MIL-

53@AgNPs(3%) were named according to the percentage of AgNPs doped in each material. 

 

2.2 Catalytic reduction of MB dye 

The MB dye reduction protocol is very similar to our previously published work[3,5,6]. Generally, 3mg and 

2mL of MB solution (0.1 mM) was introduced into a cuvette then approximately 1.5 mL of freshly prepared 

NaBH4 solution (15 mM) was added, the reaction mixture was monitored by UV-vis.[3,5,6] 

3 Results and Discussion  

The different catalysts were characterized by XRD analysis (results not shown). It was found that as 

the concentration of AgNO3 increases, the characteristic peaks of AgNPs increase due to the formation 

of AgNPs layers on the MIL-53 surface. The catalytic application of these catalysts in the reduction of 

MB dye showed interesting results. Initially, MB adsorption tests and blank test (NaBH4 + MB 

solution) were used to confirm the role of our catalytic system. It was found that the different catalysts 

did not exhibit MB adsorption affinity. While the blank test without catalyst showed no catalytic 

reaction. After the addition of a few traces of MIL-53@AgNPs(2%) catalyst, a drastic decrease in MB 

dye intensity was observed and total conversion of MB was obtained (see Figure 1a and b). The role 

of our catalytic system lies in its ability to transport electrons from the donor NaBH4 to the dye 

acceptor MB dye, which subsequently leads to the transformation of MB dye to Leuco-MB. It was 

found that the content of AgNPs plays a very important role in the MB reduction process. The higher 

AgNPs content lead to the faster reduction of MB dye (results not shown). Under all the conditions 

used in this study it was found that the MIL-53@AgNPs(2%) was the best catalyst which completely 

reduced the MB dye in a reaction time of 5 min. 

 

 

 

 

4 Conclusions 

In conclusion, the use of MIL-53 presents more advantages, it makes it possible to obtain good dispersion 

of AgNPs, limitation of the aggregation phenomenon and ultrafine particles of AgNPs were obtained. The 

application of this system in the reduction of MB dye as a model reaction showed that the reaction in the 

presence of NaBH4 alone does not lead to any transformation. After the addition of the catalyst MIL-

53@AgNPs(2%), a complete reduction of MB to Leuco-MB was obtained within 5 minutes. The use of 

catalysts containing a low content of AgNPs does not lead to a significant reduction following the presence 

of weak sites on the surface of MIL-53. 

 

Figure1 UV-vis of MB dyes during their 

reduction 

Figure2 MB Conversion by different 

catalyst M-53@AgNPS-(0.5,1,2,3%) 

 

A 

 

B 

https://doi.org/10.21467/abstracts.170


Series: AIJR Abstracts 

DOI: 10.21467/abstracts.170 

 

 

461 

 

ISBN: 978-81-970666-1-0 

 

References 

[1] Tomar, S.; Singh, V.K. Review on Synthesis and Application of MIL-53. Materials Today: Proceedings 2021, 43, 3291–3296, 

doi:10.1016/j.matpr.2021.02.179. 

[3] Ashling, C.W.; Johnstone, D.N.; Widmer, R.N.; Hou, J.; Collins, S.M.; Sapnik, A.F.; Bumstead, A.M.; Midgley, P.A.; Chater, 

P.A.; Keen, D.A.; et al. Synthesis and Properties of a Compositional Series of MIL-53(Al) Metal–Organic Framework Crystal-

Glass Composites. J. Am. Chem. Soc. 2019, 141, 15641–15648, doi:10.1021/jacs.9b07557. 

[3] Benali, F.; Boukoussa, B.; Benkhedouda, N.-E.-H.; Cheddad, A.; Issam, I.; Iqbal, J.; Hachemaoui, M.; Abboud, M.; Mokhtar, A. 

Catalytic Reduction of Dyes and Antibacterial Activity of AgNPs@Zn@Alginate Composite Aerogel Beads. Polymers 2022, 14, 

4829, doi:10.3390/polym14224829. 

[4] Habeche, F.; Boukoussa, B.; Issam, I.; Mokhtar, A.; Lu, X.; Iqbal, J.; Hacini, S.; Hachemaoui, M.; Bengueddach, A.; Hamacha, 

R. Catalytic Reduction of Organic Pollutants, Antibacterial and Antifungal Activities of AgNPs@CuO Nanoparticles-Loaded 

Mesoporous Silica. Environ Sci Pollut Res Int 2023, 30, 30855–30873, doi:10.1007/s11356-022-24317-6. 

[5] Hachemaoui, M.; Boukoussa, B.; Ismail, I.; Mokhtar, A.; Taha, I.; Iqbal, J.; Hacini, S.; Bengueddach, A.; Hamacha, R. CuNPs-

Loaded Amines-Functionalized-SBA-15 as Effective Catalysts for Catalytic Reduction of Cationic and Anionic Dyes. Colloids 

and Surfaces A: Physicochemical and Engineering Aspects 2021, 623, 126729, doi:10.1016/j.colsurfa.2021.126729. 

[6] Hachemaoui, M.; Mokhtar, A.; Mekki, A.; Zaoui, F.; Abdelkrim, S.; Hacini, S.; Boukoussa, B. Composites Beads Based on 

Fe3O4@MCM-41 and Calcium Alginate for Enhanced Catalytic Reduction of Organic Dyes. International Journal of Biological 

Macromolecules 2020, doi:10.1016/j.ijbiomac.2020.07.128.

https://doi.org/10.21467/abstracts.170

