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This systematic review is devoted to Mg(OH)2 nanotechnology, which received a growing attention in the last recent years, owing to a very wide field of applications. Mg(OH)2–based nanomaterials, originally employed as efficient sorbents and flame retardants, are now considered as a primary choice in a wide variety of technical fields. Among these, nanomedicine stands out in particular, where nano-Mg(OH)2 is used as a versatile drug-carrier in diagnostics and therapy, owing to its excellent tolerability for humans and animals, as amply proven in in-vivo and in-vitro tests. Likewise, its role in pharmacology is strictly correlated to the aforementioned context, thanks to its antibacterial properties towards different pathogens. The promising uses of this compound in nanotechnology are not limited to its form in nanoparticles (NPs), but other geometrical and compositional configurations as nanosheets, nanotubes and nanocomposites have been synthesized and proposed for new challenging applications. 
As for the synthesis techniques, the current trend is focused on a minimization of the global impact related to its manufacturing schemes, which are mainly related to wet chemical processes. For this reason, many efforts of the current research are addressed to the setup of Mg(OH)2 synthesis aiming at minimizing both energy implications, waste and environmental impact of the relevant manufacturing steps, both at laboratory and industrial scale. On that note, the paradigms of safety science for this compound impose progressively more stringent constraints based on reagent substitution, mild thermal conditions and risk minimization according to a multiobjective optimization scenario.
Introduction
For many decades now, nanostructured materials play a basic role in industrial manufacturing, owing to their appealing physicochemical properties. As a first main classification, they can be classified according to their chemical composition, distinguishing between organic and inorganic compounds. The former, despite their important uses in nanomedicine (Rodrigues et al., 2025) and optoelectronics, received slightly less attention in research than the latter, probably owing to limitations related to their thermal and chemical stability. The range of applications for inorganic nanomaterials refers to the aforementioned fields (Yuan et al., 2025), but it is broader overall, and this aspect is also linked to the different geometric configurations that distinguish them, with particular reference to NPs. They include zerovalent elements (Reverberi et al., 2022) and compounds spanning over oxides, sulphides, halides and salts of multiatomic composition (Puccini et al., 2017), often containing transition elements (Madi et al., 2022), which have a basic role in nanotechnology, due to their electronic configuration leading to singular properties in catalysis and photocatalysis. Furthermore, inorganic nanoparticles play a basic role in the production of nanofluids, which represent a constantly growing sector in energy transfer technology and heat dissipation, both in machining processes (Reverberi et al., 2019) and in electronic industry (Habbeb et al., 2024). The link between the two aforementioned categories is provided by composite materials (Pascariu et al., 2013), whose nanostructured variants are attracting intense investigations focused on metal-organic frameworks (MOF) (Muthukumaran et al., 2025). These nanocomposites are now a cornerstone in electrochemical sensors, wastewater remediation and hydrogen production by electrolysis. Whatever their intended use, nanostructured materials must meet certain requirements in terms of their chemical and physical properties, including chemical and structural stability, dispersibility in embedding fluids, minimisation of risk factors in the synthesis process, low cost and environmental biocompatibility, with particular reference to human toxicity (Wang et al., 2023). Mg(OH)2 is considered a possible candidate that meets these requirements in the broadest sense, and it is precisely this compound, in nanostructured form, that this systematic compendium focuses on. The paper is divided as follows: in Section 2, some techniques pertaining to the synthesis of Mg(OH)2 nanostructures are critically discussed and compared according to their sustainability from an energy and environmental perspective In Section 3, the various uses of this nanostructured compound are reviewed, taking into account recent research trends in the field and implications relevant to energy transition and safety (Pasman et al., 2023). In Section 4, the conclusions are drawn and a direction for future studies is traced.
Nano-Mg(OH)2 manufacturing
Although most synthesis processes are essentially focused on NPs, other geometries of Mg(OH)2-based nanomaterials have been produced, but they have not yet been used on a large scale. It is curious to note that the techniques generally applied to produce nanostructured hydroxides, regardless of the cation they contain, are generally different from those commonly used for the preparation of the corresponding oxides. In fact, pyrolysis processes (Chiarioni et al., 2006), typically used for producing thermostable or refractory oxides, are not generally adopted for the synthesis of hydroxides, including Mg(OH)2, due to its relatively low decomposition temperature, starting at approximately 345 °C, giving MgO and steam (Han et al.,2023).
Nano-Mg(OH)2 precursors, capping agents and dispersants
Before discussing the relevant precursors and stabilising agents, it should be noted that most synthesis techniques are based on precipitation methods by wet-chemical processes, thanks to its low cost and to a better control over dimensions. In this context, the precursors are typically soluble Mg2+ salts, namely Mg(NO3)2, MgSO4 or MgCl2 , to which an alkali hydroxide solution is added dropwise in a hydrothermal process. The choice of a suitable capping agent proved to be a key aspect in tuning shape and dimensions of the end product, where polyvinylpyrrolidone (PVP) showed an efficiency greater than other traditional anionic or cationic surfactants, like sodium dodecyl suplhate (SDS) or cetyltrimethylammonium bromide (CTAB), respectively. Interestingly, the chemical composition of the capping agent may not only damp the aggregation of the solid phase but also determine its geometry (Asgari-Vadeghani et al., 2016).
In some cases, precursors and capping agents of natural origin have been adopted to meet the standards of process safety and environmental sustainability, generally following criteria of substitution and energy saving. On that note, Battaglia et al. (2022) explored the possibility of producing Mg(OH)2 NPs from exhausted saltwork bitterns as a natural source of Mg2+ precursor, using a T-shaped mixer in a steady-state reactor. The presence of polyacrylic acid (PAA) as dispersant helped reducing considerably the dimension of the NPs. Other authors proposed a wet chemical method using plant extracts of various origin, generally containing many active ingredients like polyphenols, flavonoids, terpenoids, tannins and other compounds (Rajkumar et al., 2024), whose role is polyfunctional in the context of precipitation methods. In fact, a plant extract may be added to the precursor containing Mg2+ ions before mixing it with a solution of alkali hydroxide triggering the nucleation of the solid phase (Afolabi et al., 2021). Otherwise, a plant extract may act as alkalising agent on its own, giving a precipitate of Mg(OH)2 NPs without requiring a soluble alkali hydroxide modifying the pH of the solution. (Jayalekshmi et al., 2025). Whatever the method adopted using plant extracts for the formation of Mg(OH)2, despite what is sometimes claimed by some authors, it cannot be considered a redox process, as the oxidation state of Mg in Mg(OH)2 is obviously the same of the Mg contained in the starting precursor.
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Figure 1: Simplified scheme of nano-Mg(OH)2 manufacturing and uses.
Synthesis processes
In Figure 1, the most important techniques for nano-Mg(OH)2 synthesis have been visually represented. Traditional precipitation methods are often combined with a proper choice of solvents and temperature settings aiming at tuning size and shape of the final product. To this purpose, hydrothermal synthesis is often carried out in autoclave, in order to increase the kinetics of Mg(OH)2 nucleation. Kotresh et al. (2023) showed that even narrow temperature gaps in a range 50-70 °C may have a strong influence on the geometry of the as-produced Mg(OH)2 NPs. 
Solvothermal methods based on non-aqueous or mixed solvents have also been proposed in literature, using alcohols or glycols as organic solvents, exploiting their stabilizing and anti-aggregating action towards Mg(OH)2 NPs (Jamil et al., 2018). Additionally, glycols may be beneficial owing to their low volatility at higher temperatures, making them useful to enhance chemical kinetics without using pressurized vessels. However, solvothermal methods are less widespread for two main reasons: one is linked to the fact that Mg precursors, due to their markedly ionic nature, tend to have reduced solubility in water-organic solvent mixtures than in pure water. The other reason is that wastewaters containing solvents would be produced, which require post-treatment either for the recovery of the non-aqueous solvent or for disposal without risk to the environment. These limitations preventing the development of inherent safety processes, linked as well to the costs of processing, recovering or disposing of the mother liquor, have probably contributed to the lower prevalence of these synthesis methods with respect to standard precipitation techniques based on aqueous solvent.
Biosynthesis methods require a more critical analysis in order to formulate rational classification criteria. As anticipated in the previous subsection, this term is generally adopted to indicate NPs wet synthesis processes in the presence of natural extracts from living organisms, usually of vegetal origin. It is important to distinguish between biosynthesis mediated by precipitation induced by the combined action of alkali hydroxides added to plant active ingredients, and biosynthesis produced solely by the active ingredients contained in the plant extract. In both cases, the nanostructured solid precipitate often acts as a substrate that adsorbs the same organic active ingredients present in excess, resulting in a final product whose properties, for the purpose of intended uses, reveal a synergistic action between the characteristics of pure Mg(OH)2 and those of the adsorbed active ingredients.
Microemulsion methods are somewhat more complex synthesis processes, often requiring multiple sequential steps, but they offer the advantage of giving stable dispersions with a narrow distribution of NPs diameters (Wu et al., 2020). The formation of nanosized Mg(OH)2 may occur in a polar liquid phase, dispersed in droplets stably embedded into an apolar liquid phase by means of suitable dispersants ensuring the non-coalescence of the dispersed phase. This method has been successfully used in the production of surface-functionalized Mg(OH)2 NPs, including polymer-coated core-shell Mg(OH)2 NPs (Wu et al., 2021). Of course, a careful management of the interface phenomena inherent in this synthesis method can lead to further complications in process control.
Sonochemical methods can help overcome some disadvantages associated with wet chemical synthesis techniques, namely a lack of mixing, long induction/nucleation times and a strong tendency towards agglomeration typical of solid phases with a marked ionic nature such as Mg(OH)2 (Zhang et al., 2025).  In the simplest realisation scheme, an ultrasound-assisted wet-chemical precipitation method is adopted, where an aqueous alkaline solution is added dropwise to a sonicated Mg2+ precursor dissolved in a liquid. This process allowed realising a final product whose properties, as flame retardant, were superior with respect to those offered by the same nanostructured solid obtained by a conventional precipitation method (Tamiji et al., 2021).
Finally, other physicochemical processes have been proposed in literature, like arc-discharge synthesis method in liquid phase, where Mg(OH)2 together with MgO are sythesized by means of an arc discharge between two Mg metal electrodes subjected to disaggregation and subsequent oxidation of the as-produced Mg  metal NPs in aqueous medium (Mogadem et al., 2025). This technique, in a way reminiscent of top-down physical nanosynthesis processes, does not require chemical intermediates for Mg(OH)2 NPs production, and this fact represents an undoubted advantage in terms of pollution hazards with respect to all previously cited techniques. However, it poses other crucial problems both in terms of energy demand and safety constraints, owing to an inefficient energy consumption and the need of a careful process temperature control and added- on prevention and mitigation safety barriers.   
Nano-Mg(OH)2 applications
To date, many end-uses of Mg(OH)2 nanostructures are well established and proven in the real world. Among them, its function as a flame retardant is probably the main application, but there are many others, here briefly explored, which are less widespread but nonetheless well worthy of attention. 
Flame retardant and explosion suppression in safety technology
Mg(OH)2 is acknowledged as an environmentally friendly and halogen free flame retardant, whose use does not imply any secondary pollution. Zhang et al. (2025) tested the flame resistance of polydimethylsyloxane (PDMS)-Mg(OH)2 nanocomposites and they carried out Cone Calorimeter Tests (CCT) evaluating the heat release rate and total smoke production of such composite for growing times with respect to the pure PDMS. The results proved that Mg(OH)2 addition was highly beneficial owing to heat absorption and steam release resulting from thermal decomposition, whose as-formed protective layer of MgO prevented oxygen from reaching the combustible, thus further inhibiting flame development. For the same reasons, excellent stability and the absence of toxic gas emissions during decomposition, Mg(OH)2 NPs were successfully proposed as a coating in the construction, wood (Tamiji et al., 2021) and textile industry, with promising result in fire safety of silk fabric (Cheng et al., 2023). Mg(OH)2 NPs exhibit notable impacy on wood dust explosion suppression by their interface and small-size effect enhancing the abilities of heat absorption, heat insulation, adsorption of free radicals, formation of high-temperature refractory oxide and thermal decomposition (Huang et al., 2019).
Biomedical and pharmaceutical purposes
Thanks to its minimal toxicity and excellent tolerability for humans and animals, there are many examples of nanostructured Mg(OH)2 applications in nanomedicine as a drug carrier and as a coformulant in bionanocomposites, where it has been tested for wound healing  (Abbas et al., 2024), by incorporation in hydrogels for the preparation of wound dressings which offered a specific protection even towards particularly resistant strains of great importance as causative agents of nosocomial infections, like Pseudomonas aeruginosa and other pathogens (Eivazzadeh-Keihan et al., 2021).The latter performances depend essentially on its antibacterial and antibiofilm properties, which are particularly enhanced when it is used in functionalized form (Jayalekshmi et al., 2025), namely in combination with active molecules like antibiotics or other molecules of natural origin adsorbed at its surface, often having antioxidant properties (Afolabi et al., 2021). 
Environmental safety: decontamination as sorbent / catalyst / photocatalyst
As a topic strictly related to the previous point, the excellent sorption properties of nanosized Mg(OH)2 heve been exploited for the realization of sorbents for environmental decontamination from organic and inorganic pollutants, with performances comparable or even superior with respect to those typical of MgO in case of As  removal (Zhou et al., 2024). Sun et al., (2021) proposed nano-Mg(OH)2 as a catalyst dispersed in in liquid phase for the simultaneous abatement of polluting cations and antibiotics by ozonation. Intriguingly, despite nano-Mg(OH)2 is known to have catalytic properties in itself (Jamil et al., 2018), namely in pure state, they observed  that the catalytic activity is enhanced by the presence of transition elements ions, and this fact is confirmed by other authors in a different context, pertaining to the abatement of pigments like rhodamine B (Altaf et al., 2025). By the way, capping agents used in the synthesis of nano-Mg(OH)2 may modify its structure and bandgap, so as to make it useful as an efficient photocatalyst in the abatement of dyes, like methylene blue (Dharamalingham et al., 2023).
Agricultural uses
Although this may seem like a niche application, Babu et al. (2022) have highlighted the role of nano-Mg(OH)2 as a nanofertilizer, which adds to its potential as a seed germinator (Shinde et al., 2020).
Cultural heritage preservation
This field of application can be broadly divided into two areas: one concerning the preservation of cellulose-based documents, and the other concerning stoneworks, including wall paintings, lime mortars and wall renders.  In the former case, the combination of strengthening compounds with antiacid agents is an open problem in matter of paper conservation. To this purpose, Wojech et al. (2026) have proposed the use of Mg(OH)2 NPs as deacidifier with satisfactory results and good compatibility with the strengthening agents. In the latter case, a nano-Mg(OH)2 coating proved to be efficient in stabilizing the mechanical properties of the substrate superficially treated (Girginova et al., 2020).
Conclusions
The most important reasons for the success of Mg(OH)2 in the field of nanotechnology can be summarized in the following key points:
Low production costs, ease of synthesis and inherent safety of the process stages are the strengths of this material. Additionally, the synthesis methods here described meet the criteria for a satisfactory scalability, where wet chemical synthesis methods play a leading role.
Nano-Mg(OH)2 is susceptible to broad-spectrum functionalization, thanks to its excellent adsorbent and binding properties towards a wide variety of molecules, including organic ones, such as polymers or other bioactive molecules of natural or artificial origin.
Unlike other substances whose toxicity varies greatly in the transition from a microstructured to a nanostructured state, Mg(OH)2 has the rather unusual property of maintaining very low toxicity and therefore high tolerability regardless of the size of the nanoparticles. This feature places it in a leading position, compared to other nanostructured materials with similar functions, in terms of sustainability and inherent safety. As a consequence, preparations containing nano-Mg(OH)2 can be disposed at the end of their life using standard procedures, without resorting to costly and/or complex stabilization or inerting techniques, well meeting the multifaceted sustainability paradigm.
Mg(OH)2, irrespective of its structure, has repeatedly proven to be an excellent material for fire protection strategies and equipment, owing to its chemical properties and its decomposition products at high temperature.
Future research perspectives include the optimization of advanced synthesis method, based on refined approaches possibly with the inclusion of ad-hoc enhancing performance additives, to attain a trade-off between economy, energy demand, inherent safety and sustainability.
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