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Synthetic strategies for the preparation of nanoporous carbons

This chapter covers an overview on current state of the art about synthetic approaches for the preparation of nanoporous carbons in the full micropore and mesopore range. Carbons are versatile materials that can exist with high specific surface areas and varied pore architectures and pore size distributions, modulated upon the choice of the precursor and the synthesis route. Currently, nanoporous carbons are manufactured by physical or chemical activation of a wide variety of precursors, and the influence of the synthesis parameters and operating conditions are rather well-established as they have been largely investigated. In this chapter, we have summarized most relevant methodologies that are being used to produce nanoporous carbons with a precise control of the final porosity, which remains a challenge with conventional industrial processes.

Introduction

Developing and deploying clean energy technologies as part of the worlds' climate and clean energy transition policies has created significant pressure in the demand for raw critical materials needed for catalytic reactions, particularly in the fields of energy generation, conversion and storage. Overcoming such drawbacks with metal-free materials based on abundant renewable resources has become a priority towards sustainable energy generation/conversion/storage technologies (e.g., fuel cells, batteries, supercapacitors, water splitting, carbon dioxide conversion into fuels, nitrogen fixation) as promising solutions. Some examples include efficient materials for energy storage in supercapacitors and batteries, and catalysts for promoting the oxygen and hydrogen evolution reactions (OER, HER) for water splitting, hydrogen oxidation reaction (HOR), oxygen reduction reaction (ORR) in fuel cells, metal-air batteries, and CO 2 reduction reaction (CO 2 RR) for the synthesis of solar fuels and in Li-CO 2 batteries. For most of these reactions, metallic catalysts based on precious metals are the most efficient solutions. To alleviate strains on critical materials, research efforts are directed towards the development of non-precious metal-based catalysts.

In this sense, metal-free porous carbons have attained considerable attention to replace noble (metal-based catalysts) in energy storage and conversion applications [START_REF] Meunier | Carbon science perspective in 2022: Current research and future challenges[END_REF]. Owing to their availability and low cost, good electronic conductivity, high surface area and tuneable composition and pore structure, unique catalytic performance, reusability and stability have been reported for metal-free porous carbons in such fields of application [START_REF] Béguin | Application of nanotextured carbons for supercapacitors and hydrogen storage[END_REF][START_REF] Sevilla | Energy storage applications of activated carbons: supercapacitors and hydrogen storage[END_REF][START_REF] Hu | Multifunctional carbon-based metal-free catalysts for advanced energy conversion and storage[END_REF].

As a few examples, metal-free porous semiconducting carbons have proved to be very appealing for hydrogen generation using solar light, although solar-to-hydrogen yields are still lower than those of metallic catalysts [START_REF] Hu | Earth-abundant carbon catalysts for renewable generation of clean energy from sunlight and water[END_REF][START_REF] Peng | Photocatalytic overall water splitting activity of templateless structured graphitic nanoparticles obtained from cyclodextrins[END_REF]. Nanostructured carbons have also demonstrated excellent ORR performance in alkaline electrolytes, is still challenging [START_REF] Ma | A review of oxygen reduction mechanisms for metal-free carbon-based electrocatalysts[END_REF]. Other areas of growing interest are the CO 2 reduction reaction (CO 2 RR) for direct conversion of CO 2 into fuels and Li-CO 2 batteries and the nitrogen reduction reaction (NRR) for the synthesis of NH 3 at ambient conditions. For CO 2 RR, excellent performance has been reported for N-doped carbon catalysts in terms of stability and selectivity towards CO, and more reduced feedstocks (e.g., C1 and C2 products) [START_REF] Li | Metal-free nanoporous carbon as a catalyst for electrochemical reduction of CO 2 to CO and CH 4[END_REF][START_REF] Wang | Efficient electrocatalytic reduction of CO 2 by Nitrogen-doped nanoporous carbon/carbon nanotube membranes: A step towards the electrochemical CO 2 refinery[END_REF]. For NRR, the immobilization of ionic liquids in the nanopores of carbon materials has been reported to increase the uptake of nitrogen gas, which is expected to improve the electrochemical activation of nitrogen [START_REF] Harmanli | Giant" nitrogen uptake in ionic liquids confined in carbon pores[END_REF].

In the case of energy storage in supercapacitors and batteries, the pore structure of the carbon electrodes is essential for the performance of the device. Generally, high surface areas are necessary, although the correlation with the electrochemical performance is not straightforward. An interconnected hierarchical micropore network is typically required for an efficient charge accommodation in the electrical double layer to assure a continuous electron transport pathway and shorten ion/mass transport distances. On the other hand, macropores and mesopores act as ion-buffering reservoir, and channels for rapid ionic transport, respectively [START_REF] Béguin | Carbons for Electrochemical Energy Storage and Conversion Systems[END_REF].

The electronic conductivity of porous carbons is also an important parameter in most energy storage and conversion applications. Although some carbons (e.g., graphite, graphene and its derivatives, carbon nanotubes) present electronic properties close to those of metallic electrodes, most nanoporous carbons display low degree of structural order due to the high density of defects in the twisted graphitic layers upon the development of the nanopore network. As a result, the conductivity of nanoporous carbons is limited (typically 4-5 orders of magnitude lower than that of graphite or graphene) [START_REF] Iniesta | Carbon materials based on screen-printing electrochemical platforms in biosensing applications[END_REF][START_REF] Casanova | Carbon black as conductive additive and structural director of porous carbon gels[END_REF]. Hence increasing the conductivity of nanoporous carbons without compromising the porosity has become an important research topic. Furthermore, unlike metal-based catalysts, carbons may present multiple catalytic active sites that can be modulated upon functionalization (e.g., doping, structural defects) and adequate pore control. These features are interesting for coupling different reactions in self-powered integrated systems, consisting for instance of a photo-electrochemical water-splitting unit and Zn-air battery for renewable generation of electricity from sunlight and water [START_REF] Hu | Multifunctional carbon-based metal-free catalysts for advanced energy conversion and storage[END_REF].

In this chapter we summarize most relevant synthetic methods for the preparation of nanoporous carbons covering current industrial practices at large scale, as well as other alternatives proposed in the abundant literature to control the pore structure while using green approaches (i.e., lowering the environmental fingerprint using low energy demanding processes and low cost and abundant precursors). Figure 1.1 collects a summary of the synthetic routes described in this chapter, with details about the methodology and the impact on the porous structure of the resulting carbons. A special emphasis will be paid to the methods aiming to control the microporosity of carbons, since micropores (e.g., pores with width below 2 nm) are considered the active sites for most energy conversion and storage applications. 

Conventional synthesis methods

Methodology

Microporous/ mesoporous

Activated carbons are produced at industrial scale by physical and chemical activation methods with the use of high temperature furnaces under a controlled atmosphere. Most processes start with a carbonization (pyrolysis) under inert atmosphere or an oxidation step (typically air) of the precursor, followed by the activation of the carbonized material in the presence of an activating agent to develop a porous structure. The preparation of activated carbons using conventional activation methods is a well-known process at industrial scale, and extensive work has been done to investigate the influence of the operating conditions, precursors and activating agents to enhance the porosity [START_REF] Marsh | Activated Carbon[END_REF]. We herein summarized most relevant aspects.

Physical activation

Physical (or thermal) activation of a carbon precursor is commonly carried out in two consecutive heating steps, starting by the carbonization of the precursor to obtain a char, and further activation of the char in gas phase. The carbonization or pyrolysis involves the thermal transformation of the precursor under inert atmosphere at moderate/high temperatures (typically 400-600 ºC). The obtained char is an amorphous solid that exhibits an incipient porosity which will be enlarged during the activation step. The activation is typically carried out under steam, carbon dioxide or their mixtures, at elevated temperatures (between 750-1100 ºC). It is important to point out that the gasification temperature depends on the reactivity of the precursor under CO 2 or steam. A moderate reactivity assuring a diffuse regime control of the reaction typically allows controlling the activation (leading to high micropore volumes), while a fast reactivity provokes a fast gasification of the external surface (leading to lower micropore volumes and mesopores). Hence, the gasification regime of the char must be determined by measuring the thermal profile under CO 2 or steam. Additionally, for certain precursors (e.g., coals, wool wastes) a pre-oxidation step is recommended before the carbonization to favor the formation of an incipient porosity [START_REF] Parra | Effect of coal preoxidation on the development of microporosity in activated carbons[END_REF], and a well-developed microporosity after the gasification.

A detailed review on how the experimental conditions (e.g., precursor, heating rate, gas flow rate, temperature of activation, dwelling time, type of activating gas) influence the porosity of the obtained activated carbon, as well as the reactions can be found in [START_REF] Marsh | Activated Carbon[END_REF]. Briefly, slow flow rates of activating agent are applied (ca. below 10 mL/min) to allow a uniform gasification with the formation of micropores, as opposed to external gasification with predominance of large macropores [START_REF] Pis | Preparation of active carbons from coal: Part III: Activation of char[END_REF]. Regarding the activation extent (or burn-off), values lower than ca. 40-50 wt.% usually render microporous carbons (linear dependence of surface areas and pore volumes with the burn-off). Above 40-50 wt.% burn-off, a widening of the micropores takes places with the development of mesopores [START_REF] Rodriguez-Reinoso | Controlled gasification of carbon and pore structure development[END_REF][START_REF] Rodríguez-Reinoso | The use of steam and CO 2 as activating agents in the preparation of activated carbons[END_REF].

Chemical activation

Chemical activation of a carbon precursor consists in the decomposition of the precursor in the presence of a chemical activating agent, typically at moderate temperatures and in single stage (although an extensive final washing step of the activated carbon is required). Most common activating agents are ZnCl 2 , H 3 PO 4 and alkaline hydroxides and carbonates, and most used precursors are lignocellulosic and biomass-derived precursors. Compared to physical activation, chemical activation allows the use of lower temperatures and dwelling time and leads to higher yields. In general, chemical activation is preferred when biomass and lignocellulosic materials are used as precursors [START_REF] Molina-Sabio | Role of chemical activation in the development of carbon porosity[END_REF], with ZnCl 2 and H 3 PO 4 being applied at temperatures around 450-550 ºC, while alkaline hydroxides and carbonates are applied at temperatures around 700 ºC (between 600-800 ºC).

The main operating parameters that affect the porosity of the activated carbon during chemical activation procedures are typical the ratio activating agent:precursor, mixing procedure, activation temperature, heating rate, dwelling time and activation atmosphere. As a general rule, impregnation of the activating agent from solution is more efficient (in terms of porosity development) than a solid mixture of the reactants [START_REF] Gomis-Berenguer | Designing micro-and mesoporous carbon networks by chemical activation of organic resins[END_REF]. The amount of activating agent favors the development of high surface areas (at expenses of the overall yield) due to the formation of micropores, whereas high impregnation ratios may lead to the development of mesopores and macropores [START_REF] Molina-Sabio | Role of chemical activation in the development of carbon porosity[END_REF][START_REF] Lozano-Castelló | Preparation of activated carbons from Spanish anthracite: I. Activation by KOH[END_REF][START_REF] Nakagawa | Modification of the porous structure along the preparation of activated carbon monoliths with H 3 PO 4 and ZnCl 2[END_REF].

The activation mechanisms of physical and chemical activation methods are different, and so is the porosity of the resulting carbons. In general, physical activation yields predominantly narrow pores, i.e., microporous carbons, with a small contribution of mesoporosity, while chemical activation allows the formation of wider micropore size distributions -upon the activating agent used-and favors the development of mesoporosity.

Novel synthesis methods

Both physical and chemical activation procedures do not allow a fine control of the porosity of the resulting activated carbon. Thus, many efforts have been directed to develop new synthetic approaches for the fabrication of nanoporous carbons with high porous features and well-defined pore architectures. In the following sections, we will summarize most relevant methodologies to control the microporosity in the synthesis of nanoporous carbons.

Hydro-solvothermal carbonization

The thermochemical transformation under subcritical water at moderate temperatures and pressures of wet/dry biomass feedstocks and carbohydrates has received much attention for the preparation of porous carbons [START_REF] Fujino | Phase and structural change of carbonized wood materials by hydrothermal treatment[END_REF][START_REF] Sevilla | Chemical and structural properties of carbonaceous products obtained by hydrothermal carbonization of saccharides[END_REF][START_REF] Dinjus | Hydrothermale Karbonisierung: 1. Einfluss des Lignins in Lignocellulosen[END_REF]. The decomposition reaction (hydrolysis) leads to the formation of a carbonaceous solid (known as hydrochar). The reaction can also be carried out in other solvents such as alcohols (solvothermal carbonization). Both high (300-800 ºC) and low temperature (<300 ºC) conditions can be applied for the preparation of carbon materials, although the second one is more common for the preparation of hydrochars. The nature of the precursor and the hydrothermal carbonization operating conditions (e.g., temperature, residence time, pressure) have a strong influence on the properties of the obtained hydrochars and further activated carbons [START_REF] Titirici | Chemistry and materials options of sustainable carbon materials made by hydrothermal carbonization[END_REF][START_REF] Marinovic | Hydrothermal carbonisation (HTC): History, state-of-the-art and chemistry[END_REF][START_REF] Jain | Hydrothermal conversion of biomass waste to activated carbon with high porosity: A review[END_REF].

While most hydrochars obtained display poor textural parameters (e.g., surface areas rarely exceeding ca. 50 m 2 /g), their activation leads to porous carbons with interesting features. On the other hand, high surface areas hydrochars can be prepared by controlling the salinity of the solution to modulate the cross-linking and growth of the primary carbon particles during the hydrothermal carbonization. For instance, hydrochars with surface areas of ca. 673 m 2 /g have been reported from the hydrothermal carbonization of glucose under hypersaline conditions (Figure 1.2 A) [START_REF] Fechler | Salt and sugar: direct synthesis of high surface area carbon materials at low temperatures via hydrothermal carbonization of glucose under hypersaline conditions[END_REF]. The nature of the salt system seems to be important, with high surface areas obtained for hygroscopic salt ions or eutectic salt melts (e.g., ZnCl 2 , LiCl, NaCl, KCl). Another route to increase the surface area of hydrochar is the use of metallic nanoparticles to accelerate the dehydration, condensation and carbonization of the precursor during the hydrothermal carbonization [START_REF] Cui | Structural effects of iron oxide nanoparticles and iron ions on the hydrothermal carbonization of starch and rice carbohydrates[END_REF].

Another alternative for the synthesis of hydrochars with a well-developed pore structure is based on post-synthetic activation procedures. The reactivity and composition of the hydrochar precursor are important indicators to estimate the porous development of the hydrochar upon further activation processes [START_REF] Jain | Hydrothermal conversion of biomass waste to activated carbon with high porosity: A review[END_REF][START_REF] Fechler | Salt and sugar: direct synthesis of high surface area carbon materials at low temperatures via hydrothermal carbonization of glucose under hypersaline conditions[END_REF]. For instance, high surface area activated carbons (ca. up to 3362 m 2 /g) have been prepared by chemical and physical activation of hydrochars obtained from different precursors (e.g., furfural, glucose, rice husks, starch, cellulose, eucalyptus sawdust). In general, the yields of activation of hydrochars are similar regardless the activating agent, although KOH is the preferred reactant to generate microporous materials [START_REF] Liu | Removal of copper (II) and phenol from aqueous solution using porous carbons derived from hydrothermal chars[END_REF][START_REF] Romero-Anaya | Spherical carbons: Synthesis, characterization and activation processes[END_REF]. The use of ZnCl 2 and others favor micro-mesoporous carbons [START_REF] Fuertes | Superior capacitive performance of hydrochar-based porous carbons in aqueous electrolytes[END_REF][START_REF] Liu | Heteroatoms doped porous carbon derived from hydrothermally treated sewage sludge: Structural characterization and environmental application[END_REF][START_REF] Masoumi | Optimized production and characterization of highly porous activated carbon from algal-derived hydrochar[END_REF].

The temperature of the hydrothermal carbonization step and the structural order of the precursor also influence the porosity of the activated carbons obtained after post-synthesis activation of the hydrochar. In this regard, hydrothermal carbonizations between 180-240 ºC favor a further development of the microporosity upon KOH activation. On the other hand, as also observed for the KOH activation of coals, a low porous development is obtained upon activation of hydrochars with a high degree of aromatization and structural order [START_REF] Falco | Tailoring the porosity of chemically activated hydrothermal carbons: Influence of the precursor and hydrothermal carbonization temperature[END_REF].

Nanocasting

The synthesis of nanoporous carbons by nanocasting methods involves the use of a sacrificial template, which can be generated in-situ or ex-situ: endo-or exo-templating routes -also known as soft-or hard-templating-.

Endo-templating (or soft-templating) methods refer to the use of an organic template that is self-assembled in a solvent in the presence of a polymerizable carbon precursor. The carbon material is obtained after a carbonization process, where the template is destroyed [START_REF] Lu | Nanocasting: A versatile strategy for creating nanostructured porous materials[END_REF][START_REF] Chuenchom | Recent progress in soft-templating of porous carbon materials[END_REF]. This procedure has been mainly used for the preparation of carbon materials with hierarchical meso-and macroporosity [START_REF] Chuenchom | Recent progress in soft-templating of porous carbon materials[END_REF], although it can also be extended to microporous carbons and molecular sieves. In this regard, the preparation of carbon materials with pores of different sizes is strongly related to the nature of the template. For instance, polyethylene oxide (PEO) blocks in block copolymeric surfactants tend to produce microporosity; ionic surfactants produce micropores and small mesopores (2-4 nm); and non-ionic surfactants (e.g., Brij and Pluronics) generate mesopores of up to 10 nm [START_REF] Petkovich | Controlling macro-and mesostructures with hierarchical porosity through combined hard and soft templating[END_REF]. Typical precursors in soft-templating methods are hydroxylated aromatic molecules (e.g., phenol, phloroglucinol, resorcinol) and functionalized compounds (e.g., melamine, pyrrol) when doped-carbons are targeted. For example, carbon materials with surface areas between 700-800 m 2 /g and high pore volumes have been reported using phloroglucinol/glyoxylic acid as precursors and triblock copolymers as templates [START_REF] Matei Ghimbeu | Catalyst-free soft-template synthesis of ordered mesoporous carbon tailored using phloroglucinol/glyoxylic acid environmentally friendly precursors[END_REF][START_REF] Balan | A green and fast approach to nanoporous carbons with tuned porosity: UV-assisted condensation of organic compounds at room temperature[END_REF]. It has been reported that the chemistry of the organic precursor allows to control the degree of cross-linking, and thus the porosity of the final carbons. As an example, the photoinduced assembly of linear dihydroxylated precursors forms dense porous carbon matrices mainly composed of narrow micropores, whereas trihydroxylated molecules render micro-and mesoporous carbons [START_REF] Balan | A green and fast approach to nanoporous carbons with tuned porosity: UV-assisted condensation of organic compounds at room temperature[END_REF]. Some other soft templating strategies based on the use of inorganic salts and oxides, high internal phase emulsions, or mechanochemical soft template procedures have been reported in the literature [START_REF] Díez | Synthesis strategies of templated porous carbons beyond the silica nanocasting technique[END_REF].

On the other hand, exo-templating (or hard-templating) approaches use a porous solid as sacrificial scaffold, and the porous carbon obtained is an inverse replica of the former. Typical sacrificial scaffolds are zeolites, mesoporous silica/oxides, opals, and colloidal silica suspensions, rendering micro-, meso-and macroporous materials, respectively [START_REF] Ryoo | Synthesis of highly ordered carbon molecular sieves via template-mediated structural transformation[END_REF]. Although hard-templating allows to control the porosity of the resulting carbon (by the choice of the scaffold), the process is still complex and resources-consuming (the template needs to be removed). The hard-templating process requires several steps: (i) deposition of the carbon precursor (i.e., sucrose, phenol resin, polyacrylonitrile, pitch) inside the template, (ii) carbonization, and (iii) removal of the scaffold. Among them, the most crucial steps are the deposition of the carbon precursor and the carbonization.

Pioneering research on preparing microporous carbons via hard-nanocasting were performed by Kyotani and co-workers using zeolites and layered clay minerals as templates, reporting the synthesis of zeolite templated carbons with a periodic arrangement and uniform microporosity in the range of 1-2 nm [START_REF] Kyotani | Formation of highly orientated graphite from polyacrylonitrile by using a two-dimensional space between montmorillonite lamellae[END_REF][START_REF] Kyotani | Template synthesis of novel porous carbons using various types of zeolites[END_REF][START_REF] Ma | Preparation of a high surface area microporous carbon having the structural regularity of Y zeolite[END_REF][START_REF] Kyotani | Formation of New Type of Porous Carbon by Carbonization in Zeolite Nanochannels[END_REF]. The choice of the scaffold is important, as it may affect the formation of the carbon layer upon the infiltration (e.g., acidic zeolites catalyze the decomposition of the carbon source by chemical vapor deposition, rendering higher porosity in the carbon replica). The carbon source is also important: small hydrocarbon gases (acetylene, propylene, benzene) are preferred for chemical vapor deposition, and polymeric monomers (e.g., furfuryl alcohol, acrylonitrile) dissolved in solvents for wet/vacuum impregnation. Better results in terms of higher surface area and micropore volumes have been reported for two-step methods combining CVD/wet impregnation protocols, allowing the uniform carbon deposition of the polymer carbonization and the formation of a robust carbon framework. As a result, microporous carbons with surface areas between 3600-4100 m 2 /g, and micropore volumes of up to 1.5 cm 3 /g have been reported. Unlike carbons obtained from KOH activation, such zeolite templated carbons have a very narrow micropore sized distribution without mesoporosity, as well as high mechanical stability and electrical conductivity (when annealed above 1000 ºC).

Besides zeolites, other scaffolds have been used such as metallic oxides (e.g., MgO, Fe 2 O 3 , MnO 2 ), clays, colloidal crystals, mesoporous silica and MOFs (Figure 1.2 B) [START_REF] Xia | Templated nanoscale porous carbons[END_REF][START_REF] Zhu | Nitrogen-doped porous carbon as-mediated by a facile solution combustion synthesis for supercapacitor and oxygen reduction electrocatalyst[END_REF][START_REF] Morishita | A review of the control of pore structure in MgO-templated nanoporous carbons[END_REF]. As an example, highly microporous carbons with large pore volumes (ca. 2.06 cm 3 /g) and surface areas of up to 2872 m 2 /g have been obtained using various MOFs as templates [START_REF] Liu | Metal-organic framework as a template for porous carbon synthesis[END_REF]. Furthermore, porous carbons with a micro-and mesopore structure have been obtained using ZnO nanoparticles as scaffold, due to the dual role of Zn as activating agent and graphitization catalyst (Figure 1.2 C) [START_REF] Yin | Synthesis strategies of porous carbon for supercapacitor applications[END_REF][START_REF] Yan | Review on porous carbon materials engineered by ZnO templates: Design, synthesis and capacitance performance[END_REF].

Sol-gel

Sol-gel approaches are based on the polycondensation of organic precursors and aldehydes in the presence of a catalyst. The resulting polymeric organic gels or resins can be converted to a rich-carbon material upon carbonization. In 1989, Pekala et al. [START_REF] Pekala | Organic aerogels from the polycondensation of resorcinol with formaldehyde[END_REF] reported for the first time the sol-gel polymerization and condensation of resorcinol (R) and formaldehyde (F) in the presence of a catalyst (C) in water. The sol-gel polycondensation of R-F mixtures is endothermic, and is typically catalyzed at ca. 80 ºC in aqueous medium. A curing step usually at 80-90 ºC allows the polymeric clusters to crosslink and form a wet organic gel. This is usually carried out by conventional heating furnaces, although microwave heating [START_REF] Rojas-Cervantes | Some strategies to lower the production cost of carbon gels[END_REF], photo-assisted [START_REF] Balan | A green and fast approach to nanoporous carbons with tuned porosity: UV-assisted condensation of organic compounds at room temperature[END_REF] and laser-induced [START_REF] Ma | Recent advances in preparation and application of laser-induced graphene in energy storage devices[END_REF] have also been reported to reduce the reaction time and energy consumption.

Regarding synthesis, a large number of parameters may affect the properties of the organic gels and the carbons (solution pH, molar ratios of the components, and curing temperature, among others) (Figure 1.2 D) [START_REF] Al-Muhtaseb | Preparation and properties of resorcinol-formaldehyde organic and carbon gels[END_REF][START_REF] Job | Porous carbon xerogels with texture tailored by pH control during sol-gel process[END_REF][START_REF] Rasines | Mesoporous carbon black-aerogel composites with optimized properties for the electro-assisted removal of sodium chloride from brackish water[END_REF][START_REF] Arenillas | Advances in Sol-Gel Derived Materials and Technologies Series Editors[END_REF]. The nature and concentration of the catalyst affect the porosity of the carbon gel. The most widely used catalyst is Na 2 CO 3 , and as a general trend, low R/C molar ratio favor the formation of predominantly microporous carbons with low surface areas. In contrast, high R/C ratios render carbon gels with larger surface areas and a well-developed mesoporous structure [START_REF] Rasines | Mesoporous carbon black-aerogel composites with optimized properties for the electro-assisted removal of sodium chloride from brackish water[END_REF][START_REF] Rasines | N-doped monolithic carbon aerogel electrodes with optimized features for the electrosorption of ions[END_REF][START_REF] Rasines | On the use of carbon black loaded nitrogen-doped carbon aerogel for the electrosorption of sodium chloride from saline water[END_REF]. Generally, a gelation temperature increase does not affect the microporosity but raises the mesoporosity [START_REF] Isaacs Páez | Fast synthesis of micro/mesoporous xerogels: Textural and energetic assessment[END_REF]. On the other hand, the temperature of carbonization, time and heating rate become significant parameters in the final porous network. Furthermore, carbonized gels can be activated to improve porosity, similarly to any other carbon precursor [START_REF] Gomis-Berenguer | Designing micro-and mesoporous carbon networks by chemical activation of organic resins[END_REF].

Other substituted phenolic compounds (e.g., catechol, phenol, hydroquinone), and heteroatom-containing molecules (e.g., urea, melamine, 3-hydroxypyridine) have been used as monomers for the preparation of functionalized carbon gels. The resulting porosity depends on the reactivity of the reactant's mixture, rendering predominantly microporous or micro-/mesoporous materials upon the operating conditions (Figure 1.2 E).

Furthermore, the incorporation of conductive additives (e.g., carbon black, graphene-derivatives) or metallic compounds opens up the possibility of preparing highly porous carbons with improved electrical conductivity carbons, in terms of efficiency or energetic yield [START_REF] Casanova | Carbon black as conductive additive and structural director of porous carbon gels[END_REF][START_REF] Macías | Mn-containing N-doped monolithic carbon aerogels with enhanced macroporosity as electrodes for capacitive deionization[END_REF][START_REF] Canal-Rodríguez | The relevance of conductive additive addition methodology for optimizing the performance of electrodes based on carbon xerogels in aqueous supercapacitors[END_REF]. Indeed, it was reported that the amount of carbonaceous additive and its nature (i.e., particle size, hydrophobic/hydrophilic character, structure, surface chemistry) strongly affect the final physicochemical properties of the carbon gel [66].

Another advantage of sol-gel routes is that they enable to produce monolithic carbons, which offers important advantages compared to powder or pellets (e.g., better diffusion and mass transfer rates of fluids, resistance to compression) [START_REF] Antonietti | Carbon aerogels and monoliths: Control of porosity and nanoarchitecture via Sol-Gel routes[END_REF][START_REF] Salihovic | Monolithic carbon spherogels as freestanding electrodes for supercapacitors[END_REF].

Self-activation

Self-activation consists in the single-step thermal treatment of a carbon precursor, rendering a porous carbon material in the absence of an added activating agent. Indeed, the composition of the precursor enables the self-activation (chemical or physical) during the thermal degradation of the matrix. For example, highly porous carbons have been obtained by carbonization of organic polymers, biopolymers and their salts (i.e., gluconates, alginates, citrates, sulfonates, maleic acid), and biomass containing alkaline or alkali earth elements as precursors [START_REF] Hines | Surface properties of porous carbon obtained from polystyrene sulfonic acid-based organic salts[END_REF][START_REF] Ania | Metal-loaded polystyrene-based activated carbons as dibenzothiophene removal media via reactive adsorption[END_REF][START_REF] Sevilla | A general and facile synthesis strategy towards highly porous carbons: carbonization of organic salts[END_REF][START_REF] Ferrero | Mesoporous carbons synthesized by direct carbonization of citrate salts for use as high-performance capacitors[END_REF][START_REF] Raymundo-Piñero | Tuning carbon materials for supercapacitors by direct pyrolysis of seaweeds[END_REF][START_REF] He | One-step large-scale fabrication of nitrogen doped microporous carbon by self-activation of biomass for supercapacitors application[END_REF][START_REF] Yao | Facile synthesis of high-surface-area nanoporous carbon from biomass resources and its application in supercapacitors[END_REF][START_REF] Kleszyk | Carbons with narrow pore size distribution prepared by simultaneous carbonization and self-activation of tobacco stems and their application to supercapacitors[END_REF][START_REF] Li | A sheet-like porous carbon for high-rate supercapacitors produced by the carbonization of an eggplant[END_REF][START_REF] Sun | Microporous activated carbons from coconut shells produced by self-activation using the pyrolysis gases produced from them, that have an excellent electric double layer performance[END_REF][START_REF] Wang | Cleanly synthesizing rotten potato-based activated carbon for supercapacitor by self-catalytic activation[END_REF][START_REF] Xia | Self-activation for activated carbon from biomass: theory and parameters[END_REF][START_REF] Bommier | Self-activation of cellulose: A new preparation methodology for activated carbon electrodes in electrochemical capacitors[END_REF][START_REF] Xia | Pine wood extracted activated carbon through self-activation process for high-performance lithium-ion battery[END_REF][START_REF] Zhang | Supercapacitors based on a nitrogen doped hierarchical porous carbon fabricated by self-activation of biomass: excellent rate capability and cycle stability[END_REF]. These compounds combine a carbon precursor and certain elements that during the heat-treatment generate species capable of acting as activating agents (releasing CO 2 , K, Na, etc.).

The pyrolysis yield and porous features of the carbon materials strongly depend on the composition of the feedstock, and for a given precursor on the operating parameter (temperature, dwelling time). For instance, alkali K-and Na-and nickel salts render essentially microporous carbons, whereas calcium, cobalt and iron favor the formation of mesopores [START_REF] Hines | Surface properties of porous carbon obtained from polystyrene sulfonic acid-based organic salts[END_REF][START_REF] Ania | Metal-loaded polystyrene-based activated carbons as dibenzothiophene removal media via reactive adsorption[END_REF][START_REF] Sevilla | A general and facile synthesis strategy towards highly porous carbons: carbonization of organic salts[END_REF][START_REF] Ferrero | Mesoporous carbons synthesized by direct carbonization of citrate salts for use as high-performance capacitors[END_REF]. Following these procedures, nanoporous carbons with surface areas ranging between 650-1960 m 2 /g and pore volumes of up to 2.6 cm 3 /g have been reported.

Another example is the one-step self-activation of biomass (e.g., seaweeds) rendering carbons with surface areas over 1000 m 2 /g (Figure 1.2 F) and a slightly developed mesoporosity [START_REF] Raymundo-Piñero | Tuning carbon materials for supercapacitors by direct pyrolysis of seaweeds[END_REF].

Conclusions

Owing to their inherent attributes in terms of high surface areas and pore volumes, tuneable porosity and versatile surface chemistry, porous carbons are key materials in many application fields such as water treatment, gas adsorption/separation, environmental remediation, and energy conversion and storage. Activated carbons are manufactured at industrial scale by the thermal or chemical gasification of a carbon precursor. While much knowledge has been accumulated over the years regarding the optimal activation conditions depending on the carbon precursor, the control of the porous features with these processes is still a challenge; particularly when high micropores volumes of adequate pore sizes are required. For this reason, much research has been directed towards the development of strategies to prepare nanoporous carbons with controlled textural features and increased carbon yield using renewable and abundant sources as precursors and sustainable and less energy demanding processes. Among those strategies, solvothermal carbonization, nanocasting, sol-gel methods and self-activating processes have been widely explored.

Matching the precursor to the synthetic procedure, using earth abundant activating agents, or applying post-synthetic activation methodologies have appeared as interesting approaches to obtain carbons with controlled porous features in the full nanometric scale.

The ever-increasing interest of these materials in different application fields triggers the continuous research on new synthetic methods to obtain carbon materials with controlled porosity without sacrificing other key performance parameters such as composition, wettability, electrical conductivity, or structural order (among others). Yet, the critical issue of all these procedures is to demonstrate the scalability of the synthetic routes and to evaluate the final cost to verify whether if the performance of such carbons with controlled pore architectures is compatible with the overall cost at large scale for near market implementation.
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 11 Figure 1.1. Illustration of most relevant synthesis methodologies to produce nanoporous carbons.

Figure 1 . 2 .

 12 Figure 1.2. (A) N 2 adsorption/desorption isotherms at -196 ºC for a series of hydrothermal activated carbons obtained at different temperatures. Reproduced from [29] with permission from the Royal Society of Chemistry. (B) Surface areas of nanoporous carbons prepared in Mg gluconate/PVA systems through powder mixing. Reproduced from [50] with permission from Elsevier. Copyright 2010. (C) Effect of temperature on pore volume upon the preparation of nanoporous carbon using ZnO nanoparticles as templates. Reprinted from [53] with permission from Elsevier. Copyright 2021. (D) Correlation between the gelation/aging time and temperature and the micro-mesopore volumes of porous carbons obtained by a solgel method. Reproduced from [63] with permission of Elsevier. Copyright 2015. (E) N 2 adsorption/desorption isotherms at -196 ºC of porous carbons obtained by sol-gel polycondensation of melamine/resorcinol/formaldehyde mixtures, showing the evolution of the micro-and mesoporosity upon the synthesis conditions. Reprinted from [61] with

Activating agent / Porogen Predominant porosity Physical activation

  

		CO 2 , steam	Highly microporous
	Chemical	KOH, H 3 PO 4 , ZnCl 2 ,	Highly
	activation	K 2 CO 3 , NaOH	microporous
	Hydro-solvothermal & carbonization	Self-generated volatiles (autogenous pressure)	Low porosity micro-/ mesoporous
	Hard template		
		Scaffolds	Microporous/ mesoporous (upon
	Nanocasting		template choice)
	Soft template		
		Surfactants, block	
		copolymers	Mesoporous
		Self-generated	
	Sol-gel	non-linked organic chains, O-and H-	Mesoporous
		surface groups	
	Self-activation	Self-generated	
		CO 2 , H 2 O	
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