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INTRODUCTION
Layered double hydroxides (LDH) are solids that belong to the anionic clays class with the general formula [M1–x2+Mx3+(OH)2]x+·[Ax/n]n−·mH2O, where M2+, M3+ and An− represent divalent and trivalent metal cations and inorganic/organic anions respectively with m number of interlayer water molecules. Pure LDH-type materials require values of x (M3+/M2 + + M3+) between 0.2 and 0.33. The LDH as well as their corresponding mixed oxides obtained by calcination of the parent LDH at temperatures up to 500°C–600°C, continue to be of great interest due to the properties presented (Cavani et al., 1991): i) the ability to insert in an uniform distribution of different cations in the octahedral positions of the layered structure as well as different types of anions in the interplanar space; ii) tailored textural properties; iii) acid/base active site presence (ditopic properties); iv) high surface area; v) memory effect (reconstruction of the layered structure by hydration with solutions containing different anions), etc., All of the above listed properties makes these materials find their utility in a wide variety of fields, e.g., environment protection (Abd El-Monaem et al., 2023); catalysis (Farhan et al., 2024); catalytic support (Baskaran et al., 2015), medicine and pharmacy (Yang et al., 2017), industry (Zhai et al., 2022), adsorbents (Yang et al., 2016), etc., All these areas of interest are based on the peculiar physico-chemical properties presented by LDH-type materials generated in a simple way by the traditional synthesis methods: co-precipitation, sol-gel, ion-exchange, hydrothermal, urea hydrolysis, microwave irradiation as well as memory effect (Farhan et al., 2024), and non-traditional methods, e.g., microwave (Zadaviciute et al., 2017), electro-synthesis (Molano-Mendoza et al., 2018), thin films via electrophoretic technique (Kim et al., 2008), mechano-chemical (Tongamp et al., 2007), etc., The LDH structure is similar to that presented by Mg(OH)2 where the isomorphic replacement of Mg2+ cation with a trivalent one (except V3+ and Ti3+ which are not stable in air), with a similar radius [0.72Å in charge II and coordination VI (Shannon, 1976)], leads to the formation of positively charged sheets, which are balanced by the presence of compensating anions placed in the interlayer space. Water molecules are present in all unoccupied places. Furthermore, the LDH layered structure is not limited to the presence of the Mg2+ cation, but any other divalent cation with a radius similar to that of magnesium, which can adopt the octahedral structure leads to the generation of LDH-type materials. The synthesis of these types of layered materials involving monovalent cations is limited only to lithium (ionic radius 0.76Å; charge I; coordination VI), the other monovalent cations, e.g., Na+; K+; NH4+, despite the fact that they accommodate in octahedral positions, have too large ionic radii [Na+ = 1.02Å; K+ = 1.38Å; NH4+ = 1.67Å (Shannon, 1976)], leading to the obtaining of dawsonite-type materials.
The current Research Topic entitled “Layered Double Hydroxides and their Use as Catalysts in Sustainable Processes” aims to highlight and promote articles involving new approaches for the synthesis of LDH-type materials, modern techniques for characterizing their physicochemical properties and the evaluation of catalytic activities in various chemical reactions.
Seliverstov et al. emphasize in the mini review the most important studies regarding the synthesis and catalytic applications of LDH-type materials containing rare earth cations. Thus, a number of catalysts have been considered in different catalytic processes: i) Mg/AlLn LDH (Ln = Ce, Sm, Dy, and Yb) were synthesized by co-precipitation and considered in methane oxidation; ii) Ni/FeGd LDH by hydrothermal synthesis used in oxygen evolution; iii) Ni/FeTiLa LDH was synthesized by pulsed-laser ablation in liquids for the electrocatalytic water oxidation; iv) mixed oxides of Ni/AlCe via LDHs precursors synthesized by the urea hydrolysis for optimal catalytic activity in steam reforming of glycerol for H2 production; v) Ni/La LDH with N-doped graphene by sonochemical method for hydrogen evolution reaction; vi) Ni/FeCe LDH electrocatalyst by electrodeposition technique for water splitting; vii) Mg/Al + La LDH by mechanochemical synthesis for cyclohexene conversions; etc., Also, other systems have been considered such as: Mg/AlTb LDH; Mg/Tb LDH; Mg/AlEu and Ca/AlEu LDHs; Zn/AlGd LDHs; Zn/AlDy LDH; Zn/AlCe LDHs; Mg/AlEu LDH, etc., The authors also proposed a direction in which promethium, holmium, thulium, and lutetium are considered to be inserted into the octahedral structure of LDH despite the fact that promethium exhibits radioactive behavior. Also, binary RE-LDHs catalysts including samarium, europium, thulium, and ytterbium are of great interest.
In the same year, 2022, Charalambous et al. used a trivalent rare earth cation, i.e., La as well as K, to promote Ni/MgAl LDH for catalytic conversion of CO2 to CH4. The lanthanum-promoted Ni catalysts sample showed 89.3% in catalytic activity compared to that of unmodified sample (10Ni/MgAl) of 33.4%, while potassium-promoted samples presented a similar conversion with that of unmodified one. However, in terms of CO selectivity that increased from 35.7% to 62.0%. The beneficial effect of Ni/MgAl doping with La and K was materialized by increasing the Ni dispersion together with improving of the Ni reducibility, which was reflected in the CO2 conversion and product selectivity values. Considering the similar approach, Mane et al. (2024) investigated the production of long-chain (straight and branched) ketones by direct α-alkylation of short chain ketones using both homogenous and LDH-type catalysts in water as solvent. Thus, produced long-chain ketones are fuel precursors and can subsequently be hydrogenated to long-chain alkanes suitable for blending in aviation and liquid transportation fuels. The catalytic activity of Ni and Pd metals supported on layered double oxides as solid base materials was compared with 5%Pd/BaSO4 with NaOH as the base additive, using α-alkylation of 2-butanone with 1-propanol as an exemplar process, where both metal and base sites are necessary for the selective conversion of 2-butanone to alkylated ketones. Amongst the solid base catalysts, 5%Pd/C with 5% Ba/hydrotalcite showed the optimum result with 51% 2-butanone conversion and 36% selectivity to the alkylated ketones, while 2.5% Ni/Ba1.2Mg3Al1 exhibited comparatively lower catalytic activity with 21% conversion of 2-butanone and 47% selectivity to alkylated ketones.
Dalma et al. considered conversion of glycerol to glycerol carbonate as an interesting chemical reaction for evaluation of catalytic behavior of mixed oxides obtained by calcination of LDH that included Cu, Zn, or Ni as modifying cations of MgAl hydrotalcite in a percentage of 15%. This reaction required the base active sites, high surface area, homogeneous cation dispersion, but also a thermal stability of material. In mild reaction conditions, solvent free as well as 1:2 ratio of glycerol:ethylene carbonate, yields higher of 80% were obtained due to univorm distribution of base sites and optimal textural property. Among the 3 modifiers, Cu proved to be the best in catalytic terms.
In 2023, Sushkova et al. prepared hexacyanoferrate intercalated Mg-Al LDH as a novel smart corrosion sensing coating. The catalyst synthesis was based on the idea that hexacyanoferrate ions are sensible to react with iron cations generated during the corrosion process while LDH can provide a controlled release of active ions from interlayer space under corrosion conditions. The authors considered two types of coatings, one based on epoxy and the other on polyurethane, which improved the barrier properties of the coating without affecting the corrosion detection functionality of the detection layer. Standard salt spray tests were also performed.
The extensive body of research surrounding LDH-based materials underscores their versatility and applicability across a wide range of strategic fields. Numerous studies have not only validated the effectiveness of these materials but also highlighted their potential in areas such as catalysis, environmental remediation, drug delivery, and energy storage. The low production costs and facile scale up further reinforces that LDH-based materials have significant potential both in scientific and industrial domains. As research continues to unveil innovative ways to harness their versatile structural properties, it is evident that the utilization of LDHs will expand, positioning them as key players in future technological advancements and sustainable solutions.
Both editors would like to thank the Frontiers in Chemical Engineering journal for the opportunity to edit this Research Topic. We also thank the authors who sent their valuable articles to be part of this Research Topic, as well as the reviewers who helped ensure that the quality of the Research Topic was extremely high.
AUTHOR CONTRIBUTIONS
O-DP: Conceptualization, Validation, Writing–original draft, Writing–review and editing. HM: Conceptualization, Validation, Writing–original draft, Writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abd El-Monaem, E. M., Elshishini, H. M., Bakr, S. S., El-Aqapa, H. G., Hosny, M., Andaluri, G., et al. (2023). A comprehensive review on LDH-based catalysts to activate persulfates for the degradation of organic pollutants. npj Clean. Water 6, 34. doi:10.1038/s41545-023-00245-x
 Baskaran, T., Christopher, J., and Sakthivel, A. (2015). Progress on layered hydrotalcite (HT) materials as potential support and catalytic materials. RSC Adv. 5, 98853–98875. doi:10.1039/C5RA19909C
 Cavani, F., Trifiro, F., and Vaccari, A. (1991). Hydrotalcite-type anionic clays: preparation, properties and applications. Catal. Today 11, 173–301. doi:10.1016/0920-5861(91)80068-K
 Farhan, A., Khalid, A., Maqsood, N., Iftekhar, S., Sharif, H. M. A., Qi, F., et al. (2024). Progress in layered double hydroxides (LDHs): synthesis and application in adsorption, catalysis and photoreduction. Sci. Total Environ. 912, 169160. doi:10.1016/j.scitotenv.2023.169160
 Kim, T. W., Sahimi, M., and Tsotsis, T. T. (2008). Preparation of hydrotalcite thin films using an electrophoretic technique. Ind. Eng. Chem. Res. 47, 9127–9132. doi:10.1021/ie071446s
 Mane, R., Hui, L., Centeno-Pedrazo, A., Goguet, A., Artioli, N., and Manyar, H. (2024). α-Alkylation of aliphatic ketones with alcohols: base type as an influential descriptor. Catalysts 14, 463. doi:10.3390/catal14070463
 Molano-Mendoza, M., Donneys-Victoria, D., Marriaga-Cabrales, N., Mueses, M. A., Puma, G. L., and Machuca-Martínez, F. (2018). Synthesis of Mg-Al layered double hydroxides by electrocoagulation. MethodsX 5, 915–923. doi:10.1016/j.mex.2018.07.019
 Shannon, R. D. (1976). Revised effective ionic radii and systematic studies of interatomic distances in halides and chalcogenides. Acta Crystallogr. A 32, 751–767. doi:10.1107/S0567739476001551
 Tongamp, W., Zhang, Q., and Saito, F. (2007). Preparation of meixnerite (Mg–Al–OH) type layered double hydroxide by a mechanochemical route. J. Mater. Sci. 42, 9210–9215. doi:10.1007/s10853-007-1866-5
 Yang, R.-Q., Mao, H., Huang, L.-Y., Su, P.-Z., and Lu, M. (2017). Effects of hydrotalcite combined with esomeprazole on gastric ulcer healing quality: a clinical observation study. World J. Gastroenterol. 23, 1268–1277. doi:10.3748/wjg.v23.i7.1268
 Yang, Z., Wang, F., Zhang, C., Zeng, G., Tan, X., Yu, Z., et al. (2016). Utilization of LDH-based materials as potential adsorbents and photocatalysts for the decontamination of dyes wastewater: a review. RSC Adv. 6, 79415–79436. doi:10.1039/C6RA12727D
 Zadaviciute, S., Baltakys, K., and Bankauskaite, A. (2017). The effect of microwave and hydrothermal treatments on the properties of hydrotalcite. J. Therm. Anal. Calorim. 127, 189–196. doi:10.1007/s10973-016-5593-5
 Zhai, M., Zhao, J., Wang, D., Gao, X., Wang, Q., Li, Z., et al. (2022). Layered double hydroxides (LDHs) modified cement-based materials: a systematic review. Nanotechnol. Rev. 11, 2857–2874. doi:10.1515/ntrev-2022-0478
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Pavel and Manyar. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Layered double hydroxides and their use as catalysts in sustainable processes		Introduction

		Author contributions

		Funding

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
’ frontiers | Frontiersin Chemical | Engineering

Editorial: Layered double
hydroxides and their use as
catalysts in sustainable
processes





OPS/images/logo.jpg
& frontiers | Frontiers in Chemical Engineering





