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Introduction

Since their marketing by Sony in 1991, lithium-ion batteries (LIBs) have undoubtedly occupied a prominent place among various rechargeable energy storage systems reported so far.

The LiBs has superior gravimetric and volumetric energy densities in comparison with other types of batteries, namely lead-acid (Pb) or nickel metal Hydride battery (Ni-MH) [START_REF] Diouf | Potential of lithium-ion batteries in renewable energy[END_REF].

Furthermore, the LiBs have no memory effect, unlike nickel-cadmium battery. These are good reasons that make the scientists worldwide optimistic about lithium batteries and that have accelerated tremendously the application development of LIBs [START_REF] Cho | Nanocarbons in Li-Ion Batteries[END_REF].

Nowadays, the increasing demand for novel high performance power sources coupled with huge energy density pushes the scientist worldwide research new LIBs battery materials and devices beyond the current state of knowledge [START_REF] Bauer | Sophisticated skin[END_REF][START_REF] Lee | Progress in flexible energy storage and conversion systems, with a focus on cable-type lithium-ion batteries[END_REF][START_REF] Gogotsi | Energy storage wrapped up[END_REF]. The key achievement is to solve the problem of intermittency of renewable energies and also to efficiently store electrical energy and hence provide it on demand for a wide range of applications including portable consumer electronics such as mobile phones, game pads, and tablet computers and other mobile applications to electric vehicles. The intrinsic structures of electrode materials play without any doubt a crucial role in understanding battery chemistry and improving battery performance. A wide array of materials can be used [START_REF] Liu | Advanced Materials for Energy Storage[END_REF][START_REF] Liu | Oriented Nanostructures for Energy Conversion and Storage[END_REF], however the choice of materials shrinks drastically considering some factors such as the energy/weight ratio and the cost of the material used. Today's progress in nanoscience and nanotechnology shows promising opportunities to fabricate new electrode materials for nextgeneration LIBs. As an example, nanocarbon materials are considered as a promising battery element to enhance anodes' chemistry and thus LIBs performances [START_REF] Chabot | A review of graphene and graphene oxide sponge: material synthesis and applications to energy and the environment[END_REF][START_REF] Liu | Flexible and Stretchable Energy Storage: Recent Advances and Future Perspectives[END_REF][START_REF] Sun | Multifunctional, ultra-flyweight, synergistically assembled carbon aerogels[END_REF].

More generally, carbon has a prominent place in the world of batteries but not all carbons are good candidate as anode material [START_REF] Nowak | A negative effect of carbon phase on specific capacity of electrode material consisted of nanosized bismuth vanadate embedded in carbonaceous matrix[END_REF][START_REF] Majchrzycki | Graphene oxide-multiwalled carbon nanotubes composite as an anode for lithium ion batteries[END_REF]. Up to now, graphite seems to be unrivalled.

Lithium-ion batteries are currently the dominant battery technology and have been on the market for almost 3 decades now because of the success story of graphite, commonly used as an anode material. Graphite is proeminent because of its exceptional electronic conductivity owing to π-bonding electrons are delocalized over the entire plane, and its suitable structure for lithium ion intercalation and diffusion [START_REF] Kaskhedikar | Lithium storage in carbon nanostructures[END_REF] during charge/discharge. It is also widely used as a percolating additive as acetylene black [START_REF] Park | A review of conduction phenomena in Li-ion batteries[END_REF]. However, one wonders what its place will be in the coming years with respect to the new emerging battery technologies called post-lithium. Thus, in this review, after stating the limitations of graphite as a conventional lithium-ion battery anode and especially the number of electrons irreversibly used to form Solid Electrolyte Interphase (SEI), we will discuss the latest advances in research to improve the SEI stability such as recent electrolyte additives, watersoluble binders and surface coatings of the electrode materials. We will then broaden our scope to carbonaceous anodes and more particularly to nanostructures such as carbons nanotubes CNTs and graphene related materials. Other applications of carbon in batteries will also be discussed: not only as percolating agent but also as matrix support of positive electrode. Finally, we project carbon place in post-lithium by focusing on the electrochemical mechanisms involved mainly determined through operando measurements and the necessary adjustment of the carbon materials.

Tuning the solid electrolyte interphase in graphite electrode/Prospects for improving SEI properties

It is well known that electrolyte decomposition at the electrode/electrolyte interface leads to the formation of an interface layer of oxygen fluorides and carbonates called solid electrolyte interphase (SEI) [START_REF] Peled | Advanced Model for Solid Electrolyte Interphase Electrodes in Liquid and Polymer Electrolytes[END_REF]. This SEI layer acts as a diffusion barrier for solvents and electrical insulation (Figure 1) and also on the irreversible initial capacity loss, self-discharge, some partial unstabilty of cycle life, low-rate capability and lack of safety of LIBs. Its stabilization confers an excellent stability to the graphite electrode as well as a protection against the cointercalation of solvent molecules [START_REF] Peled | The Electrochemical Behavior of Alkali and Alkaline Earth Metals in Nonaqueous Battery Systems-The Solid Electrolyte Interphase Model[END_REF]. Consequently, since the 1990s, the solvents salts and graphite surface have been optimized in order to stabilize the SEI properties [START_REF] Peled | Review-SEI: Past, Present and Future[END_REF].

Figure 1: Changes at the anode/electrolyte interface. (Reprinted/adapted from ref [START_REF] Vetter | Ageing mechanisms in lithium-ion batteries[END_REF] with permission from Elsevier)

1.1.

Electrolyte additives

The presence of specific chemical additives in the electrolyte results in a modulation of the properties of the SEI. Electrolyte additives in lithium-ion systems improve not only the performance but also the life and the safety of these systems [START_REF] Agubra | The formation and stability of the solid electrolyte interface on the graphite anode[END_REF][START_REF] Logan | Electrolyte Development for High-Performance Li-Ion Cells: Additives, Solvents, and Agreement with a Generalized Molecular Model[END_REF][START_REF] Haregewoin | Electrolyte additives for lithium ion battery electrodes: progress and perspectives[END_REF]. Among them, the most commonly encountered are cyclic carbonates [START_REF] Wang | A Comparative Study of Vinylene Carbonate and Fluoroethylene Carbonate Additives for LiCoO2/Graphite Pouch Cells[END_REF][START_REF] Son | Effect of reductive cyclic carbonate additives and linear carbonate co-solvents on fast chargeability of LiNi0.6Co0.2Mn0.2O2/graphite cells[END_REF] such as vinylene carbonate (VC) which improve the mechanical properties of SEI through the formation of polymeric species [START_REF] Matsuoka | Ultra-thin passivating film induced by vinylene carbonate on highly oriented pyrolytic graphite negative electrode in lithium-ion cell[END_REF][START_REF] Aurbach | On the use of vinylene carbonate (VC) as an additive to electrolyte solutions for Li-ion batteries[END_REF] and reduce the irreversible capacity up to 37 %. In the same way, fluoroethylene carbonate (FEC) when reduced in the presence of lithium is transformed into VC and LiF, again enhancing the properties of SEI [START_REF] Mogi | Effects of Some Organic Additives on Lithium Deposition in Propylene Carbonate[END_REF][START_REF] Markevich | Fluoroethylene Carbonate as an Important Component in Electrolyte Solutions for High-Voltage Lithium Batteries: Role of Surface Chemistry on the Cathode[END_REF][START_REF] Xia | Fluorinated Electrolytes for Li-Ion Batteries: The Lithium Difluoro(oxalato)borate Additive for Stabilizing the Solid Electrolyte Interphase[END_REF][START_REF] Markevich | Very Stable Lithium Metal Stripping-Plating at a High Rate and High Areal Capacity in Fluoroethylene Carbonate-Based Organic Electrolyte Solution[END_REF]. It favors lithium stability alone or in graphite and if lithium is used as both as cathode and anode, an areal capacity of 3.3 mAh cm -2 for more than 1100 cycles can be obtained against 2.5 mAh cm -2 up to only 500 cycles without FEC into the electrolyte.

Fluorinated molecules appear recently as new interesting additives. Nie et al. [START_REF] Nie | Development of Pyridine-Boron Trifluoride Electrolyte Additives for Lithium-Ion Batteries[END_REF] prove that the Pyridine-Boron Trifluoride additives yield cells with excellent capacity retention and maintaining of low impedance during cycling at high voltage [START_REF] Nie | Development of Pyridine-Boron Trifluoride Electrolyte Additives for Lithium-Ion Batteries[END_REF][START_REF] Yang | Improving the cyclability performance of lithium-ion batteries by introducing lithium difluorophosphate (LiPO2F2) additive[END_REF][START_REF] Nie | Some Lewis acid-base adducts involving boron trifluoride as electrolyte additives for lithium ion cells[END_REF]. However, only 2 to 3% increase in performance is achieved. Similarly, the LiPO2F2 is an effective additive for graphite-based cells as it decreases resistive effect on both positive and negative electrodes and increases cycle number [START_REF] Liu | Effects of the LiPO2F2 additive on unwanted lithium plating in lithium-ion cells[END_REF][START_REF] Ma | LiPO2F2 as an Electrolyte Additive in Li[Ni0.5Mn0.3Co0.2]O2/Graphite Pouch Cells[END_REF]. To maintain 96% of the initial capacity, only 600 cycles is possible for NMC532/graphite pouch cells whereas with 1 w/w% LiPO2F2 amount introduce in the electrolyte, more than 2000 are available. The fluorinated phosphate lithium bis (2,2,2trifluoroethyl) phosphate (LiBFEP) appears as an interesting film-forming additive [35] but favoring only 0.5 % increase in coulombic efficiency when it has been added as 0.5 wt% in the electrolyte. Xu et al. [START_REF] Xu | Investigation and application of lithium difluoro(oxalate)borate (LiDFOB) as additive to improve the thermal stability of electrolyte for lithium-ion batteries[END_REF] demonstrate that lithium difluoro (oxalate) borate (LiDFOB) can be used as solid electrolyte interphase (SEI) formation additive with a stabilization effect upon temperature. The discharge capacity retention increased from 15% to 66.4% after 200 cycles under 60°C. Such an additive should be more evaluated to be sure of its potentiality.

Organic sulphates and sulfonates are also excellent additives. Hall et al. [START_REF] Hall | The Solid-Electrolyte Interphase Formation Reactions of Ethylene Sulfate and Its Synergistic Chemistry with Prop-1-ene-1,3-Sultone in Lithium-Ion Cells[END_REF] report the interest of ethylene sulfate (DTD) and prop-1-ene-1,3-sultone (PES) to inhibit direct reduction of solvents. Madec et al. [START_REF] Madec | The Effects of a Ternary Electrolyte Additive System on the Electrode/Electrolyte Interfaces in High Voltage Li-Ion Cells[END_REF] have shown that the addition of PES, methylene methane disulfonate and tris-(trimethylsilyl)-phosphite (TTSPi) allows to modify the passivation layer on the graphite surface hindering its degradation at high voltage. Cells with 2% PES allow a better cycling at 4.4 V of NMC442/graphite by comparison of 2% VC additive and to sustain 4.7V the as formentioned ternary additive is a solution to follow.

The reason why additives act positively is still under question and Gauthier et al. have

proposed an interesting approach combining computational studies and experimental measurements [START_REF] Gauthier | A Joint DFT and Experimental Study of an Imidazolidinone Additive in Lithium-Ion Cells[END_REF]. This way will certainly allow to design optimized additives.

Binders

Over the last ten years, the use of water-soluble binders has gradually replaced the relatively costly polyvinylidene fluoride (PVDF) dispersible in harmful and teratogen N-Methyl-2-pyrrolidone (NMP) for graphite electrode [START_REF] Malek | Repeated dose toxicity study (28 days) in rats and mice with N-methylpyrrolidone (NMP)[END_REF][START_REF] Schmuch | Performance and cost of materials for lithium-based rechargeable automotive batteries[END_REF]. The major advantage of implementing water-based formulation of electrode is the positive impact on environment on

LIBs production [START_REF] Bresser | Alternative binders for sustainable electrochemical energy storage -the transition to aqueous electrode processing and bio-derived polymers[END_REF].

Among them, the carboxymethyl cellulose (CMC) and the styrene butadiene rubber (SBR)

have been widely used because they can form quickly an ''artificial SEI'' which lower first cycle irreversible capacity loss of 2% [START_REF] Buqa | Study of styrene butadiene rubber and sodium methyl cellulose as binder for negative electrodes in lithium-ion batteries[END_REF]. Moreover, Zhang et al. show the possibility of coupling both high voltage spinel functioning at 4.75V and graphite anode thanks to the use of CMC/SBR as binder [START_REF] Zhang | Enabling steady graphite anode cycling with high voltage, additive-free, sulfolane-based electrolyte: Role of the binder[END_REF]. El Ouatani et al. [START_REF] Ouatani | Surface film formation on a carbonaceous electrode: Influence of the binder chemistry[END_REF] recognize that CMC generates a protective surface layer on carbonaceous electrode composed of R-O-PF4 and LiF and that leads to an improved electrochemical performance. Moreover, thanks to its functional group, CMC enables stable suspensions of hydrophobic graphite particles in water [START_REF] Bresser | Alternative binders for sustainable electrochemical energy storage -the transition to aqueous electrode processing and bio-derived polymers[END_REF]. Indeed, the numerous hydroxyl and carboxyl groups on graphite are also one of the factors for improving electrochemical performance.

Lee et al. [START_REF] Lee | Effect of poly(acrylic acid) on adhesion strength and electrochemical performance of natural graphite negative electrode for lithiumion batteries[END_REF] show that the adhesion strength of the graphite electrode on the copper substrate is significantly improved by using poly(acrylic acid) (PAA) because of its numerous functional groups allowing the PAA adsorption on the graphite surface through hydrogen bonding. The PAA formulation also leads to improved cycle life, with a discharge capacity exceeding 90% of initial capacity after 500 cycles against 62.5% for 800 mAh-class prismatic Li-ion battery. Drofenik et al. [START_REF] Drofenik | Carbon anodes prepared from graphite particles pretreated in a gelatine solution[END_REF] use gelatine as binder which acts as a surface modifier promoting nucleation centers for the formation of a thinner passivation film.

Interestingly, water-soluble binders also have a beneficial influence on the graphite electrode thermal behavior. For example, chitosan-based anode can improve the capacity retention by comparison with PVDF-based of 6.1 % [START_REF] Chai | Chitosan, a new and environmental benign electrode binder for use with graphite anode in lithium-ion batteries[END_REF]. Park et al. show that the heat energy release relative to the delithiation process is strongly diminished in the case of CMC/SBR or polyacrylic acid (PAA) binders, compared to PVDF binders [START_REF] Park | Effect of polymeric binder type on the thermal stability and tolerance to roll-pressing of spherical natural graphite anodes for Li-ion batteries[END_REF]. It favors a reduced irreversible capacity of 22%.

Surface coating and functionalisation

Surface coating can be used to form a protective layer on the graphite surface, which can reduce the side surface reaction, improve the structural integrity and enhances charge transportation. Many strategies have been tried such as coatings of metal or metal oxides, inorganic salts, polymers, carbon. 

Metal and metal oxides

Metal oxides such as Al2O3 [START_REF] Feng | Low-Cost Al2O3 Coating Layer As a Preformed SEI on Natural Graphite Powder To Improve Coulombic Efficiency and High-Rate Cycling Stability of Lithium-Ion Batteries[END_REF][START_REF] Li | Preparation of Al2O3-coated expanded graphite with enhanced hydrophilicity and oxidation resistance[END_REF], Li4Ti5O12 [START_REF] Gao | Li4Ti5O12 coated graphite anodes with piperidinium-based hybrid electrolytes for lithium ion batteries[END_REF] etc. are known to improve the electrochemical performance while reducing the contact between active material and electrolyte. In this way, by depositing a thin film of Al2O3 by atomic layer deposition (ALD) on graphite anode an enhancement on cycle stability could be achieved in a PC-based electrolyte with a 95% capacity maintained under 200 cycles thanks to ALD managed onto the electrode-based graphite whereas it is only 3 cycles without ALD [START_REF] Wang | Chemical vapor deposition and atomic layer deposition for advanced lithium ion batteries and supercapacitors[END_REF]. Park et al. [START_REF] Park | Ultrathin Lithium-Ion Conducting Coatings for Increased Interfacial Stability in High Voltage Lithium-Ion Batteries[END_REF] coat lithium aluminate (LiAlO2) on the surface of graphite materials by ALD and 50% more capacity is obtained for LiNi0.5Mn1.5O4/graphite full cell working at C/3 rate. Because of its high ionic conductivity this layer provides a thin but stable barrier against the electrolyte decomposition without increasing the interface impedance. It is also possible to limit the dendrite formation with metal coating, Tallman et al. sputter a nanoscale layer of Cu and Ni on graphite to increase the overpotential for Li deposition and then suppress Li plating [START_REF] Tallman | Anode Overpotential Control via Interfacial Modification: Inhibition of Lithium Plating on Graphite Anodes[END_REF].

Moreover, enhanced capacity retention (90% after 300 cycles) is obtained (85% without nanoscale layer sputtering).

ii.

Inorganic salts

To enhance the electrochemical performance, pre-treatment of graphite powders with inorganic salt allows the modification of the SEI film on graphite. Komaba et al. [START_REF] Komaba | Impact of Sodium Salt Coating on a Graphite Negative Electrode for Lithium-Ion Batteries[END_REF] investigate an inorganic salt coating on graphite powders in NaCl and Na2CO3 aqueous solutions and the suppression of the irreversible capacity was obtained without damaging the reversible capacity. Bhattacharya et al. [START_REF] Bhattacharya | Electrochemical cycling behaviour of lithium carbonate (Li2CO3) pre-treated graphite anodes -SEI formation and graphite damage mechanisms[END_REF] prove that Li2CO3 enriched SEI formed on the pre-treated electrodes help to reduce solvent co-intercalation and then electrode delamination. The Li2CO3 enriched SEI may help Li + diffusion and hence improve the capacity retention during long-term cycling. The main difficulty of such strategy is the control of the amount of inorganic salt onto the electrode material. Polymers coating offers a better control.

iii. Polymers

In order to achieve polymer coating on graphite, Liu et al. [START_REF] Liu | LiPON as a protective layer on graphite anode to extend the storage life of Li-ion battery at elevated temperature[END_REF] synthesize via radio frequency magnetron sputtering, a lithium phosphorous oxynitride (LiPON) thin-film layer on the top of a graphite anode. LiPON usually used as a polymer electrolyte for lithium polymer battery has been reported as an efficient artificial SEI on graphite anode and restrain the capacity loss upon storage ageing. Another efficient way is to apply a precursor which will turn into a protective SEI layer via in-situ polymerization reaction on the graphite surface during the cell formation [START_REF] Shi | Constructing an elastic solid electrolyte interphase on graphite: a novel strategy suppressing lithium inventory loss in lithium-ion batteries[END_REF]. Starting from sodium acrylate solution (3 wt%), a low increase of about 4% in capacity retention is obtained. Shi et al. [START_REF] Shi | Robust solid/electrolyte interphase on graphite anode to suppress lithium inventory loss in lithium-ion batteries[END_REF] adopt 3 wt% sodium maleate solution as a coating material by using liquid coating technique. The radical polymerization allows the formation of a strength and elastic SEI, which enhances the electrochemical performance of graphite anode. The graphite-based electrode can retain 70% of the reversible capacity at 30 C against 55% without coating. The 2,2-dimethylethenylboronic acid (DEBA) has also been reported recently as a possible polymer for graphite coating [START_REF] Heng | Controllable solid electrolyte interphase precursor for stabilizing natural graphite anode in lithium ion batteries[END_REF]. An optimum layer of 20 nm is required for optimized performance and allows sustainable 50C current density. The polymer coating appears as better as fluorinated additive previously mentioned to reduce fading.

iv. Carbon functionalization

For carbons, there are many different types of functionalization. In this paragraph, we have chosen to classify them according to the classical categories: heteroatom doping, functional group grafting and defect shielding (Figure 3).

Figure 3: Illustration of the different functionalities of carbon

Contrary to the other strategies already discussed, the effect of doping is mainly on the reversible capacity. Stadie et al. [START_REF] Stadie | Direct Synthesis of Bulk Boron-Doped Graphitic Carbon[END_REF] correlate boron content in graphite with an increased maximum capacity of 550 mAh g -1 for an optimal composition BC3. The grafting of functional groups allows to improve the wettability and the reactivity of graphite. Ein-Eli et al. [START_REF] Ein-Eli | Chemical Oxidation: A Route to Enhanced Capacity in Li-Ion Graphite Anodes[END_REF] prove that the chemical oxidation of graphite powder by strong oxidative agents increase the reversible capacity up to 430 mAh g -1 and reduce the irreversible capacity loss during the first cycle. Gong et al. [START_REF] Gong | Surface-Functionalized Graphite as Long Cycle Life Anode Materials for Lithium-Ion Batteries[END_REF] synthesize by the Diels-Alder reaction a series of functionalized graphite to chemically attach anhydride groups and then by the esterification reaction to further graft methyl-terminated ethylene glycol or polyethylene glycol chain on the surface of the graphite. Here it is mainly an improvement of 24.1% in cyclic life that is obtained.

Moving to nanocarbons as electrode materials in LiBs

The theoretical specific capacity of LIBs using graphite as an anode material is limited to 372 mAh g -1 and that can be related to the formation of LiC6 as a result of the intercalation of one lithium atom per six carbon atoms, which leads to a limited theoretical specific capacity and an observed capacity ranging from 280 to 330 mAh g -1 , depending on the type of graphite used [START_REF] Yang | Electrochemical energy storage for green grid[END_REF]. Nanocarbons are ideal candidates for LIBs materials thanks to the diversity of nanostructured carbon allotropes having various dimensions, such as fullerenes with 0D, carbon nanotube (CNTs, 1D), graphene (2D), and three-dimensional carbons like graphite and nanodiamond. In particular, CNTs and graphene have received great attention of researchers due to their unique electrical, mechanical and structural properties, as well as their large surface area, that allow the obtention of superior electrochemical performance and it opens the door for more diversity and flexibility of LIBs [START_REF] Tarascon | Issues and challenges facing rechargeable lithium batteries[END_REF].

CNTs are characterized by their lightweight, large surface area, especially for SWCNTs with 1315 m 2 g -1 , which is tremendous if compared to the surface area of graphite (10-20 m 2 g -1 ) [START_REF] Ajayan | Nanotubes from Carbon[END_REF][START_REF] Pumera | The Electrochemistry of Carbon Nanotubes: Fundamentals and Applications[END_REF]. Graphene, recognized as a "wonder material", possesses amazing characteristics: its high electron mobility 100 times faster than silicon, excellent conductor of electricity (its electrical conuctivty is 13 times better than copper), excellent conductor of heat as it conducts heat 2 times better than diamond. Besides, it is lightweight, flexible, chemically inert with a large surface area than can exceed 2630 m 2 g -1 [START_REF] Bahiraei | Graphene family nanofluids: A critical review and future research directions[END_REF]. The 3D flexible and conductive interconnected network of graphene can play a major role in improving the electronic and ionic transportation, thus graphene addition leads to a great enhance of LIB properties [START_REF] Zhu | The application of graphene in lithium ion battery electrode materials[END_REF].

The following section gives an overview of the most recent advances on nanocarbons (focusing on CNTs and graphene) in lithium-ion systems, both in traditional systems and for new application ones.

CNTs as Anode Materials for LIBs

Carbon nanotubes display great features when used as anode materials for LIBs such as high conductivity (10 6 S m -1 at 300 K for single walled carbon nanotubes (SWCNTs) and >10 5 S m -1 for multi walled carbon nanotubes (MWCNTs), low density, high rigidity, and high mechanical properties namely high tensile strength [START_REF] De Las Casas | A review of application of carbon nanotubes for lithium ion battery anode material[END_REF][START_REF] Li | Progress in Application of CNTs in Lithium-Ion Batteries[END_REF].

i. Pristine SWCNTs and MWCNTs

Carbon nanotubes, both multi-walled and single-walled have displayed much improved lithium capacity compared to graphite [START_REF] Sun | Nanostructured high-energy cathode materials for advanced lithium batteries[END_REF][START_REF] Oh | Double Carbon Coating of LiFePO4 as High Rate Electrode for Rechargeable Lithium Batteries[END_REF].

Because there is only one layer of graphene in SWCNTs, the diameter range of SWCNTs is few nanometers (ranging from 0.4 to 2 nm) [START_REF] Huang | Growth mechanism of oriented long single walled carbon nanotubes using "fast-heating" chemical vapor deposition process[END_REF]. SWCNTs have large surface area up to 2630 m 2 g -1 , which can largely enhance Li storage by offering more active sites. They show a reversible lithium capacity of 460 mAh g -1 , higher than that obtained for graphite (372 mAh g - 1 ) [START_REF] Roselin | Recent Advances and Perspectives of Carbon-Based Nanostructures as Anode Materials for Li-ion Batteries[END_REF]. It can even reach more than 1000 mAh g -1 if defects are introduced on the surface of the tubes [START_REF] Li | Progress in Application of CNTs in Lithium-Ion Batteries[END_REF][START_REF] Frackowiak | Electrochemical storage of energy in carbon nanotubes and nanostructured carbons[END_REF]. Kawasaki et al. [START_REF] Kawasaki | Metallic and semiconducting single-walled carbon nanotubes as the anode material of Li ion secondary battery[END_REF] show through electrochemical charge-discharge measurements that the metallic CNTs are able to store approximately 5 times more lithium ions than the semiconducting ones. Furthermore, experimental studies and theoretical calculations were performed on the interaction of Li ions with SWCNTs with different chiralities. For example, Udomvech et al. [START_REF] Udomvech | Theoretical investigation of lithium-atom insertion into ultra-small diameter carbon nanotubes[END_REF] show that chirality is a crucial factor that affects the interaction of Li with the tube, and thus may affect the use of carbon nanotubes for LIBs application.

The distinctive structural arrangement of MWCNTs (graphene layers rolled into closed concentric cylinders with a diameter ranging from 10 to 20 nm and length of about hundreds of microns [START_REF] Dai | Carbon nanotubes: opportunities and challenges[END_REF]) makes them suitable for LIBs systems not only because the Li ions inserted in the multiple rolled layers are similar to graphite [START_REF] Xiong | Applications of Carbon Nanotubes for Lithium Ion Battery Anodes[END_REF], but also the hollow cores of MWCNTs are available for lithium-ion intercalation [START_REF] Xiong | Applications of Carbon Nanotubes for Lithium Ion Battery Anodes[END_REF][START_REF] Zukalova | Organized Mesoporous TiO[sub 2] Films Stabilized by Phosphorus: Application for Dye-Sensitized Solar Cells[END_REF],. Thus, the use of multi-walled CNTs result in a higher capacity compared to graphite.

Much work has been done to verify the excellent electrochemical performance of MWCNTbased anode materials in LIBs applications.

A brief summary of the most important works in this regard is shown hereafter:

-The comparative studies of electrochemical characteristics of MWCNTs was performed by Welna et al. [START_REF] Welna | Vertically aligned carbon nanotube electrodes for lithium-ion batteries[END_REF] for vertically aligned and non-aligned tubes. The aligned tubes exhibit higher lithium storage with a 980 mAh g -1 capacity at the 1 st cycle and a stable value of 750 mA h g -1 after 10 cycles, whereas for the non-aligned ones, the corresponding capacities are 158 and 58 mA h g -1 , respectively. The authors attribute these results to the structure of the aligned MWCNTs that contain more sites for Li adsorption, and the aligned MWCNTs contacts helps for maintaining current collector electrical continuity.

-Kang et al. [START_REF] Kang | 3-dimensional carbon nanotube for Li-ion battery anode[END_REF] report superior electrochemical performance from a structure based on MWCNTs. The authors show that 3-dimensional anode exhibits better electrochemical performance including higher specific capacity, and improved cycle stability, compared to a 2D MWCNTs/Cu foil electrode.

-Shin et al. [START_REF] Shin | Electrochemical insertion of lithium into multi-walled carbon nanotubes prepared by catalytic decomposition[END_REF] use high-purity MWCNTs synthetized without any preformed substrates and the electrochemical tests result in an ideal reversibility and limited hysteretic loss. The authors attribute their results to the extremely pure structural character of the MWCNTs with moderate chemical diffusion coefficient of lithium through the structure.

ii.

Modified SWCNTs and MWCNTs

Although CNTs are suitable candidates for use in LiBs, the electrochemical performance of CNTs could be affected by many factors such as impurities, structural defects, and degree of graphitization, which can be controled this by either the synthesis methods or other treatments [START_REF] Roselin | Recent Advances and Perspectives of Carbon-Based Nanostructures as Anode Materials for Li-ion Batteries[END_REF]. CNTs modification could include many processes such as: irradiation, ball milling, purification, acid treatment, chemical etching, post-treatment, etc. These methods can be adjusted to strengthen the electrochemical properties of the carbon nanotubes [START_REF] Shen | Wet Chemistry Self-Seeded Surface-Deposition Process toward Amorphous Carbon Nanotubes and Their Electrochemical Application[END_REF][START_REF] Zhou | Synthesis and high-rate capability of quadrangular carbon nanotubes with one open end as anode materials for lithium-ion batteries[END_REF]. Electron irradiation [START_REF] Spinney | Electron beam stimulated oxidation of carbon[END_REF] and ion irradiation [START_REF] Skákalová | Ion irradiation effects on conduction in single-wall carbon nanotube networks[END_REF] were proficiently used to produce controlled and perfectly located defects on the CNTs' surfaces, but it is difficult to prepare a uniformely distributed open holes in the nanotube, since the defects caused by these 2 methods are limited to point defects on the CNTs structure.

Chemical etching [START_REF] Shimoda | Lithium intercalation into etched single-wall carbon nanotubes[END_REF][START_REF] Mi | A non-GIC mechanism of lithium storage in chemical etched MWNTs[END_REF][START_REF] Wu | Effects of pretreatment of natural graphite by oxidative solutions on its electrochemical performance as anode material[END_REF] which proceeds by the reaction between CNTs and a strong acid such as sulfuric acid or nitric acid resulting in the production of large amount of oxygenated groups on the CNTs, as well as ball-milling [START_REF] Eom | Effects of ball-milling on lithium insertion into multi-walled carbon nanotubes synthesized by thermal chemical vapour deposition[END_REF][START_REF] Gao | Enhanced saturation lithium composition in ball-milled singlewalled carbon nanotubes[END_REF] (mechanical cutting of the CNTs) are among the most popular ways to change the morphological properties of the CNTs. These two methods may lead to the obtention of short CNTs and/or defective CNTs or a combination of these. The shorter carbon nanotubes obtained could enhance the reversible capacity of the CNTs by improving the Li diffusion into the interior of CNTs.

-Yang et al. [START_REF] Yang | A comparative study of electrochemical properties of two kinds of carbon nanotubes as anode materials for lithium ion batteries[END_REF] report a comparative study of the electrochemical properties of short and long carbon nanotubes as anode materials for LIBs. They find that the short CNTs display higher reversible capacity (266 and 170 mAh g -1 at current densities of 0.2 and 0.8 mA cm -2 , respectively), than the values obtained with the long CNTs.

-Wang et al. [START_REF] Wang | Preparation and electrochemical performance of ultrashort carbon nanotubes[END_REF] compared the electrochemical performance of ultrashort CNTs (i.e.

with ultra-short length of about 300 nm) and long traditional CNTs. The ultrashort CNTs exhibit improved electrochemical performance and the authors claim that this work is an important step forward for the miniaturizing electrode devices. Even if the performance is lower than graphite in terms of gravimetric energy density, it is more interesting in terms of volumetric energy density. [START_REF] Wang | Preparation and electrochemical performance of ultrashort carbon nanotubes[END_REF] with permission from Elsevier However, chemical etching and mechanical ball-milling methods are accompanied by a destruction of the graphitic structure, as well as some long CNTs remaining because of the non-homogeneous cutting, and a drastic loss of the raw materials. To say more, athough the reversible capacity of CNTs is increased by the etching treatment, the coulombic efficiency drops because of too many structure defects induced [START_REF] Mi | A non-GIC mechanism of lithium storage in chemical etched MWNTs[END_REF]. Also, although the reversible capacity and the coulombic efficiency of CNTs are improved by optimizing the time of ball milling, a large voltage hysteresis becomes apparent [START_REF] Gao | Enhanced saturation lithium composition in ball-milled singlewalled carbon nanotubes[END_REF].

), (d) charge capacities of long and short CNTs as a function of cycle number. Reproduced/adapted with permission from ref

The structure of the carbon nanotubes is a game changer for both specific capacity and cycle life. More specifically, the degree of crystallinity has a durect effect directly on the electrochemical behavior of MWCNTs.

Wu et al. [START_REF] Wu | Structure and Lithium Insertion Properties of Carbon Nanotubes[END_REF] show that moderately graphitized CNTs have a specific capacity of 640 mAh g - 1 , whilst high-graphitized CNTs exhibit a specific capacity of 282 mAh g -1 during the first charge. After twenty cycles, the charge capacity of the materials with low degree of graphitization was reduced to 65.3% of their raw charge capacities, but samples with high graphitization degree maintained 91.5% of their initial charge. The higher performance of the moderatly graphitized CNTs could be explained to an irreversible adsorption of Li + into nongraphitized regions of the material, edges of graphitic layers, microcavities and on the surface of mono graphitic layers. Moreover, the presence of defects will create surface and thus increase the formation of SEI during the first charge [START_REF] Wu | Structure and Lithium Insertion Properties of Carbon Nanotubes[END_REF]. Other works comparing the electrochemical properties of low and highly graphitized MWCNTs were reported [START_REF] Yoon | Novel carbon nanofibers of high graphitization as anodic materials for lithium ion secondary batteries[END_REF]. It was established that the specific capacity is enhanced by the use of less graphitized MWCNTs, while more graphitized MWCNTs samples allow to increase the cycle stability and chargedischarge rates [START_REF] Yoon | Novel carbon nanofibers of high graphitization as anodic materials for lithium ion secondary batteries[END_REF][START_REF] Che | Carbon nanotubule membranes for electrochemical energy storage and production[END_REF].

iii.

Free-Standing CNT "Papers" for LIB Anodes Binder-free model electrodes with carbon nanotubes have received considerable attention in terms of electrochemical performance in recent years. Free-standing film electrodes are very attractive for electrochemical characterization as model electrodes for LIBs because they are lightweight, flexible, binder-free, and current-collector-free electrodes [START_REF] Zeng | Towards the practical use of flexible lithium ion batteries[END_REF][START_REF] Hu | Free-standing graphene-carbon nanotube hybrid papers used as current collector and binder free anodes for lithium ion batteries[END_REF]. Also, they are easy to handle with favorable mechanical properties, which allow making highperformance, flexible electrodes.

Different types of carbon nanotubes are used to fabricate free-standing CNTs films [START_REF] Chew | Flexible free-standing carbon nanotube films for model lithium-ion batteries[END_REF],

and show several advantages over the conventional electrodes. For instance, a study carried out by Chew et al. [START_REF] Chew | Flexible free-standing carbon nanotube films for model lithium-ion batteries[END_REF] compare free-standing highly conductive binder-free films made from 3 kinds of commercially available CNTs, i.e., SWCNTs, DWCNTs and MWCNTs. [START_REF] Yang | A comparative study of electrochemical properties of two kinds of carbon nanotubes as anode materials for lithium ion batteries[END_REF] The preparation of the conductive films was carried out by preparing a dispersion of carbon nanotubes, carbon black and a nonionic surfactant (Triton X-100), then a vacuum filtration technique was performed. Results show that MWCNTs-based films exhibit much better electrochemical perofrmance than single-wall and double-wall CNTs one. More specifically, the MWCNTs-based films deliver a reversible charge of 300 mAh g -1 , a value considerably higher than that of SWCNTs and DWCNTs films [START_REF] Chew | Flexible free-standing carbon nanotube films for model lithium-ion batteries[END_REF]. That's not all, the coulombic efficiency of MWCNTs film (equal to 80% for the second cycle) is significantly larger than the one of the SWCNTs and the DWCNTs-based films (59 and 57%, respectively (Figure 5)). The MWCNTs allow up to 10 C-rate and show a very stable cycling behavior [START_REF] Chew | Flexible free-standing carbon nanotube films for model lithium-ion batteries[END_REF]. Reproduced/adapted with permission from ref [START_REF] Chew | Flexible free-standing carbon nanotube films for model lithium-ion batteries[END_REF] with permission from Elsevier

Graphene

As we mentionned earlier, graphene is considered a perfect candidate for energy storage thanks to its fascinating intrinsic properties. The interconnected networks of graphene with large surface and controllable pore sizes on one hand, and on the other hand a high electrical conductivity, contribute to the reasons behind the performance of graphene and graphene hybrids in energy storage applications and devices [START_REF] Chaichi | Substrate Engineered Interconnected Graphene Electrodes with Ultrahigh Energy and Power Densities for Energy Storage Applications[END_REF]. Graphene is characterized by a high electron mobility (15000 cm 2 /(Vs)), excellent thermal conductivity (3000 W/(mK)) [START_REF] Bolotin | Ultrahigh electron mobility in suspended graphene[END_REF], and excellent chemical and mechanical properties, which make graphene ideal for composite materials used as electrode [START_REF] Zhu | The application of graphene in lithium ion battery electrode materials[END_REF].

i. Pristine graphene and related materials

Yong-Jian et al. [START_REF] Yongjian | A highquality aqueous graphene conductive slurry applied in anode of lithium-ion batteries[END_REF], produce high mass concentration (1%) graphene conductive slurries as conductive agent for LIBs through a combination of mechanical agitation, ultrasonic dispersion, and surface modification by different dispersants, including polyvinyl pyrrolidone, sodium lignin sulfonate, and CMC). Dispersant CMC seem to have the most prominent effect on improving the dispersion and stability of graphene in the water solution. Applying the graphene slurry GR-CMC as the conductive agent of Li-ion batteries also shows an excellent battery performance. The first charge/discharge capacity is 1273 / 1723 mAh g -1 , and the coulombic efficiency is 73.9% at a current density of 100 mA g -1 . The capacity retention rate of the anode is 84% (1070 mAh g -1 ) after 100 cycles under a 200 mA g -1 current density.

Xing et al. [START_REF] Xing | Porous graphene prepared from anthracite as high performance anode materials for lithium-ion battery applications[END_REF] prepare porous graphene which exhibit a high reversible capacity of 770 mAh g -1 at 0.1 C current density and capacities of 274 mAh g -1 and 224 mAh g -1 at 10 and 20

C current densities, when used as anode material in LIBs. Moreover, a capacity retention of 98% of the initial reversible capacity was obtained after 110 cycles. Such performance is due to the presence of large pore volume (providing fast electron and ion transportation), as well as the presence of nanoporosity and structural defects which provide the active sites for the storage of Li + ions.

Zhou et al. [START_REF] Zhou | Millimeter-sized fewlayer graphene sheets with aligned channels for fast lithium-ion charging kinetics[END_REF] synthetize by self-catalysis-assisted method using L-glutamic acid and iron chloride as precursors, millimeter-sized few-layer graphene sheets with aligned porous channels parallel to the 2D-direction (60-85 nm in diameter). Used as anodes in lithium ion batteries, these graphene sheets showed a good rate capability (142 mA h g -1 at 2 A g -1 ) and high capacity retention of 93% at 2 A g -1 after 1200 cycles. The authors explain that diffusion and capacitive behavior of lithium ions are accelerated in the channels by the improvement of electron transfer and the shortening of Li + ions transport pathway. Such porous graphene sheets not only facilitate rapid and stable transfer of electrons and ions, but also provide additional active sites for Li + storage.

Zhong et al. [START_REF] Zhong | Multilayer graphene spheres generated from anthracite and semi-coke as anode materials for lithium-ion batteries[END_REF] describe a scalable graphitization strategy to convert, at relatively low temperature using nickel as catalyst, anthracite and semi-coke into open-shell hollow multilayer spheres of graphene. As anode materials for LIBs, the as-obtained multilayer graphene spheres show good electrochemical performances including considerable reversible capacity of 389.8 mAh g -1 and 401.4 mAh g -1 at 0.1 A g -1 (Figure 6). the main significance of this work lies in an easily scalable production route for graphene rather than the electrochemical performance obtained by using these materials which is far from being exceptional. a rate of 0.5 mV s -1 . Reproduced/adapted with permission from ref [START_REF] Zhong | Multilayer graphene spheres generated from anthracite and semi-coke as anode materials for lithium-ion batteries[END_REF] with permission from Elsevier Yan et al. [START_REF] Yan | Multilayer graphene sheets converted directly from anthracite in the presence of molten iron and their applications as anode for lithium ion batteries[END_REF] report the production of multilayered graphene sheets by the conversion of anthracite with molten iron and a reversible capacity of 400 mAh g -1 was achieved. Li et al. [START_REF] Li | A sandwich-like porous hard carbon/graphene hybrid derived from rapeseed shuck for high-performance lithium-ion batteries[END_REF] propose a facile and economical method to fabricate a hybrid sandwich-like graphene material with hard carbon sandwiched in graphene. When serving as anode material, HC/G displays a stable lithium storage capacity of 623 mAh g -1 at 100 mA.g -1 current density after 500 cycles, and exhibits a superior rate performance that of 381 and 308 mAh g -1 even at a higher rate of 2000 and 5000 mA g -1 , respectively. The authors related the reason behind this performance to the highly ordered graphene layers that ensure fast electronic transport while providing supperior mechanical properties.

ii.

Doped Graphene and Related Materials

Chemical doping of nitrogen into graphene is a reliable process that allows to introduce structural defects into the graphene sheet. Those defects provide more pathways for the Li + ions to be grafted on the anode substrate as reported by numerous authors.

Zhang et al. [START_REF] Zhang | Facile synthesis 2D hierarchical structure of ultrahigh nitrogen-doped porous carbon graphene nanosheets as high-efficiency lithium-ion battery anodes[END_REF] report the preparation of a high-efficiency and stabilized anode material (namely NPC@GNS) by applying ultrahigh N-doped porous carbon graphene nanosheets as chemical process-enhanced for LIBs. In terms of performance, the prepared NPC@GNS with an ultrahigh 15.02 at% nitrogen content maintains a reversible capacity of 906.6 mAh g -1 after 100 cycles at 0.5 A g -1 current density. The NPC@GNS exhibit an average cyclability of 378 mAh g -1 at 5 A g -1 as current density after 1000 cycles, demonstrating its enhanced performance of prominent cyclic stability and rate capability. The authors attributed those results to the ultrahigh nitrogen doping and a unique 2D multilayer sandwich nanosheets framework as ideal transmission channels for facile ion transportation and ample electrolyte infiltration.

Reduced graphene oxide (rGO) are also interesting materials but scientists should overcome the re-stacking of graphene oxide sheets that hinders the capacity and rate performance. So, Meng et al. [START_REF] Meng | Reduced graphene oxide@nitrogen doped carbon with enhanced electrochemical performance in lithium ion batteries[END_REF] report the synthesis of a sandwich-like composite of N-doped carbon (NDC)

and rGO (rGO@NDC) via a process of absorbing [EMIm]N(CN)2 ionic liquid on the surface of graphene oxide (GO) nanosheets and subsequent heating of the composite. The composite exhibits a specific capacity of 409.4 mAh g -1 with a coulombic efficiency of 100% after 50 cycles at a charge-discharge rate of 0.5 C, and a specific capacity of 223 mAh g -1 with no capacity fade after 1200 cycles at current density of 10 C. This result is due to a possible decrease of the superficial oxygen-containing functional groups of the rGO when compositing the rGO with NDC particles and therefore decrease side reactions during battery cycling.

In addition to the experimental work in this field, computational studies were also done on hybrid graphene materials. For instance, Javadian et al. [START_REF] Javadian | Phosphorene and graphene flakes under the effect of external electric field as an anode material for high-performance lithiumion batteries: A first-principles study[END_REF] report for the first time computational studies for a monolayer phosphorene material values of 865 mAh g -1 and 974 mAh g -1 were obtained for the theoretical capacity without and with combination with graphene, respectively.

iii.

Graphene: buffering structure of transition metal oxide (TMOs)

The decoration of graphene with nanosized inorganic species is another successful route to introduce defects onto the graphene structure without compromising its electronic properties [START_REF] Lavagna | Graphene and Lithium-Based Battery Electrodes: A Review of Recent Literature[END_REF]. Recently, MOs have been appraised as alternative anode materials for both lithium-ion and sodium-ion batteries [START_REF] Wang | Metal oxide/graphene composite anode materials for sodium-ion batteries[END_REF][START_REF] Reddy | Metal oxides and oxysalts as anode materials for Li ion batteries[END_REF][START_REF] Wang | FeP nanorod arrays on carbon cloth: a high-performance anode for sodium-ion batteries[END_REF]. Among transition metal oxide, that store lithium or sodium ions via conversion reactions [START_REF] Cao | Recent progress in conversion reaction metal oxide anodes for Li-ion batteries[END_REF], hematite (α-Fe2O3), magnetite (Fe3O4), and spinel cobalt oxide (Co3O4) are drawing attention to itself, thanks to their high theoretical specific capacities (1007 mAh g -1 , 926 mAh g -1 , and 890 mAh g -1 , respectively). One main drawback is the large volume change occurring during the conversion reactions which results in a limited cycle life for most of the TMOs anodes [START_REF] Modafferi | Transition Metal Oxides on Reduced Graphene Oxide Nanocomposites: Evaluation of Physicochemical Properties[END_REF]. Graphene offers the ability to buffer the volume change of transition metal oxides during the electrochemical reactions [START_REF] Wang | Facile solvothermal synthesis of a graphene nanosheet-bismuth oxide composite and its electrochemical characteristics[END_REF][START_REF] Huang | Preparation of graphene/Co3O4 composites by hydrothermal method and their electrochemical properties[END_REF][START_REF] Zhu | Facile synthesis of metal oxide/reduced graphene oxide hybrids with high lithium storage capacity and stable cyclability[END_REF][START_REF] Singu | Exfoliated graphene-manganese oxide nanocomposite electrode materials for supercapacitor[END_REF],

thus limiting their size reduction. A wide array of emerging works has been released

internationally regarding this topic. To cite few, Zhang et al. [START_REF] Zhang | Rapid synthesis of α-Fe2O3/rGO nanocomposites by microwave autoclave as superior anodes for sodium-ion batteries[END_REF] used microwave-assisted methods to obtain iron oxide-rGO composites, which can deliver up to 300 mAh g -1 for more than 140 cycles.

Wang et al. [START_REF] Wang | Mn3O4 nanotubes encapsulated by porous graphene sheets with enhanced electrochemical properties for lithium/sodium-ion batteries[END_REF] develop a coral-like composite consisting of Mn3O4 nanotubes embedded in 2D porous graphene sheets (denoted as Mn3O4@pGS) by using dual templates NaCl crystals and SiO2 nanospheres. The as-prepared Mn3O4@pGS composite show a high specific capacity of 770 mAh g -1 after 200 cycles when evaluated as an anode for lithium storage. The enhanced high-rate lithium/sodium storage capacity and stability originate from the strong synergistic effects between high loading content of Mn3O4 and good electron conductivity of 2D porous graphene sheets, which can not only provide enough void space for accommodation of the mechanical stresses induced by the volume variations, but also effectively avoid the aggregation of Mn3O4 nanotubes during the repeated discharge/charge processes.

Wan et al. [START_REF] Wan | Layered mesoporous CoO/reduced graphene oxide with strong interfacial coupling as a high-performance anode for lithium-ion batteries[END_REF] work on a facile method to synthetize an ultra-refined mesoporous CoO/reduced graphene oxide (CoO/RGO) architecture. The prepared material stacks interfaces between the CoO and the graphene nanosheets via Co-O-C bonds, which may have a major role in achieving outstanding electrochemical performance in lithium ion batteries with high initial capacity and good rate capability. Indeed, the CoO/RGO sample exhibits a value of 2189 mAh g -1 for initial discharge capacity at 100 mA g -1 as current density. Furthermore, the sample delivers a high reversible capacity retention of 70% upon 300 cycles at 2 A g -1 . It also delivers a high reversible capacity of 1167 mAh g -1 at 5 A g -1 with a reversible capacity retention of 76% over 40 cycles.

When graphene is used together with TMOs, its electrochemical behaviour still exist and contributes to electrochemical performance. However carbon can also be used only for its conductive properties or more generally for other purpose in battery. We will now discuss on such other uses.

Carbon: not only an anode material 3.1. Carbon as percolating additive

Usual cathode materials such as LiFePO4 and LiCoO2 exhibit low electrical conductivity of about 10 -9 and 10 -4 S cm -1 , respectively [START_REF] Park | A review of conduction phenomena in Li-ion batteries[END_REF]. Also, the common polymeric binder component, PVDF, used in electrodes is an insulator. It induces high polarization during high rate charge/discharge and reduces the power density of the battery. In order to enhance the electrochemical performance, additives, such as carbons, in electrode formulation are required to provide conductivity. The optimal amount of additive depends on the nature of the carbon, the active electrode material and their particle size distribution. Usually, good electrochemical performances need to be obtained with less than 10 wt% of additives.

i. Adding one carbon matrix

Many different types of carbon additives can be added to an electrode formulation (Figure 7).

Carbon black (CB), mainly known as Super P, with sphere morphology and zero-dimensional (0D) particles is the most used carbon additive because of its high dispersibility and its ease of aggregating [START_REF] Bauer | Influence of dry mixing and distribution of conductive additives in cathodes for lithium ion batteries[END_REF]. However, the spherical particles create a "point-to-point" conductive pathway which is limited, then a proper amount is required in order to cover all the cathode particles such as in LiCoO2 [START_REF] Shi | Choice for graphene as conductive additive for cathode of lithium-ion batteries[END_REF]. Pfeifer et al. [START_REF] Pfeifer | Choosing the right carbon additive is of vital importance for high-performance Sb-based Na-ion batteries[END_REF] study different types of carbon and considered their physical, chemical and structural features in order to use the most appropriate one. Onion-like carbon, composed of concentric fullerene-like carbon shell, provides best properties to the electrode by allowing a better interaction between carbon and Sb, thus better electrochemical performances. Indeed, a reversible capacity of 300 mAh g -1 at 8 A g -1 is reached and a capacity retention of 73% after 100 cycles at a discharge rate of 0.2 A g -1 [START_REF] Pfeifer | Choosing the right carbon additive is of vital importance for high-performance Sb-based Na-ion batteries[END_REF].

Figure 7. Schematics of the arrangement of 0D, 1D and 2D carbon additives within active material

Carbon nanotubes (CNTs), single or multi-walled carbon nanotubes (SWCNTs or MWCNTs), are one-dimensional (1D) materials with high porosity and high surface area. A threedimensional conductive pathway is created thanks to the "line-to-line" contact between nanotubes and active material. The electronic conductivity is improved, it also lowers the voltage polarization between discharge and charge and allows to get better cycling performance with 99.4% capacity retention after 200 cycles with LiNi0.5Mn0.3Co0.2O2 cathode [START_REF] Du | Three-dimensional conductive network formed by carbon nanotubes in aqueous processed NMC electrode[END_REF]. SWCNTs enhance the cycle stability and the rate performance. Fan et al. show that this material demonstrated a coulombic efficiency 2% higher than Super P and a better capacity retention of 27% higher. The charge transfer resistance can also be reduced by the addition of SWCNTs [132]. These better performances can be reached due to the lower electrical resistance of CNTs compared to Super P. [START_REF] Jessl | Carbon nanotube conductive additives for improved electrical and mechanical properties of flexible battery electrodes[END_REF]. CNTs and Super P additives have been compared in MoS2 conversion-type electrode: it results that CNTs stabilize conversion reaction and reduce 45% of electrode resistance and increase capacity [START_REF] George | Structural Evolution of Electrochemically Lithiated MoS2 Nanosheets and the Role of Carbon Additive in Li-Ion Batteries[END_REF]. Vertically aligned carbon nanotubes (VACNTs) show higher purity than agglomerated carbon nanotubes. VACNT are used to study the electrochemical response of LiNi0.8Co0.15Al0.05O2

based battery at high rates. Only 1.5 wt% of this carbon additive allow to reach capacities of 167.4 mAh g -1 and 157.5 mAh g -1 at 5C and 10 C, respectively [START_REF] Tian | Highly ordered carbon nanotubes to improve the conductivity of LiNi0.8Co0.15Al0.05O2 for Li-ion batteries[END_REF]. Another study of Teng et al. [START_REF] Teng | The influence of conductive additives on the performance of a SiO/C composite anode in lithium-ion batteries[END_REF] showed that VACNTs used as conductive agent in SiO/C composite anode material show better performance than Super P: better rate capability at high rate, lower volume expansion of the battery, better capacity retention after 180 cycles [START_REF] Teng | The influence of conductive additives on the performance of a SiO/C composite anode in lithium-ion batteries[END_REF]. Two-dimensional (2D) such as graphite or graphene-based additives provide good electronic conductivity thanks to their long-range electron conduction and their specific surface area. A low amount of 1 wt% of graphene nanosheets added to Ni1/3Co1/3Mn1/3O2 reduces internal resistance of the electrode and improves electrochemical performances: the battery presents 88.2% of capacity retention at 5C. The lithium coefficient diffusion is also 1.37 times higher than cathode with no graphene nanosheets [START_REF] Tsai | Enabling high rate charge and discharge capability, low internal resistance, and excellent cycleability for Li-ion batteries utilizing graphene additives[END_REF].

Graphene oxide (GO) has also been reported to improve rate capability and rate performance of LiFePO4-based battery thanks to large GO films that form an electronic highway and smaller GO films which act like bridges between LiFePO4 particles [START_REF] Tang | In-situ and selectively laser reduced graphene oxide sheets as excellent conductive additive for high rate capability LiFePO4 lithium ion batteries[END_REF]. Karkar et al. [START_REF] Karkar | Threshold-like dependence of silicon-based electrode performance on active mass loading and nature of carbon conductive additive[END_REF] investigated three different carbon additives for silicon-based electrode: carbon black (0D), VGCF (1D) and ultrathin platelets of graphite (2D) (Figure 8). They demonstrate that 2D carbon additive is more efficient than others in this case. Also, the choice of additive influences the threshold of active mass loading above which capacity retention can drop [START_REF] Karkar | Threshold-like dependence of silicon-based electrode performance on active mass loading and nature of carbon conductive additive[END_REF].

Figure 8 : Comparison for CB (a), VGCFs (b) and graphite GM15 (c) of the voltage profiles at the first cycle for composite electrode with different loadings; and comparison for 1 mg cm -² (d), 2 mg cm -² (e) and 2.5 mg cm -² (f) of the voltage profiles at the 20th cycle for composite electrodes with different conductive additives. (Reprinted/adapted with permission from ref [139] with permission from Elsevier)

ii.

Adding binary conductive nanostructures

Zhang et al. study the impact of single and binary conductive additives and conclude that binary conductive system provides a better conductive network and faster Li + ions transport thanks to the synergistic effects of both components. They determine the best composition for LiFePO4 cathode is 3% of carbon nanotubes and 7% of graphene nanosheets [START_REF] Zhang | Binary carbon-based additives in LiFePO4 cathode with favorable lithium storage[END_REF]. 0.2 wt% of VACNTs also built an efficient conductive network in LiFePO4 cathodes with a large reduced resistance compare to Super P. Combined with Super P, VACNTs leads to a discharged capacity 17% higher than LiFePO4 with only Super P [141]. Carbon nanotubes (1D) and nanohorns (0D) are mixed to bring a large conducting pathway from the CNTs and nanohorns provide extra surface area beneficial for electron transfer. This binary conductive additive used for Zinc ion rechargeable batteries improves the electrochemical performances: the discharge capacity reached almost 350 mAh g -1 at 0.3 A g -1 with good cycling stability contrary to less than 275 mAh g -1 with carbon nanohorns only [START_REF] Huang | Carbon nanohorns/nanotubes: An effective binary conductive additive in the cathode of high energy-density zinc-ion rechargeable batteries[END_REF]. Chen et al. [START_REF] Chen | Improved Electrochemical Performance of LiNi0.5Co0.2Mn0.3O2 Cathode with Different Carbon Additives for Lithium-ion Batteries[END_REF] confirmed that combining 0D with 1D or 2D carbon additives is the best choice: the first ones bring a "short range" conducting highway and 1D/2D carbons provide a "long range" highway for transport [START_REF] Chen | Improved Electrochemical Performance of LiNi0.5Co0.2Mn0.3O2 Cathode with Different Carbon Additives for Lithium-ion Batteries[END_REF]. 0.5 wt% of VACNTs added to 1 wt% Super P is more efficient than 3 wt% Super P in LiNi0.8Co0.15Al0.05O2 electrode [START_REF] Tian | Highly ordered carbon nanotubes to improve the conductivity of LiNi0.8Co0.15Al0.05O2 for Li-ion batteries[END_REF].Vertically grown carbon fibers (VGCF) mixed with Super P is used in LiNi0.6Co0.2Mn0.2O2 based cathode for all-solidstate batteries. Electrical conductivity of VGCF is higher than Super P because of its higher degree of crystalline graphite. Once again, nanosized Super P particles are ideal to fill voids between NMC particles while VGCF connect long-range NMC particles [START_REF] Ann | Effects of binary conductive additives on electrochemical performance of a sheet-type composite cathode with different weight ratios of lini0.6co0.2mn0.2o2 in all-solid-state lithium batteries[END_REF]. A very low amount of a binary conductive additive system composed of 1 wt% of holey graphene (HG) and 1 wt% of Super P is comparable to 10 wt% of Super P. Besides their graphene-like conductive property, HG are made of holes that allow lithium ions to pass through and it increases interfacial contact between the electrode and electrolyte [START_REF] Xu | Holey graphenes as the conductive additives for LiFePO4 batteries with an excellent rate performance[END_REF]. A very low amount of 1% of graphene can enhance the electrical conductivity [START_REF] Shi | Choice for graphene as conductive additive for cathode of lithium-ion batteries[END_REF]. This mechanical properties together with conductive ones can also benefit to redox process of gaseous element not usable in their native state such as halogen or oxygen atoms. In such case, carbon is used as supporting material of cathode part. We will focus on one particular cas: those of fluorine as carbon fluorides are very spread away materials.

Support of positive electrode for primary or secondary batteries: the case of CFx

Fluorine has a high potential of 2.87 V vs. SHE so when it combines with a lithium (-3.04 V)

or sodium (-2.71 V) ion during reduction process, it results in a big potential difference and so in a high energy density. However, pure fluorine can't be used as cathode material because of its high reactivity (ΔHf°(F2) = 153 kJ.mol -1 ): a matrix is required to carry an enough amount of fluorine and to release F-easily. Carbon fluorides (CFx) are compounds obtained through a fluorination process. Depending on the reaction temperature, which is higher for crystallized carbons, the content of fluorine varies. Indeed, between 350 and 450°C, the phase (C2F)n is obtained, then we form a (CF)n phase up to 600°C [START_REF] Watanabe | Two types of graphite fluorides, (CF)n and (C2F)n, and discharge characteristics and mechanisms of electrodes of (CF)n and (C2F)n in lithium batteries Solid State Ionics[END_REF].

i.

Primary electrochemical system

During the electrochemical reduction process, the break-up of the C-F bond occurs at a potential that depends on the covalency of the C-F bond (2.8 to 3.3V). The first use of CFx in batteries was developed by Watanabe et al. in the 1970s [START_REF] Watanabe | [END_REF] for Li-ion battery and commercialized by Matsushita Battery Industrial. The theoretical specific capacity of CFx for x=1 is 865 mAh g -1 and it decreases as the x value decreases: it corresponds to an energy density of 2160 Wh.kg -1 for pure covalent C-F bond [START_REF] Ahmad | Pushing the theoretical limit of Li-CFx batteries using fluorinated nanostructured carbon nanodiscs[END_REF]. Moreover, these materials are very stable in air, they present low self-discharge, they can be used between -20 and 130°C and can last up to 15 years. Thus, they are very interesting for implementable medical devices [START_REF] Zhang | Nanomaterials for implantable batteries to power cardiac devices[END_REF], military, aviation [START_REF] Krishnamurthy | Beyond Transition Metal Oxide Cathodes for Electric Aviation: The Case of Rechargeable CFx[END_REF] or space application [START_REF] Jones | Radiation effects on lithium CFX batteries for future spacecraft and landers[END_REF]. Fluorinated graphene prepared at 300°C from reduced graphene oxide aerogel gives a specific capacity of 632 mAh g -1 with a discharge plateau at 2.35 V at a current density of 10 mA g -1 , corresponding to an energy density of 1485 Wh.kg -1 [START_REF] Bi | Fluorinated Graphene Prepared by Direct Fluorination of N, O-Doped Graphene Aerogel at Different Temperatures for Lithium Primary Batteries[END_REF]. Fluorinated ultrathin bilayer carbon nanocages obtained by a 30 hours plasma fluorination using tetrafluoromethane showed a content of fluorine of 0.98 and exhibited 850 mAh g -1 at a discharge potential of 2 V resulting in an energy density of 1700 Wh kg -1 [START_REF] Sosunov | CFx primary batteries based on fluorinated carbon nanocages[END_REF]. Different approaches have been considered to improve CFx cathode materials: nanostructuration and fluorine content. Nanostructured fluorinated carbons such as fluorinated carbon nanofibers, nanodiscs, graphene display large surface area and small particle size which lead to better electrochemical performance, fast Li + ion diffusion, decrease reaction resistance and even showed extra-capacity [START_REF] Ahmad | High energy density of primary lithium batteries working with sub-fluorinated few walled carbon nanotubes cathode[END_REF]. Ahmad et al. [START_REF] Ahmad | High energy density of primary lithium batteries working with sub-fluorinated few walled carbon nanotubes cathode[END_REF] demonstrate that subfluorinated few walls carbon nanotubes with a content of fluorine of 0.37 reach an extra-capacity of 900 mAh g -1 at a high discharge potential of 2. in Li/CFx batteries and 1733.4 Wh.kg -1 for Na/CFx batteries [START_REF] Li | Fluorinated multi-walled carbon nanotubes as cathode materials of lithium and sodium primary batteries: effect of graphitization of carbon nanotubes[END_REF]. Fluorinated nanographite with a fluorine content of 0.89 prepared at 450°C exhibits a high specific capacity of 837 mAh g -1 at 10 mA g -1 and remains 589 mAh g -1 at 3000 mA g -1 which correspond to energy densities of 2004 Wh kg -1 and 1030 Wh kg -1 . This performance is due to the combined effect of nanoparticle size, specific surface area and continuous porosity provided carbon matrix [START_REF] Wang | Fluorinated Nanographite as a Cathode Material for Lithium Primary Batteries[END_REF]. Room temperature fluorinated graphene-like-graphite cathode material C1.7F reached 940 mAh g -1 at 5.1 mA g -1 [START_REF] Matsuo | Discharge Characteristic of Fluorinated Graphene-like Graphite as a Cathode of Lithium Primary Battery[END_REF]. Oxidized sub-fluorinated graphite fluorides show significant improvement of the energy density with a value of 2825 Wh kg -1 thanks to a homogeneous dispersion of non-fluorinated parts into the fluorinated matrix [START_REF] Mar | High energy primary lithium battery using oxidized sub-fluorinated graphite fluorides[END_REF]. Subfluorinated graphites also demonstrate good performances for Mg-ion batteries: a capacity of 813 mAh g -1 is reached at 20 mA g -1 for a fluorine content of 0.8 [START_REF] Miao | Graphite fluoride as a cathode material for primary magnesium batteries with high energy density[END_REF]. On the other hand, to counter the voltage delay at the beginning of the discharge process, Zhou et al. experience ureaassistant ball-milling of CFx. Small urea particles help to decrease CFx particles size and thus increase surface area which enhances fast Li + ion transport contributing to better electrochemical performances. They reach up to 0.42 V higher potentials than pristine CFx [START_REF] Zhou | Ureaassistant ball-milled CFx as electrode material for primary lithium battery with improved energy density and power density[END_REF].

Besides nano-structuration and subfluorination, properties and performances of CFx can be improved by adding other compound in order to form composite cathodes. During fluorination process, electrochemical inactive CF2 groups are created and impact the electrochemical performances. Zhu et al. find a way to decrease the content of CF2 groups, thus enhancing the surface conductivity by reacting a small amount of SiO2 with CFx [START_REF] Zhu | Significantly improved electrochemical performance of CFx promoted by SiO2 modification for primary lithium batteries[END_REF]. The addition of MnO2 appears efficient in reducing heat generation, voltage delay and cathode material cost.

Li-CFx/MnO2 D size cell show same electrochemical performances than Li-CFx cell with a specific energy higher than 500 Wh.kg -1 at discharge voltages of 2.7 and 2.6 V, respectively [START_REF] Destephen | Advanced Li-CFx Technologies for Space Application[END_REF]. Hybrid CFx/SVO (silver vanadium oxide) cathode was studied by Zhang et al. to take advantage of the ideal energy density of CFx and the excellent power capability of SVO materials for cardiac devices [START_REF] Destephen | Advanced Li-CFx Technologies for Space Application[END_REF].

Crystallized carbons are mainly used as fluorine support but since a few years, disorganized carbons are also considered. Peng et al. recently discover that the fluorination of biomass derived carbon delivered both high specific capacity above 900 mAh g -1 and a discharge potential exceeding 3.0 V [START_REF] Peng | Ultrahigh-energy-density fluorinated calcinated macadamia nut shell cathodes for lithium/fluorinated carbon batteries[END_REF]. They also show that disordered hard carbon fluorinated at 390°C exhibit a higher specific capacity of 923 mAh g -1 with a discharge potential of 2.7 V at 5C [START_REF] Zhou | The electrochemical performances of fluorinated hard carbon as the cathode of lithium primary batteries[END_REF]. Amorphous fluorinated carbon CF0.88 for primary potassium battery show higher rate performance, operational voltage and higher energy density than in lithium and sodium cells: an energy density of 805 Wh kg -1 at 2C compare to 776 Wh kg -1 for lithium cells [START_REF] Jiang | Electrolyte-assisted dissolution-recrystallization mechanism towards high energy density and power density CF cathodes in potassium cell[END_REF].

ii.

Moving to secondary electrochemical system with post lithium venue

CFx have been mainly used in primary lithium ion battery because of the formation of the thermodynamically stable product LiF (ΔHf°=-587 kJ.mol -1 ) [START_REF] Haynes | CRC handbook of chemistry and physics: a ready-reference book of chemical and physical data[END_REF] after the first reduction process. Post-lithium batteries open the way to reduce the stability of the as-product and suggests a possible reversibility of the CFx battery. Sodium/CFx batteries might be an easier system for the reformation of C-F bond during the charging process thanks to the discharge product NaF which is easier to decompose compare to LiF. The reversible reaction mechanism has been shown by different analysis techniques such as XAS and 19 F and 23 Na NMR by Shao et al. [START_REF] Shao | Synthesis and Reaction Mechanism of Novel Fluorinated Carbon Fiber as a High-Voltage Cathode Material for Rechargeable Na Batteries[END_REF]. Liu et al. [START_REF] Liu | Amorphous, Highly Disordered Carbon Fluorides as a Novel Cathode for Sodium Secondary Batteries[END_REF] show a reversible Na/CFx battery composed of disordered CFx with an initial discharge capacity of 582 mAh g -1 and 412 mAh g -1 after 12 cycles and a low polarization of 780 mV (Figure 9) [START_REF] Liu | Amorphous, Highly Disordered Carbon Fluorides as a Novel Cathode for Sodium Secondary Batteries[END_REF]. For the first time, CFx has been reported as a conversion-type cathode material for potassium batteries. A reversible capacity of 95 mAh g -1 is achieved at a current density of 125 mAh g -1 at 2.6 V and maintained for 900 cycles. According to Yue et al., using CFx as cathode of potassium battery, the reversibility is possible thanks to the C-F bonds present during the cycling process that are different from the pristine C-F bond and belongs to an amorphous phase composed of semi-ionic C-F and CF2 groups [START_REF] Yue | Reversible potassium storage in ultrafine CFx: A superior cathode material for potassium batteries and its mechanism[END_REF].

In order to go quickly on post lithium battery, the best way is to manage operando measurements. We will present in the following part the last discovers obtained through this scientific approach. Since lithium is very scarce in the Earth's crust (0.002% of all elements) and not well geographically distributed, the problem of its availability in the coming years requires consideration of alternative solutions. In the Earth's crust, sodium is a thousand times more available than lithium, making sodium the 6 th most abundant element in the Earth's crust (lithium is the 33rd). The higher atomic weight of sodium (23 g.mol -1 vs. 6.9 g.mol -1 for Li) and its higher redox potential (2.71 V/SHE for Na + /Na vs 3.04 V/SHE for Li + /Li) result to lower energy densities for Na ion batteries (NIBs) [START_REF] Mukherjee | Electrode Materials for High-Performance Sodium-Ion Batteries[END_REF][START_REF] Hwang | Sodium-ion batteries: present and future[END_REF]. NIBs are not new as they were originally studied in parallel with Li ion batteries during the 1970s-1980s [START_REF] Nagelberg | A thermodynamic study of sodium-intercalated TaS2 and TiS2[END_REF][START_REF] Newman | Ambient Temperature Cycling of an Na - TiS2 Cell[END_REF][START_REF] Abraham | Intercalation positive electrodes for rechargeable sodium cells[END_REF]. Lithium has largely overshadowed sodium for batteries. Despite the numerous similarities between lithium and sodium, those elements differ by the higher size of sodium (ionic radius of 0.102 nm for Na + vs. 0.076 nm for Li + ) changing their diffusion properties and their intercalation into electrodes, especially carbonaceous anodes. It is important to note that sodium metal cannot be used directly as anode material because of both its low melting point of 98°C (versus 180°C for lithium) and the high reactivity with liquid electrolytes.

Post-lithium battery and anodic carbonaceous materials

The research for anodic materials is then less mature for sodium compared to lithium. By analogy with lithium, graphite was naturally considered. However, because of thermodynamic limitations [START_REF] Divincenzo | Cohesion and structure in stage-1 graphite intercalation compounds[END_REF][START_REF] Nobuhara | First-principles study of alkali metal-graphite intercalation compounds[END_REF][START_REF] Liu | Origin of low sodium capacity in graphite and generally weak substrate binding of Na and Mg among alkali and alkaline earth metals[END_REF], sodium ions can be very weakly intercalated into graphite and form a stage 8 intercalation compound with NaC64 composition which exhibits a theoretical capacity of only 35 mAh g -1 [START_REF] Kim | Sodium intercalation chemistry in graphite[END_REF]. Na graphite binary intercalation compounds are energetically unstable due to both a large elongation of the C-C bonds and the weakness of the Na-C bonds. The co-intercalation of the solvent with linear ether-based electrolytes may facilitate the intercalation into graphite. A reversible capacity of 100 mAh g -1 over 1000 cycles is thus obtained, corresponding to a composition Na(diglyme)2C20 (diglyme = dimethyl ether of diethylene glycol) [START_REF] Jache | Use of Graphite as a Highly Reversible Electrode with Superior Cycle Life for Sodium-Ion Batteries by Making Use of Co-Intercalation Phenomena[END_REF].

Disrupting the carbon matrix appears as an efficient strategy to find efficient carbonaceous anode for NIBs. Expanded graphites obtained by oxidation, exfoliation, followed by partial reduction, and exhibiting an inter-layer distance of 0.43 nm allow to reversibly insert Na + ions with a reversible capacity of 284 mAh g -1 . Nevertheless, a low coulombic efficiency (less than 50%) is typically recorded during the first cycle due to the use of a non-optimized electrolyte (1M NaClO4 in PC) or the presence of too many defects in the structure [START_REF] Wen | Expanded graphite as superior anode for sodium-ion batteries[END_REF].

Disordered carbons prepared with the pyrolysis of petroleum coke provide a capacity of 70 mAh g -1 [START_REF] Doeff | Electrochemical Insertion of Sodium into Carbon[END_REF]. Mesoporous graphitizable carbons obtained from pitch have shown a high reversible capacity of 331 mAh g -1 at current density of 30 mA g -1 thanks to a morphology of the material that facilitates the diffusion of Na + ions [START_REF] Cao | Mesoporous soft carbon as an anode material for sodium ion batteries with superior rate and cycling performance[END_REF].

Graphene has also been considered as a negative electrode for Na-ion battery due to its high chemical stability and high electronic conductivity. High reversible specific capacity around 450 mAh g -1 at 25 mA g -1 , a high rate performance of 200 mAh g -1 at 250 mA.g -1 and stable cycling performance up to 750 cycles were recorded with porous reduced graphene oxide as NIB anode [START_REF] Wan | In Situ Transmission Electron Microscopy Observation of Sodiation-Desodiation in a Long Cycle, High-Capacity Reduced Graphene Oxide Sodium-Ion Battery Anode[END_REF]. Graphene nanosheets prepared by exfoliation and reduction of graphite oxide (rGO) delivered a reversible capacity of 220 mAh g -1 at 30 mA g -1 and maintained at 105 mAh g -1 when the current density was increased at 5 A g -1 indicating a good power ability [START_REF] Perveen | Prospects in anode materials for sodium ion batteries -A review[END_REF][START_REF] Luo | Graphene nanosheets, carbon nanotubes, graphite, and activated carbon as anode materials for sodium-ion batteries[END_REF]. The comparison of solvothermal synthesized graphene and thermally exfoliated graphite oxide evidenced that the chemical and structural environments on the surface of graphene govern the performances [START_REF] Pramudita | Mechanisms of Sodium Insertion/Extraction on the Surface of Defective Graphenes[END_REF]. As for graphite, co-intercalation of the solvent favors the power density [START_REF] Cohn | Ultrafast Solvent-Assisted Sodium Ion Intercalation into Highly Crystalline Few-Layered Graphene[END_REF]. Highly ordered co-intercalation of diglyme solvent acted as a "non-stick coating". This process facilitated insertion and mitigated desolvation kinetics at the electrode-electrolyte interface. Doping of carbons by heteroatoms (N, S, P, …) is beneficial for electrochemical performance by creating defects and surface sites that can both accommodate Na + ions [START_REF] Hwang | Sodium-ion batteries: present and future[END_REF][START_REF] Perveen | Prospects in anode materials for sodium ion batteries -A review[END_REF][START_REF] Hou | Large-Area Carbon Nanosheets Doped with Phosphorus: A High-Performance Anode Material for Sodium-Ion Batteries[END_REF][START_REF] Wang | Sodium-Ion Batteries: Improving the Rate Capability of 3D Interconnected Carbon Nanofibers Thin Film by Boron, Nitrogen Dual-Doping[END_REF]. Integrating the abundant N, S and O-induced electrochemical redox centers at different potentials, the N and S co-doped electrodes demonstrate a high reversible capacity around 400 mAh g -1 [START_REF] Ma | Highly doped graphene with multi-dopants for high-capacity and ultrastable sodium-ion batteries[END_REF].

Nevertheless, the very high irreversibility during the first cycle, often greater than 50%, and the difficulties of synthesis, often with multi-stage, compromise the chances of emerging for those types of carbonaceous materials.

Replacing the conventional insulating fluorine-containing polymer binder and conductive additive by rGO, the rGO-bonded free-standing, flexible hard carbon film delivers a high reversible capacity of about 372 mAh g -1 with an initial coulombic efficiency close to 73%.

Over 200 charging/discharging cycles, the capacity retention is still as high as 90% [START_REF] Sun | Facile synthesis of free-standing, flexible hard carbon anode for high-performance sodium ion batteries using graphene as a multi-functional binder[END_REF].

Graphene is also used in nanocomposite to prepare layered self-standing MoS2 composite electrode for NIB [START_REF] David | MoS2/Graphene Composite Paper for Sodium-Ion Battery Electrodes[END_REF]. The composite paper was directly used as counter electrode in Naion battery half-cell. A capacity of 338 mAh g -1 with respect to total weight of the anode with excellent cyclability of Na ions was achieved. Other active materials are deposited onto graphene, among them the most impressive are SnS2 (up to 320 to 310 mAh g -1 after 2000 cycles at 3 A g -1 [START_REF] Mikhaylov | Green Synthesis of a Nanocrystalline Tin Disulfide-Reduced Graphene Oxide Anode from Ammonium Peroxostannate: a Highly Stable Sodium-Ion Battery Anode[END_REF], NiS2 (407 mAh g -1 with the capacity retention of 77% over 200 cycles at a current density of 0.1 C [START_REF] Wang | Nickel Disulfide-Graphene Nanosheets Composites with Improved Electrochemical Performance for Sodium Ion Battery[END_REF], Mn-incorporated Fe3O4 (410 mAh g -1 at a current density of 100 mA g -1 over 200 cycles [START_REF] Ren | High-Capacity Interstitial Mn-Incorporated MnxFe3-xO4/Graphene Nanocomposite for Sodium-Ion Battery Anodes[END_REF], tin-antimony alloy (reversible capacity of 407 mAh g -1 , stable cyclic retention for more than 80 cycles and excellent cycle stability at ultra-high charge/discharge rates up to 30C [START_REF] Ji | Reduced Graphene Oxide/Tin-Antimony Nanocomposites as Anode Materials for Advanced Sodium-Ion Batteries[END_REF], GeP3 (reversible high capacity of 1084 mAh g -1 at 50 mA g -1 , 435 mAh g -1 at a high rate of 5 A g -1 ), 400 cycles with a reversible capacity of 823 mAh g -1 at 0.2 A g -1 [START_REF] Wang | Highly Reversible and Rapid Sodium Storage in GeP3 with Synergistic Effect from Outside-In Optimization[END_REF], Sb2S3 (880 mAh g -1 after 50 cycles [START_REF] Zhao | Ultrasound sonochemical synthesis of amorphous Sb2S3-graphene composites for sodium-ion batteries[END_REF] . Nanocomposites with graphene as cathode for NIB are not under consideration in the present review.

The carbonaceous materials that are currently required are non-graphitizable (hard) carbons, also disordered [START_REF] Stevens | High Capacity Anode Materials for Rechargeable Sodium-Ion Batteries[END_REF][START_REF] Peters | A review of hard carbon anode materials for sodium-ion batteries and their environmental assessment[END_REF][START_REF] Górka | Recent Progress in Design of Biomass-Derived Hard Carbons for Sodium Ion Batteries[END_REF]. With hard carbon prepared from glucose pyrolyzed at 1000°C, reversible capacity of 300 mAh g -1 at C/80 were recorded [START_REF] Stevens | High Capacity Anode Materials for Rechargeable Sodium-Ion Batteries[END_REF]. Many precursors were under consideration, such as phenolic resins, sucrose, cellulose but also biomass materials, etc.

[ [START_REF] Peters | A review of hard carbon anode materials for sodium-ion batteries and their environmental assessment[END_REF][START_REF] Górka | Recent Progress in Design of Biomass-Derived Hard Carbons for Sodium Ion Batteries[END_REF][START_REF] Irisarri | Review-Hard Carbon Negative Electrode Materials for Sodium-Ion Batteries[END_REF][START_REF] Lotfabad | High-Density Sodium and Lithium Ion Battery Anodes from Banana Peels[END_REF][START_REF] Alca Ńtara | Carbon Microspheres Obtained from Resorcinol-Formaldehyde as High-Capacity Electrodes for Sodium-Ion Batteries[END_REF]. Although the high reversible capacities obtained with hard carbons, these carbons exhibit drawbacks with an insertion potential very close to that of sodium metal deposition, slow kinetics and high irreversibility [START_REF] Nayak | From Lithium-Ion to Sodium-Ion Batteries: Advantages, Challenges, and Surprises[END_REF]. Using novel hard carbon materials which were synthesized via a MgO template technique, demonstrate unusually large reversible capacities of 478 mAh g -1 with initial coulombic efficiency of 88 % in aprotic Na cells. Those promising results were explained by a large total volume of the nanopores (or nano-sized voids) and surrounding thin graphitic layers with a wide interlayer space that favor sodium insertion/extraction [START_REF] Kamiyama | MgO-Template Synthesis of Extremely High Capacity Hard Carbon for Na-Ion Battery[END_REF] .

Figure 10: Typical galvanostatic curve of hard carbons in Na-ions battery. Reproduced/adapted with permission from ref [START_REF] Bommier | New Mechanistic Insights on Na-Ion Storage in Nongraphitizable Carbon[END_REF], Copyright American Chemical Society

The mechanisms of Na + ions insertion and removal into and from hard carbons are complex and therefore controversial. The galvanostatic curves of sodium ions into hard carbon exhibit similarities with that of lithium ions and can be separated into two main regions: a sharp potential drop at potentials higher than 0.1 V vs. Na + /Na followed by a plateau, close to that of metal (0.1 V). According to Stevens and Dahn [START_REF] Stevens | High Capacity Anode Materials for Rechargeable Sodium-Ion Batteries[END_REF], the insertion mechanisms at the origin of this potential profile would be identical to that of lithium. The in situ and operando methods make it possible to deeply study these mechanisms. Using in situ XRD and in situ Small Angle X-ray Scattering (SAXS), it has been shown that metal ions are first intercalated in the turbostratic nanodomains during the potential drop; then Na + ions fill the nanopores which result from the disordered structure of the hard carbon according to a mechanism similar to adsorption. The potential plateau corresponds to this adsorption [START_REF] Stevens | High Capacity Anode Materials for Rechargeable Sodium-Ion Batteries[END_REF][START_REF] Simone | Hard carbon derived from cellulose as anode for sodium ion batteries: Dependence of electrochemical properties on structure[END_REF][START_REF] Stevens | An In Situ Small-Angle X-Ray Scattering Study of Sodium Insertion into a Nanoporous Carbon Anode Material within an Operating Electrochemical Cell[END_REF][START_REF] Komaba | Electrochemical Na Insertion and Solid Electrolyte Interphase for Hard-Carbon Electrodes and Application to Na-Ion Batteries[END_REF][START_REF] Zhang | Correlation Between Microstructure and Na Storage Behavior in Hard Carbon[END_REF].

However, the most ordered samples seem to not follow the same pattern [START_REF] Ding | Carbon Nanosheet Frameworks Derived from Peat Moss as High Performance Sodium Ion Battery Anodes[END_REF]. The diversity of defects (presence of heteroatoms, sp 3 carbon binding two sheets, dangling bonds at the sheet edges, vacancies, high curvature of the sheets) results in different insertion potentials at the origin of the wide potential range [START_REF] Bommier | New Mechanistic Insights on Na-Ion Storage in Nongraphitizable Carbon[END_REF][START_REF] Qiu | Manipulating Adsorption-Insertion Mechanisms in Nanostructured Carbon Materials for High-Efficiency Sodium Ion Storage[END_REF] (Figure 10).

According to Qiu et al. [START_REF] Qiu | Manipulating Adsorption-Insertion Mechanisms in Nanostructured Carbon Materials for High-Efficiency Sodium Ion Storage[END_REF], because the capacity of the potential drop does not depend on the size of the turbostratic nanodomains, the defects may be involved in the Na + accommodation. The insertion of metal ions in this potential range would preferentially occur in the most accessible sites, i.e. surface defects [START_REF] Bommier | New Mechanistic Insights on Na-Ion Storage in Nongraphitizable Carbon[END_REF][START_REF] Alvin | Revealing sodium ion storage mechanism in hard carbon[END_REF]. The plateau at low potentials is mainly due to the intercalation of the Na + ions between the graphene sheets and then to the filling of the pores; a mixed model of adsorption onto the defects -intercalation -pore filling was then proposed. Phosphorus doping contributes to the first stage [START_REF] Li | Mechanism of Na-Ion Storage in Hard Carbon Anodes Revealed by Heteroatom Doping[END_REF]. Unlike lithium, the existence of quasi-metallic sodium aggregates in nanopores has been refuted by solid state NMR [START_REF] Alca Ńtara | Carbon Microspheres Obtained from Resorcinol-Formaldehyde as High-Capacity Electrodes for Sodium-Ion Batteries[END_REF][START_REF] Morita | Combination of solid state NMR and DFT calculation to elucidate the state of sodium in hard carbon electrodes[END_REF][START_REF] Gotoh | NMR study for electrochemically inserted Na in hard carbon electrode of sodium ion battery[END_REF][START_REF] Stratford | Mechanistic insights into sodium storage in hard carbon anodes using local structure probes[END_REF][START_REF] Morita | Correlation of carbonization condition with metallic property of sodium clusters formed in hard carbon studied using 23Na nuclear magnetic resonance[END_REF][START_REF] Gotoh | Mechanisms for overcharging of carbon electrodes in lithium-ion/sodium-ion batteries analysed by operando solid-state NMR[END_REF]. The insertion of ions in closed nanopores and the intercalation between graphene sheets seem to simultaneously occur unlike the case of lithium [START_REF] Morita | Combination of solid state NMR and DFT calculation to elucidate the state of sodium in hard carbon electrodes[END_REF].

4.3.

Operando measurements for a quicker advance

The complex case of sodium ions accommodation in hard carbons with numerous defects evidences that operando strategy is powerful to investigate either structural changes upon Na + ion insertion/removal (XRD) or pore filling (SAXS). When ex situ data are also available such as solid-state NMR, the panel of characterization technics is enough to propose a convincing mechanism. Moreover, operando measurements may focus either on phenomena that concern the complete electrode or minor processes which cannot be detected by electrochemical measurements alone and may also be missed in ex situ studies of a relaxed and/or discharged cell [START_REF] Märker | Operando NMR of NMC811/Graphite Lithium-Ion Batteries: Structure, Dynamics, and Lithium Metal Deposition[END_REF][START_REF] Wu | Visualizing Battery Reactions and Processes by Using In Situ and In Operando Microscopies[END_REF]. The next section focuses on recent developments concerning operando and in situ measurements applied to carbonaceous materials for energy storage (Figure 11, 12 and 13). spectroscopy is a powerful tool for operando measurements on electrochemical cells as it is a non-invasive and non-destructive technique; both the structure and dynamics can be addressed (Figure 13 a,b). X-ray radiography allows the changes of electrode thickness with the state of charge and discharge in every cycle and sulphur dendrites to be evidenced for the case of reduced graphene oxide (rGO) rGO/carbon monoliths in lithium sulfur batteries.

Electrode thickness changes may be also estimated from the confocal microscope images obtained in the operando mode (Figure 12b). In this work, color changes of graphite according to their stage structures was used to investigate the dynamic changes of ionic conduction path in the cross-sectional graphite composite electrodes of bulk-type all-solidstate lithium batterie.

Statistically significant linear relationships were found between ultrasonic time-of-flight and graphite staging (Figure 12a). Charge-discharge kinetics may be also found by side-view operando observation by optical microscopy of a graphite anode based on its color changes during electrochemical lithiation (Figure 12c). The changes in hard carbon during sodiation and desodiationsing was studied by operando microbeam Raman spectroscopy (Figure 13c).

In situ TEM characterization may contribute to the understanding of sodiation-desodiation mechanism, e.g. the reversible formation of metal cluster formation on reduced graphene oxide (rGO) anodes, and irreversible formation of Na2O on the rGO surface as a side reaction (Figure 13d). Operando electrochemical atomic force microscopy may provide new insight about SEI formation during the first lithiation of graphite anode (Figure 11c). [START_REF] Wan | In Situ Transmission Electron Microscopy Observation of Sodiation-Desodiation in a Long Cycle, High-Capacity Reduced Graphene Oxide Sodium-Ion Battery Anode[END_REF][START_REF] Märker | Operando NMR of NMC811/Graphite Lithium-Ion Batteries: Structure, Dynamics, and Lithium Metal Deposition[END_REF][START_REF] Krachkovskiy | Operando Mapping of Li Concentration Profiles and Phase Transformations in Graphite Electrodes by Magnetic Resonance Imaging and Nuclear Magnetic Resonance Spectroscopy[END_REF][START_REF] Weaving | Elucidating the Sodiation Mechanism in Hard Carbon by Operando Raman Spectroscopy[END_REF] Operando measurements may provide several breakthroughs and allow the potential rational design of carbonaceous materials for high-rate anodes in all kinds of batteries, using liquid or solid electrolytes, self-supported anode, Li, Na, K, Al, Li-sulfur or dual ions technology [START_REF] Boebinger | Understanding Transformations in Battery Materials Using in Situ and Operando Experiments: Progress and Outlook[END_REF]. Moreover, those investigations allow the electrochemical mechanisms, SEI formation (and changes), lithium deposition and side reaction without air exposure or washing. When understood, the effects of the side reactions can be minimized with a proper charging protocol. The composition of the electrolyte may be optimized by studying the effect of addition such as chemical scavenger of two of the most detrimental side-products, HF and LiF, formed during operation of Li-ion cells with graphite anode [START_REF] Bolli | Operando Monitoring of F-Formation in Lithium Ion Batteries[END_REF]. Operando microscopy is a suitable and powerful tool for analyzing the local dynamic reactivity changes in the electrode [START_REF] Otoyama | Operando Confocal Microscopy for Dynamic Changes of Li+ Ion Conduction Path in Graphite Electrode Layers of All-Solid-State Batteries[END_REF]. Finally, a better approximation of the volumetric impact arising at the graphite side may be achieved through operando data. It is to note that the structural evolution determined using operando measurements may differ from phase diagrams determined experimentally under equilibrium conditions or those calculated theoretically and may be influenced by materials and operating conditions [START_REF] Didier | Phase Evolution and Intermittent Disorder in Electrochemically Lithiated Graphite Determined Using in Operando Neutron Diffraction[END_REF].

In situ X-ray and neutron diffractions provide information about the intercalation into the host materials : sodium ions into hard carbons as discussed previously, Li + in Li-ion battery [START_REF] Schweidler | Volume Changes of Graphite Anodes Revisited: A Combined Operando X-ray Diffraction and In Situ Pressure Analysis Study[END_REF][START_REF] Didier | Phase Evolution and Intermittent Disorder in Electrochemically Lithiated Graphite Determined Using in Operando Neutron Diffraction[END_REF], AlCl4 - ions into graphite in aluminum/graphite batteries [START_REF] Elia | Simultaneous X-Ray Diffraction and Tomography Operando Investigation of Aluminum/Graphite Batteries[END_REF]. An abdirectional expansion corresponding to an elongation in the C-C bond length of the graphene planes upon lithium intercalation was observed and associated with charge transfer from lithium to C-C bonds [START_REF] Mathiesen | Understanding the structural changes in lithiated graphite through high-resolution operando powder X-ray diffraction[END_REF]. Measurements at elevated temperature (30 and 47°C) revealed that the sequential process of lithium intercalation into graphite differs in comparison to the well-known one at room temperature [START_REF] Cañas | Operando X-ray diffraction during battery cycling at elevated temperatures: A quantitative analysis of lithium-graphite intercalation compounds[END_REF]; four phases simultaneous appeared during the intercalation and deintercalation processes.

In order to investigate the material at the nanoscale, transmission electron microscopy (TEM) appears as a key method, especially for the investigation of hard carbons in Na-ion battery [START_REF] Li | In-situ electron microscopy observation of electrochemical sodium plating and stripping dynamics on carbon nanofiber current collectors[END_REF][START_REF] Liu | In Situ Transmission Electron Microscopy Study of Electrochemical Sodiation and Potassiation of Carbon Nanofibers[END_REF][START_REF] Wan | In situ transmission electron microscopy observation of sodiation-desodiation in a long cycle, high-capacity reduced graphene oxide sodium-ion battery anode[END_REF]. For more details, the reader would see the corresponding paper and the excellent review from Rodriguez et al. [START_REF] Rodriguez | Role of operando microscopy techniques on the advancement of sustainable sodium-ion battery anodes[END_REF]. Irreversible formation of Na2O on the rGO surface in the first cycle explains the capacity loss of rGO NIB anodes [START_REF] Wan | In situ transmission electron microscopy observation of sodiation-desodiation in a long cycle, high-capacity reduced graphene oxide sodium-ion battery anode[END_REF].

In situ Raman spectroscopy studies by monitoring the D-peak reversibility over long-term cycle life appear as a valuable tool for identifying and investigating any breakdown in the carbon structure, expected over long-term cycling [START_REF] Weaving | Elucidating the Sodiation Mechanism in Hard Carbon by Operando Raman Spectroscopy[END_REF]. Operando Raman spectroscopy associated with cyclic voltammetry evidenced a combination of adsorption and intercalation processes for electrospun self-standing carbon nanofibers in K-ion batteries [START_REF] Touja | Self-supported carbon nanofibers as negative electrodes for K-ion batteries: Performance and mechanism[END_REF]. From in situ Raman data, a highly ordered staging process has been evidenced for sodium ion intercalation into highly crystalline few-layered graphene. Moreover, the Fermi energy of the stage 1 and stage 2 intercalation compounds were determined at 1.2 and 0.8 eV, respectively [START_REF] Cohn | Ultrafast Solvent-Assisted Sodium Ion Intercalation into Highly Crystalline Few-Layered Graphene[END_REF].

Regarding the spatial distribution of the Li concentration within the electrode, side-view operando optical microscopy allows the lateral kinetics of electrochemical lithiation and delithiation in a graphite anode to be investigated [START_REF] Kang | Side-View Operando Optical Microscopy Analysis of a Graphite Anode to Study Its Kinetic Hysteresis[END_REF]. Lithium kinetics in any graphitic carbon depend critically on both the size of the graphitized domains and their orientation relevant to the insertion and deinsertion flux.

Magnetic resonance techniques allowed visualizing and quantifying the lithium distribution within a graphite electrode during operation [START_REF] Krachkovskiy | Operando Mapping of Li Concentration Profiles and Phase Transformations in Graphite Electrodes by Magnetic Resonance Imaging and Nuclear Magnetic Resonance Spectroscopy[END_REF]. This evidenced that both the electrode polarization correlated with phase transformations of the graphite and unfavorable Li dynamics during these transformations leaded to side reactions on the particles interface.

Dynamic changes of the Li + ion conduction pathway, that are of primary importance in allsolid-state batteries, may be followed by the variations in the colors of the graphite particles observed via operando microscopy [START_REF] Otoyama | Operando Confocal Microscopy for Dynamic Changes of Li+ Ion Conduction Path in Graphite Electrode Layers of All-Solid-State Batteries[END_REF]. Voids and cracks may be evidenced by such a way; they contribute to the capacity fading.

Operando tomography revealed volumetric changes upon cycling and their reversibility [START_REF] Kang | Side-View Operando Optical Microscopy Analysis of a Graphite Anode to Study Its Kinetic Hysteresis[END_REF].

Another way to evidence volumetric changes of graphite in Li-ions battery is operando XRD and in situ pressure analysis [START_REF] Schweidler | Volume Changes of Graphite Anodes Revisited: A Combined Operando X-ray Diffraction and In Situ Pressure Analysis Study[END_REF]. Occupation of only half of the intercalation sites by lithium already causes considerable crystallographic changes and expansion of graphite that leads to substantial strain in the lattice. The capacity degradation behavior originates from the voids and cracks, which cause increasing thickness. In dual ions battery where intercalation/deintercalation of anions with large molecular size occurs, the thickness increase of the graphite-based cathode is proved by operando optical with cross-section views [START_REF] Li | Thickness evolution of graphite-based cathodes in the dual ion batteries via in operando optical observation[END_REF]. The higher thickness increase at initial cycle is attributed to both anion intercalations into graphite-based cathodes and irreversible decomposition of chemical components in the battery.

Li metal deposition on graphite at low temperature is observed by operando 7 Li nuclear magnetic resonance spectroscopy [START_REF] Märker | Operando NMR of NMC811/Graphite Lithium-Ion Batteries: Structure, Dynamics, and Lithium Metal Deposition[END_REF]. Acoustic ultrasound also evidence Li metal plating within commercial-scale LCO/graphite pouch cells during operation [START_REF] Bommier | In Operando Acoustic Detection of Lithium Metal Plating in Commercial LiCoO2/Graphite Pouch Cells[END_REF]. Interestingly an Arrhenius relationship between Li metal plating, current rate, and temperature has been established. In situ TEM is also able to evidence metal plating, e.g. sodium [START_REF] Li | In-situ electron microscopy observation of electrochemical sodium plating and stripping dynamics on carbon nanofiber current collectors[END_REF].

Working on reduced graphene oxide monoliths with high capacity (1558 mAh g -1 ), low overpotentials (0.13 V) and stability (901 mAh g -1 , 100 cycles) in lithium sulfur cells, a reaction front has been underlined using high operando X-ray transmittance; it quickly propagate from the edge of the hole lithium anode to the center of the carbon monolith [START_REF] Yang | Binder-free carbon monolith cathode material for operando investigation of high performance lithium-sulfur batteries with X-ray radiography[END_REF].

Formation in the centimeter scale and quick disappearance upon discharge of sulfur dendrites are also found.

Conclusions

Graphite powders are still the dominant anode materials in commercial lithium-ion batteries.

However, graphite suffers from electrochemical limitations and its nanostructuration or its functionnalisation appears as new trends to maintain this type of materials as anode in lithium battery. The case is different for post-lithium battery as intercalation into graphite is compromise as for sodium ions.

In the case of graphite, the main way to enhance its reversible capacity is the doping one and preferentially with boron. Polymer coating appears as better than adding fluorinated additive in the electrolyte for enhanced cyclability and high voltage of use. Inorganic coating is to use for hard electrochemical conditions for graphite, i.e PC or electrolyte leading to high intercalation of solvent molecules. To limit and even supress, irreversible capacity polymer coating as well as inorganic coating are good candidates with a favour to polymer one due to a better control of the coating thickness.

Concerning nanostructuration, graphene, the "wonder material" is considered as the appropriate electrode alternative for battery applications due to the myriad of its amazing attributes. The obtained electrode is weightless, hence energy and power densities should be higher. Moreover, the use of graphene would significantly reduce the quantity of conductive carbon additives, commonly introduced in composite electrodes to increase the electronic conductivity. Although high capacities could be obtained, most of graphene, nanotubes and their derivatives exhibit high initial irreversible capacities that may limit their use.

To enhance their efficiency, some progresses can also be made for paper-like electrodes based on carbon nanotubes, where CNTs are combined with conductive polymers, or other high-capacity anode materials, such as silicon. The interesting properties of these composite film anode materials, mainly the flexibility and enhanced electrochemical performance will undoubtly broaden their application as anodes for LIBs. The "paper-like" electrode beats other types of electrodes because of their numerous advantages. Paper electrodes are lightweight, flexible, have good conductivity and can be fabricated easily without using a metal substrate or binder. The electrode weight can be significantly reduced compared to conventional electrode prepared by coating a mixture that contains the active material on a metal substrate. Then, the use of this new design electrode could provide light-weight, lowcost lithium-ion batteries.

For post-lithium battery, carbon is still an opportunity as electrode materials, as hard carbons for anode purpose or as carbon fluorides as cathode one. Progresses in those fields will be rapid with the perfect mastery of electrochemical mechanisms and the use of characterisation techniques coupled to galvanostatic cycling.

Figure 2 :

 2 Figure 2: Functions of surface coating for LIB materials. Reprinted (adapted) with permission from ref [50]. Copyright ICE Virtual Library

Figure 4 .

 4 Figure 4. Electrochemical discharge/charge curves of lithium ion insertion/extraction for (a) long; (b) short; and (c) cut CNTs (first and and second cycles, current density of 25 mA g -1 ), (d) charge capacities of long and short CNTs as a function of cycle number. Reproduced/adapted with permission from ref[START_REF] Wang | Preparation and electrochemical performance of ultrashort carbon nanotubes[END_REF] with permission from Elsevier
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 5 Figure 5. The electrochemical properties of the free-standing carbon nanotubes films: (a) charge-discharge curves (first cycle), (b) cycling behavior between 0.01 and 2.00 V vs. Li/Li + at a current density of 25 mA g -1 .Reproduced/adapted with permission from ref[START_REF] Chew | Flexible free-standing carbon nanotube films for model lithium-ion batteries[END_REF] with permission from Elsevier
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 6 Figure 6. (a) Galvanostatic lithiation/delithiation curves, (b) Lithiation/delithiation voltage profiles and (c) cyclic voltammetry curves of semi-coke derived graphene anode measured at

  85 V which result in an energy density of 2565 Wh kg -1 . High fluorine content, x ≥ 1, can lead to inferior rate capabilities, potential delays in the initial discharge process because of the insulator behaviour of the compound. So, Lam et al. introduce subfluorinated carbons to reach higher electrochemical performances thanks to the residual conductive parts in the CFx brought by non-fluorinated carbon atoms that allow electron flux during the electrochemical process [159]. Yue et al. synthesized a fluorinated graphene with a fluorine content of 0.8 in order to optimize the percentage of semi-ionic C-F bond in order to enhance the rate performance of the Li-ion battery up to an energy density of 1073 Wh kg -1 at 10 A g -1 [160]. Fluorinated carbon nanotubes with a fluorine content of 0.81 lead to energy densities of 2006.6 Wh.kg -1

Figure 9 :

 9 Figure 9 : Comparison of discharge/charge profiles of Na/CFx and Na/disorganized-CFx cells (a); Cycle performance of Na/d-CFx cell at a current density of 200 mA/g with the inset showing the discharge capacity as a function of cycle number for the Na/disorganized-CFx cell.(Reprinted with permission from ref[START_REF] Liu | Amorphous, Highly Disordered Carbon Fluorides as a Novel Cathode for Sodium Secondary Batteries[END_REF]. Copyright American Chemical Society)

  Among the numerous studies, few examples are illustrated in figures 11, 12 and 13. Advanced operando X ray diffraction monitor real-time changes in crystal structure of Li or Na-ion host anodes during charge-discharge cycles (Figure 11 a). The changes in lattice parameters and unit cell volume of graphite may be examined and related to the different intercalation stages and phase transition regimes. Nuclear magnetic resonance (NMR)

Figure 11 .Figure 12 .Figure 13 .

 111213 Figure 11. Several operando and in situ measurements. Reproduced/adapted with permission from refs[START_REF] Schweidler | Volume Changes of Graphite Anodes Revisited: A Combined Operando X-ray Diffraction and In Situ Pressure Analysis Study[END_REF][START_REF] Yang | Binder-free carbon monolith cathode material for operando investigation of high performance lithium-sulfur batteries with X-ray radiography[END_REF][START_REF] Zhang | Operando Electrochemical Atomic Force Microscopy of Solid-Electrolyte Interphase Formation on Graphite Anodes: The Evolution of SEI Morphology and Mechanical Properties[END_REF] 

  

  

  

  

  Besides electrochemical aspects, additives can give or improve other properties such as flexibility and mechanical properties of the electrode material to use it in flexible batteries.

	Carbon nanotubes show less crack formation during bending compared to carbon powder
	and it increases Young modulus [133]. Gaikwad et al. compare mechanical strength of
	LiCoO2 electrode: its cohesion strength increases from 34.3 to 112.5 g.mm -1 when 6 wt% of
	carbon black is replaced by a mixture of 4.5 wt% graphite and 1.5 wt% carbon black [149].

Tang et al. even 

demonstrate that 0.2% of graphene nanosheets mixed with 1% of Super P in LiCoO2 based cathode build an effective conductive pathway and good electrochemical performance is reached: the battery exhibited very good cycling stability with retention of 96.4% after 50 cycles at 1C and good rate capability

[START_REF] Tang | How a very trace amount of graphene additive works for constructing an efficient conductive network in LiCoO2-based lithium-ion batteries[END_REF]

.LiCoO2 performances can also be improved thanks to a multidimensional conductive network brought by a ternary mixture. Xue et al. put 1 wt% of carbon nanotubes with 1 wt% of graphene and Super P and reach 92.3% of capacity retention after 100 cycles at 1C

[START_REF] Xue | Constructing multidimensional conducting networks on LiCoO2 cathode for enhanced rate performance and cycle stability[END_REF]

.

However, in some cases, adding a carbon conductive component can have undesirable side effects. Indeed, Zhang et al. investigated the effects of different carbon matrixes added to a Li10GeP2S12-based solid-state battery: the incorporation of additives can increase the interfacial resistance and accelerate capacity fading of the battery

[START_REF] Zhang | The Detrimental Effects of Carbon Additives in Li10GeP2S12-Based Solid-State Batteries[END_REF]

.
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