Lithium-sulfur (Li-S) battery due to its high theoretical capacity and energy density is considered a promising candidate for the next generation of Li batteries. Nevertheless, the practical application of this system is hindered by several challenges such as low electronic conductivity, volume change, and polysulfides shuttle effect. The work carried out in this thesis focused on the sulfur electrode, with the synthesis and performance evaluation of different sulfur host structures. The performance of these structures was evaluated in terms of sulfur utilization, electrochemical reaction kinetics and capacity retention. The catalytic properties of different class of materials iron, cobalt single atoms, and binary Vanadium manganese oxide structures were evaluated. Absorption properties, morphology and pore structure of the carbonaceous host structure, amount of electrolyte and sulfur loading are key parameters that were evaluated during this work. Indeed, the development of a host material allowing to obtain high performance for low electrolyte amount is an important step towards the commercialization of Li-S batteries.

Résumé

La batterie au lithium-soufre (Li-S), en raison de sa capacité théorique élevée et de sa densité d'énergie, est considérée comme un candidat prometteur pour la prochaine génération de batteries Li. Cependant, l'application pratique de ce système est entravée par plusieurs défis tels que : la faible conductivité électronique, le changement de volume et l'effet navette redox des polysulfures. Les travaux menés dans le cadre de cette thèse se sont focalisés sur l'électrode de soufre, avec la synthèse et l'évaluation des performances de différentes structures hôtes du soufre. Les performances de ces structures ont été évaluées en termes d'utilisation du soufre, de cinétique des réactions électrochimiques et de rétention de capacité. Les propriétés catalytiques de différentes structures à base de fer, de cobalt et d'oxyde ont été évaluées. Les propriétés d'absorption, la morphologie et la porosité de la structure carbonée hôte, la quantité d'électrolyte et le chargement en soufre sont des paramètres clés qui ont été évalués au cours de cette étude. En effet le développement d'un matériau hôte permettant d'obtenir des performances élevées pour de faibles quantités d'électrolyte est une étape importante vers la commercialisation des batteries Li-S.
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Figure 37. (A)

The GCPL curves of the FePCN@S60 and Fe3CN@S60 electrodes at 0.1C in different E/S ratio.

(B) long-term stability of FePCN@S60 and Fe3CN@S60 at 0.1 C, E/S = 8 mL g -1 and of FePCN@S60 at 0. (A) CV of FepCN@S80 and Fe3CN@S80 at 0.1 mV s -1 , (B) initial GCPL curve of FePCN@S80 and Fe3CN@S80 at 0.1C, (C) second cycle of the GCPL curves of FepCN@S80 and Fe3CN@S80 at 0.1 C, and (D) long-term cycle stability of FepCN@S80 and Fe3CN@S80 at 0.1 C and 0.2 C respectively. .................. 

1-1. General Introduction

The development of advanced battery systems is being driven by a drastically increasing demand for more powerful, and economic energy storage, which can be used for portable electronics, electric vehicles and smart grids [START_REF] Armand | Building better batteries[END_REF][START_REF] Tarascon | Issues and challenges facing rechargeable lithium batteries[END_REF]. Lithium-ion batteries (LIBs), since their successful launch by Sony in 1991, have revolutionized human being life. They can be found in every aspect of the modern life, such as portable electronic devices, including mobile phones, digital cameras, and laptops, etc. LiBSs show high energy density and long lifespan compared with their lead-acid, nickel-cadmium, or nickel-metal hydride battery counterparts [START_REF] Goodenough | The Li-Ion Rechargeable Battery: A Perspective[END_REF].In 1976, M. Whittingham, for the first time, claimed that Li + ions could intercalate reversibly into a layered TiS2 structure [START_REF] Dunn | haresh kamath, jean-marie tarascon, Electrical energy storage for the grid: a battery of choices[END_REF]. Four years later (1980), Goodenough's group deduced the same intercalation mechanism using layered oxide type LiMO2 (M: Mn, Ni, Co) and succeeded in using these oxides as positive electrode materials for LiBs [5]. By combining this information, in 1983s, Akira Yoshino archived to fabricate lithium-ion batteries using Lithium Cobalt Oxide LiCoO2 as the positive electrode and Polyacetylene as the negative one [6].

A rechargeable LIB as an energy storage system, consists of a positive electrode (e.g Lithium Cobalt Oxide), and a negative electrode (mostly graphite). The two electrodes are immersed in an ionic conductor (organic liquid electrolyte), and separated physically by a non-electronic conductor (separator). During the charging process, at the positive electrode, lithium ions are extracted from the host structure, accompanied by oxidation of the transition metal (cobalt); the lithium ions then migrate by the electrolyte and intercalate in the negative electrode (Figure ,1A). On the other hand, during the discharge process, the lithium ions by leaving the negative electrode return to the positive electrode (Figure 1B). Simultaneously with the migration of Li + ions from one side to another, the electrons flow through the external circuit, and the electricity can be generated during discharge [START_REF] Armand | Building better batteries[END_REF]. The electrochemical half-reactions at the positive electrode (Eq.1), and at the negative electrode (Eq.2) during charge and discharge can be summarized as follows shown as example LiCoO2//graphite: 𝐿𝑖𝐶𝑜𝑂 2 ⇌ 𝐿𝑖 0.5 𝐶𝑜𝑂 2 + 0.5 𝐿𝑖 + + 0.5 𝑒 -(1) 𝐶 6 + 𝐿𝑖 + + 𝑒 -⇌ 𝐿𝑖𝐶 6 (2)

The Eq. 3 could represent the overall redox reaction of the battery operating:

2 𝐿𝑖𝐶𝑜𝑂 2 + 𝐶 6 ⇌ 2 𝐿𝑖 0.5 𝐶𝑜𝑂 2 + 𝐿𝑖𝐶 6 (3)
In general, LIBs compared to other types of commercialized batteries benefit from several promising advantages; such as high energy and power densities, high voltage of about 3.60 V (vs. Li + /Li), long cycling performance, low self-discharge rate as well as simple maintenance (Table1) LIBs benefit from high-power density and high cycle ability, which could cover their relatively low energy density and make them suitable energy storage systems to meet the requirements for some of the applications like portable electric devices, electric vehicles (EVs), and hybrid electric vehicles (HEVs) [START_REF] Dunn | haresh kamath, jean-marie tarascon, Electrical energy storage for the grid: a battery of choices[END_REF][START_REF] Balach | Metal-based nanostructured materials for advanced lithium-sulfur batteries[END_REF]. Recently, there is an argument over the LIBs technology in several aspects such as; (i) the positive electrode limitation in providing high capacity and energy densities, e.g Li [Ni0.33Mn0.33Co0.33] O2 (NMC 111) with the specific capacity of 155 mAh g -1 , (ii) using rare-elements such as cobalt and nickel, and (iii) employing graphite as the negative electrode with the specific capacity of 372 mAh g -1 . All of these hindrances deduce insufficient energy, especially for the next generation of EVs [10][START_REF] Hagen | Lithium-Sulfur Cells: The Gap between the State-of-the-Art and the Requirements for High Energy Battery Cells[END_REF][START_REF] Zhou | Amylopectin Wrapped Graphene Oxide/Sulfur for Improved Cyclability of Lithium-Sulfur Battery[END_REF][START_REF] Zhang | Preparation of monodispersed sulfur nanoparticles-partly reduced graphene oxide-polydopamine composite for superior performance lithium-sulfur battery[END_REF].

Since the past 10 years, research in the Li-S field has significantly accelerated [START_REF] Hagen | Lithium-Sulfur Cells: The Gap between the State-of-the-Art and the Requirements for High Energy Battery Cells[END_REF][START_REF] Wang | Sulfur-Based Composite Cathode Materials for High-Energy Rechargeable Lithium Batteries[END_REF]. It is believed that the Li-S battery can be a good alternative for LIBs owing to first; utilizing sulfur as the positive electrode which is costless, abundant, and more importantly it has high theoretical capacity (1675 mAh g -1 ). Second, in contrast with LiBs, the negative electrode in Li-S is Li metal with the theoretical capacity of 3861 mAh g -1 . Therefore, the Li-S battery can deliver the theoretical energy density (with an average of 2.15 V vs Li/Li + ) of 2510 Wh kg -1 and theoretical volumetric energy density of 1741 Wh L -1 in comparison with the theoretical energy density of LIBs with ~387 Wh kg -1 for LiCoO2 [START_REF] Son | Recent Advances in Lithium Sulfide Cathode Materials and Their Use in Lithium Sulfur Batteries[END_REF][START_REF] Scheers | A review of electrolytes for lithium-sulphur batteries[END_REF] (Figure 2A).

1-2. Li-S Introduction & mechanism

Typically, a Li-S battery consists of a sulfur composite as the positive electrode, metallic lithium as the negative electrode, organic electrolyte, and separator (Figure 2B). The most stable allotrope of sulfur at ambient temperature is ring-structural octa sulfur S8. The overall redox reaction of Li-S can be demonstrated as (Eq. 4)

𝑆 8 + 16𝐿𝑖 + + 16𝑒 -↔ 8𝐿𝑖 2 𝑆 𝐸 = 2.15𝑉 𝑣𝑠 𝐿𝑖/𝐿𝑖 + (4)
This reaction occurs in several steps at the positive electrode side during lithiation by producing high-order polysulfides including 𝑆 8 2-, 𝑆 6 2-, 𝑎𝑛𝑑 𝑆 4 2-soluble in the ether-based electrolyte and low-chain polysulfides including Li2S2, Li2S which are insoluble [START_REF] Yan | Capacity Fade Analysis of Sulfur Cathodes in Lithium-Sulfur Batteries[END_REF][START_REF] Mikhaylik | Polysulfide Shuttle Study in the Li/S Battery System[END_REF].

Starting from the discharge state, the multi-step reactions can be written as (not considering the chemical reactions): 𝑆 8(𝑆) → 𝑆 8(𝑙) ( 5)

𝑆 8 + 2𝑒 -→ 𝑆 8 2- (6) 3𝑆 8 2-+ 2𝑒 -→ 4𝑆 6 2-(7) 2𝑆 6 2-+ 2𝑒 -→ 3𝑆 4 2-(8) 𝑆 4 2-+ 2𝑒 -+ 4𝐿𝑖 + → 2𝐿𝑖 2 𝑆 2 (9) 𝑆 4 2-+ 6𝑒 -+ 8𝐿𝑖 + → 4𝐿𝑖 2 𝑆 (9′) 𝐿𝑖 2 𝑆 2 + 2𝑒 -+ 2𝐿𝑖 + → 2𝐿𝑖 2 𝑆 (10)
It is well accepted that the discharge process can be divided into three regions [START_REF] Cui | Polysulfide transport through separators measured by a linear voltage sweep method[END_REF][START_REF] Yuan | New insight into the discharge process of sulfur cathode by electrochemical impedance spectroscopy[END_REF]. In region I, starting with the dissolution of the solid-state S8 into the electrolyte to form liquid state S8 (Eq. 5), followed by the reduction process, and producing of Li + by oxidizing the lithium metal anode. In a classical electrolyte-based Li-S cell, successful reduction of 𝑆 8 to 𝑆 8 2-, 𝑆 6 2-, 𝑎𝑛𝑑 𝑆 4 2-yielding to a first plateau at 2.40 V vs Li/Li + followed by a sloping part (Eq.

7)

. This half-electron charge transfer per sulfur atom, contributes roughly 25% of the total Li-S capacity. As is demonstrated by the Nernst equation, by increasing the depth of discharge (DOD), the concentration of 𝑆 4 2-species increases, while S8(l) remains at its saturated concentration due to its low solubility in the electrolyte, deducing a decrease in the potential by time mainly affected by the 𝑆 4 2-concentration. By increasing the viscosity of the electrolyte to some point, owing to increasing 𝑆 4 2-concentration, the transportation of Li + encounters difficulties and a drop-in potential can be detected as the result of concentration polarization.

𝑆 8(𝑆) → 𝑆 8(𝑙) + 4𝑒 -→ 2𝑆 4 2- 𝐸 𝑈 = 𝐸 𝑈 0 + 𝑅𝑇 𝑛𝐹 ln [𝑆 8(𝑙) 0 ] [𝑆 4 2-] 2 (11) 
Region II (Figure 3), the soluble 𝑆 4 2-species undergo further reduction to produce insoluble Li2S2 and Li2S (Eq. 9, Eq. 9', 10). This stage of the discharge contributes to the major portion of the capacity with a fixed voltage. Based on the controlled Nernst equation since both Li2S and Li2S2 are insoluble, the activity of these two species remains unchanged while the concentration of 𝑆 4 2-decreases gradually due to its electrochemical conversion. Yielded in stable potential between 2.1 and 2.0 V vs Li/Li + until the electrode is largely covered by the nonconductive discharge products, at this level the cell resistance significantly increases and charge transfer path blocks, by showing a quick drop in the potential the reaction terminates.

𝑆 4 2-+ 2𝑒 -+ 4𝐿𝑖 + → 2𝐿𝑖 2 𝑆 2 (9) 𝐿𝑖 2 𝑆 2 + 2𝑒 -+ 2𝐿𝑖 + → 2𝐿𝑖 2 𝑆 ( 10 
)
𝐸 𝐿 = 𝐸 𝐿 0 + 𝑅𝑇 𝑛𝐹 ln [𝑆 4(𝑙) 2-] [𝑆 2(𝑆) 2-/𝑆 (𝑠) 2-] 4 (12) 
Region III. the end of the discharge continues with a sloping tail corresponding to solid-solid conversion from Li2S2 o Li2S as shown by equation (10). This conversion due to the solid nature of the product and low diffusion in the bulk is known as the most difficult conversion [START_REF] Yan | Capacity Fade Analysis of Sulfur Cathodes in Lithium-Sulfur Batteries[END_REF].

In charge, the scan begins with a polarization due to the insulating character of Li2S/Li2S2

(Figure 3, point A) followed by a long flat plateau (region II+III) at lower potential assigning to the conversion of short chain PSs to high chain PSx (4≤ 𝑥 ≤ 8 ). The charge curve terminates by demonstrating an upper plateau (region I) corresponding to further oxidation of high-chain PSs to S8 [START_REF] Angulakshmi | Understanding the Electrolytes of Lithium-Sulfur Batteries[END_REF] (Figure 3). 

1-3. Challenges & Drawbacks

Overall, several challenges that hinder the practical application of Li-S battery. on the sulfur side, the most known are:

-Dissolution of intermediate lithium polysulfides into the electrolyte.

Upon cycling, long-chain lithium polysulfide species (LiPSs) form which are soluble in the ether-based electrolytes [START_REF] Yin | Lithium-Sulfur Batteries: Electrochemistry, Materials, and Prospects[END_REF]. The dissolution of the active materials cause, not only losing active materials up on cycling (long-chain LiPSs remain in the electrolyte, without participating in the electrochemical reaction), but also their diffusion (shuttle effect), leads to several side reactions. Therefore, poor discharge capacity, low coulombic efficiency, and rapid capacity decay are often observed during cycling (Figure 4). -Low conductivity of sulfur and lithium sulfide.

The insulating nature of sulfur and lithium sulfide with the electronic conductivity of ~10 - 30 and ~10 -13 S cm -1 for sulfur and Li2S respectively, result in a low efficiency in active material utilization [START_REF] Evers | New Approaches for High Energy Density Lithium-Sulfur Battery Cathodes[END_REF]. The precipitation of insulating lithium sulfide during discharge as well, causes passivation of the cathode surface, limiting the discharge capacity that can practically be achieved.

-The large volumetric expansion of sulfur upon lithiation.

Due to the difference in density between S8 and Li2S (2.03 vs. 1.66 g cm -3 respectively), sulfur undergoes a large volumetric expansion of about 80% upon full lithiation to Li2S, which can cause pulverization and structural damage at the electrode level [START_REF] Manthiram | Rechargeable Lithium-Sulfur Batteries[END_REF]. There are several issues, on both sides (positive/negative electrode), that need to be overcome before the commercialization of Li-S batteries.

-PSs shuttle effect. Diffusion of the soluble LiPSs to the lithium electrode where can be chemically reduced to form Li2S2/Li2S. These reduced species then diffuse back to the sulfur electrode to be re-oxidized. This parasitic polysulfide shuttle effect leads to selfdischarging and infinite charge [START_REF] Cao | Anodes for Rechargeable Lithium-Sulfur Batteries[END_REF]. -Non-uniform solid electrolyte interphase (SEI). Lithium metal is highly reactive and reacts with the electrolyte to form a SEI on the surface, which is ionically conducting but electronically insulating [START_REF] Cao | Anodes for Rechargeable Lithium-Sulfur Batteries[END_REF]. However, in most cases, the SEI is non-uniform and does not passivate the lithium metal surface sufficiently, leading to continuous, undesirable side reactions with the electrolyte. This consumes both lithium metal, PS, and electrolyte, resulting in poor reversibility and low coulombic efficiency during cycling -Dendrite growth of lithium metal. The growth of lithium dendrites leads to continuous breaking and reforming of the SEI, which further consumes lithium metal and electrolyte [START_REF] Seh | Designing high-energy lithium-sulfur batteries[END_REF]. This causes the battery to eventually fail due to the depletion of electrolytes and high impedance through the thick SEI. Dendrites break off and lose contact with the lithium metal electrode and become, dead lithium resulting thus in further loss of capacity. Moreover, dendrites can potentially penetrate the separator and lead to internal short circuits, leading to serious safety hazards.

PSs Shuttle effect

The LiPSs shuttle effect is the major challenge with Li-S and will be described more in detail.

Therefore, in the following paragraphs, we focus on understanding this phenomenon. 

There is a back diffusion of the soluble low-chain LiPSs to the sulfur electrode and re-oxidation into the high-chain LiPSs. PSs shuttle causes self-discharge and consumes current without the contribution of charging the battery. Therefore, the upper plateau in the charge is a competition between electrochemical oxidation of LiPSs at the positive electrode, and chemical reduction of long chain polysulfide at the negative electrode.

The shuttle phenomenon can be affected by the charge current, and temperature. As shown by M. R. Busche et al. [START_REF] Busche | Systematical electrochemical study on the parasitic shuttle-effect in lithium-sulfur-cells at different temperatures and different rates[END_REF], decreasing the cycling rate as well as elevating the temperature (the diffusion process is more activated by the temperature than the conversion reaction kinetics) strengthened the impact of the shuttle effect. The study further showed that "the higher the rate the better the coulombic efficiency". The best cycling performance was achieved when cycling at room temperature with rates of 0.1 C and 0.2 C. They identified that the shuttle effect is pronounced at low rates (more time for diffusion), however at a high rate the capability is limited due to incomplete utilization of active mass.

There are two different voltage profiles during the charge depending on, the charge-shuttle factor defined by the ratio of the product of (a) the specific capacity of the upper plateau QH, (b) the whole concentration of sulfur [Stotal], (c) the shuttle constant Ks and the charge current (d), and IC (Eq. [START_REF] Mikhaylik | Polysulfide Shuttle Study in the Li/S Battery System[END_REF].

𝐹 𝐶 = 𝐾 𝑆 𝑄 𝐻 [𝑆 𝑡𝑜𝑡𝑎𝑙 ]
𝐼 𝐶 [START_REF] Mikhaylik | Polysulfide Shuttle Study in the Li/S Battery System[END_REF] Based on equation ( 18) by increasing the IC, FC decrease, and the cell can be successfully charged, showing a sharp voltage increase. In contrast, for the lower IC, the cell never reaches complete charge and shows an infinite constant voltage plateau

The discharge capacity evaluation

The discharge capacity at DOD can be calculated by equation [START_REF] Cui | Polysulfide transport through separators measured by a linear voltage sweep method[END_REF]: 

𝑄 𝑖 = ∑
As it is demonstrated by Eq. (1-20), the total discharge capacity after the first cycle, could be categorized in two main parts including the conversion of S8 to high-chain PSs and further reduction of long-chain PSs to Li2S2/Li2S.

In general, total capacity fade 𝑍, of a liquid type Li-S battery can be divided into three parts as below;

𝑍 = 𝑍 1 + 𝑍 2 + 𝑍 3
Where 𝑍 1 , capacity fade due to dissolving 𝑆 8 into the electrolyte (self-discharge) 𝑍 2 , capacity fade owing to the formation of a passivation layer including Li2S2/Li2S on the surface of both electrodes, and also lithiation/delithiation; 𝑍 3 , the capacity fade due to incomplete conversion either solid to solid 𝐿𝑖 2 𝑆 2 → 𝐿𝑖 2 𝑆 during discharge, or liquid to solid conversion during charge process 𝑃𝑆 𝑆 → 𝑆 8 [START_REF] Yan | Capacity Fade Analysis of Sulfur Cathodes in Lithium-Sulfur Batteries[END_REF][START_REF] Mikhaylik | Polysulfide Shuttle Study in the Li/S Battery System[END_REF].

1-3. Li-S System Composition

In the following paragraphs different parts of Li-S batteries such as the positive electrode, the electrolyte, the separator and the negative electrode will be discussed in detail.

1-3-1. Electrolyte

The importance of the electrolyte can be explained by its role in Li + and PSs ions mobility during charge/discharge. The possible solvents for Li-S systems must have some pre-requisites such as (i) high solvation ability vs Li + , (ii) low viscosity (iii) high boiling points (iv) high chemical and electrochemical stabilities [START_REF] Yamin | Electrochemistry of a nonaqueous lithium/sulfur cell[END_REF][START_REF] Ohno | Development of new class of ion conductive polymers based on ionic liquids[END_REF].

Ether Solvents (non-fluorinated solvents)

In contrast with the LiBs, carbonate-based solvents owing to strong nucleophilic reaction with PSs anions are not considered as the appropriate electrolytes in Li-S systems, instead, etherbased electrolytes are commonly used [START_REF] Gao | Effects of Liquid Electrolytes on the Charge-Discharge Performance of Rechargeable Lithium/Sulfur Batteries: Electrochemical and in-Situ X-ray Absorption Spectroscopic Studies[END_REF]. Although the ether functional group can be oxidized at a potential higher than 4.0 V vs. Li/Li + , they still can be used as the solvent for the Li-S batteries. All types of ether solvents including cyclic, linear, short chain, and oligomers are suitable for the Li-S system. Currently, 1 M LiTFSI in (1:1) mixture of dimethoxyethane (DME) and 1,3 dioxolane (DOL), containing LiNO3 as the additive is considered a benchmark to evaluate the performance of Li-S batteries. The DOL/DME mixture at room temperature is capable of dissolving up to 1 M of produced Li2S6 during discharge [START_REF] Pan | On the Way Toward Understanding Solution Chemistry of Lithium Polysulfides for High Energy Li-S Redox Flow Batteries[END_REF]. The high solubility of polysulfides in high donor electrolytes is associated with different disproportionation and dissociation routes of polysulfides. These routes which are inaccessible in low donor electrolytes, involve the generation of the tri-sulfur radical anion (S3 •-) during the discharge/charge phenomena. This radical anion commences different reaction pathways to increase the sulfur utilization. In addition, high donor electrolytes permit the precipitation of large size Li2S, instead of films, which allows the electrode to circumvent passivation by insulating Li2S, and to retain its conductive surface to facilitate stable redox reactions during long-term cycling (Figure 7) [START_REF] Shin | Recent Progress in High Donor Electrolytes for Lithium-Sulfur Batteries[END_REF].

Figure 7. the Schematic demonstrating the lithiation process in low and high donor electrolytes in Li-S batteries [START_REF] Shin | Recent Progress in High Donor Electrolytes for Lithium-Sulfur Batteries[END_REF].

Polysulfide solubility

The main advantage of the high donor electrolytes is their high solubility toward intermediate polysulfides. The high solubility of lithium polysulfides under lean electrolyte conditions is essential for achieving high energy density in Li-S batteries. To benchmark, the solubility limits of polysulfides, the dissolution of 1.5 M of Li2S6 in various high donor solvents such as: DMA, DMSO, 1-methylimidazole (MeIm), and DOL/DME were compared. The Gutmann donor numbers (DN) and dielectric constants (ε) are summarized in Table 3. It was revealed that for the solvents with a high donor number, a transparent solution of polysulfides was achieved.

Therefore, DOL/DME, with a relatively low donor number, displayed obvious precipitation, reflecting its incapability to accommodate such high polysulfide concentrations (Figure 8A).

Table 3. Gutmann donor numbers (DN) and dielectric constants (ε) of different solvents [START_REF] Shin | Recent Progress in High Donor Electrolytes for Lithium-Sulfur Batteries[END_REF].

The results indicated that the solubility of polysulfides in DOL/DME can be insufficient to reach high sulfur utilization under lean electrolyte. In addition, shorter polysulfide chains are less soluble than longer ones. The insolubility of short-chain polysulfides could result in severe passivation of the conductive agent and hinder the complete conversion of S8 to Li2S, which would be exacerbated under lean electrolyte conditions (Figure 8B). 

Fluorinated Solvent

In contrast with the idea of increasing the solubility of LiPSs, there is another point of view saying that the solubility of LiPSs must be reduced, therefore Fluorinated Solvents are introduced to prevent the PSs dissolution, and limit the shuttle mechanism. Fluorinated ether as co-solvent for Li-S batteries can effectively reduce the solubility of LiPS because of the greatly attenuated electron donating power of the ether oxygen by the strong electron withdrawing fluorine on the 𝛼-carbon [START_REF] Lin | Organic liquid electrolytes in Li-S batteries: actualities and perspectives[END_REF]. A commercially available fluorinated ether, 1,1,2,2tetrafluoroethyl-2,2,3,3-tetrafluoropropyl ether (TTE) was proved to form SEI films, which further prevent parasitic reactions and thus improves coulombic efficiency through mitigating polysulfide dissolution and promoting conversion kinetics from polysulfides to Li2S2/Li2S [START_REF] Azimi | Understanding the Effect of a Fluorinated Ether on the Performance of Lithium-Sulfur Batteries[END_REF]. However, we believe that the dissolution of PSs in the electrolyte is a key factor to reach high sulfur utilization, although in this case the shuttle phenomena is more intense but it can be mitigated by sulfur electrode or separator modification.

1-3-1-1 Lithium Salts

The lithium salt is a Li + provider in the Li batteries, therefore it must have some prerequisites such as high solubility, and high dissociation ability in the organic solvent. The counterpart anions must have high stability in the electrolyte and against oxidative decomposition at the positive electrode. The salt must be thermally stable to tolerate the sudden change in the inner cell temperature, chemically stable, and compatible with the cell components [START_REF] Yi | Monodisperse Micrometer-Scale Spherical Assemblies of Polymer Particles[END_REF]. PSs anion, as a strong nucleophilic agent, can react with lithium salts such as LiPF6 [START_REF] Yang | Structural Design of Lithium-Sulfur Batteries: From Fundamental Research to Practical Application[END_REF], LiBF4, LiB(C2O4)2

(LiBOB) and LiBF2C2O4 (LiDFOB) [START_REF] Gao | Effects of Liquid Electrolytes on the Charge-Discharge Performance of Rechargeable Lithium/Sulfur Batteries: Electrochemical and in-Situ X-ray Absorption Spectroscopic Studies[END_REF][START_REF] Tran | Pyrite FeS2-C composite as a high capacity cathode material of rechargeable lithium batteries[END_REF].The two most compatible salts for Li-S batteries are LiTFSI, and LiTF, nevertheless application of these two salts is limited to the low voltage batteries owing to their corrosive nature vs the aluminum current collector at potential higher than 4 V vs Li/Li + [START_REF] Gu | Suppressing the dissolution of polysulfides with cosolvent fluorinated diether towards high-performance lithium sulfur batteries[END_REF]. 

1-3-1-2. Solvent Additives

The presence of the additives is important to be studied in all LiBs owing to their advantages and limitations. In Li-S batteries more specifically, the electrolytes additive (i) can assist to form stable solid electrolyte interphase on the surface of the Li metal (SEI) and protect the negative electrode. (ii) decrease the solubility of PSs in the ether-based electrolyte to limit their diffusion [START_REF] Papagiorgis | Long-Lived Hot Carriers in Formamidinium Lead Iodide Nanocrystals[END_REF]. LiNO3 is the most investigated additive in Li-S batteries, this salt can protect the Li metal electrode, in synergy with polysulfides by forming a passive layer composed mainly of inorganic compounds LiNO3, Li2SO3, Li2SO4, and Li2S [START_REF] Zhang | The synergetic interaction between LiNO3 and lithium polysulfides for suppressing shuttle effect of lithium-sulfur batteries[END_REF]due to its strong oxidation ability and its facile reduction on the lithium surface. Other additives such as cesium nitrate, (CsNO3) [START_REF] Yan | Micro-/Nanostructured Multicomponent Molecular Materials: Design, Assembly, and Functionality[END_REF], lanthanum nitrate (LaNO3) [START_REF] Liu | Lanthanum Nitrate As Electrolyte Additive To Stabilize the Surface Morphology of Lithium Anode for Lithium-Sulfur Battery[END_REF], and potassium nitrate (KNO3) [START_REF] Jia | Extremely Accessible Potassium Nitrate (KNO3) as the Highly Efficient Electrolyte Additive in Lithium Battery[END_REF] by focusing on the positive role of nitrate on the electrode and electrolyte interface have been investigated.

By changing the 𝑁𝑂 3 -, the effect of other additives such Lithium Iodide (LiI) [START_REF] Wu | Lithium Iodide as a Promising Electrolyte Additive for Lithium-Sulfur Batteries: Mechanisms of Performance Enhancement[END_REF], has been investigated. The presence of LiI in DME based electrolytes by forming a Li + -polymeric permeable protective layer, on the surface of both positive and negative electrodes, can reduce the dissolution of PSs in the electrolyte and prevent the PSs reduction on the Li metal electrode.

Several organic compounds as well, have been investigated as the additive for Li-S batteries [START_REF] Wu | Lithium Iodide as a Promising Electrolyte Additive for Lithium-Sulfur Batteries: Mechanisms of Performance Enhancement[END_REF]. It is claimed that these additives can provide advantages in terms of affording higher stability and delivering high discharge capacity, by reacting with PSs. For example, BiPhenyl-4,4' dithiol (BDP) by forming BDP-Sx and reducing to BDP-S2 decrease the migration of PSs [START_REF] Wu | Thiol-based electrolyte additives for high-performance lithium-sulfur batteries[END_REF]. Organyl disulfides (Ph2S2) was also explored as the additives for Li-S and an improvement in terms of efficiency, and cycle stability has been observed [START_REF] Phadke | Catholyte Formulations for High-Energy Li-S Batteries[END_REF]. Several others organic additives also were studied by focusing on decreasing the PSs solubility and the protecting Li metal electrode. Such as pyrrole by stabilizing the two electrodes and forming a polypyrrole layer [START_REF] Yang | Pyrrole as a promising electrolyte additive to trap polysulfides for lithium-sulfur batteries[END_REF], or thionyl chloride (SOCl2), after reaction can form a stable layer, mainly composed of LiCl, on the Li metal and limit the diffusion of soluble PSs [START_REF] Angulakshmi | Understanding the Electrolytes of Lithium-Sulfur Batteries[END_REF].

In the above-mentioned part, conventional solvents, salts and the additive were mentioned and their effect on the performance of Li-S have been investigated. The electrolyte can have a strong impact on the Li-S system either by the composition or the amount of the electrolyte. In the following part by fixing the mostly used electrolyte including 1M LiTFSI in (1:1) of DME/DOl in the presence of LiNO3 as the additive, the impact of the amount of electrolyte on the performance and stability of the cell will be investigated.

1-3-1-3. Electrolyte amount

Liquid-based Li-S is highly affected by the electrolyte, whether in terms of sulfur utilization, or capacity retention. The effect of the E/S ratio (electrolyte amount to the sulfur mL/g) was studied by Li et al. 18 three different cells with various E/S were prepared and tested. The cell with 12 mL g -1 of electrolyte indicating sufficient electrolyte delivered the highest capacity and fastest capacity fading after 100 cycles. The cell with the E/S 5 mL g -1 indicates the cell with insufficient electrolyte, this cell delivers the lowest capacity, although with higher stability after 100 cycles. For the E/S = 8 mL g -1 representing the cell with the proper amount of electrolyte, high first discharge capacity with reasonable stability after 100 cycles was observed. In fact, by increasing the amount of electrolyte, the sulfur utilization will increase, deducing high discharge capacity, low viscous electrolyte, speeding up the PSs diffusion, and losing active material. In contrast, an insufficient amount of electrolyte makes highly viscous PSs which causes a limitation in the diffusion and increases the polarization [START_REF] Yan | Capacity Fade Analysis of Sulfur Cathodes in Lithium-Sulfur Batteries[END_REF].

Revealing the effect of the electrolyte on Li-S batteries needs to be more investigated, especially in determining the optimized value of E/S, which is different from one cell to another with different compositions. In fact, the optimized E/S value is affected by many factors, including the nature of the solvent, the sulfur content and loading, the specific surface area and porosity of the sulfur host materials, the surface chemistry of the carbon based host structure as well as the configuration of Li/S cells [START_REF] Zhang | Improved Cyclability of Liquid Electrolyte Lithium/Sulfur Batteries by Optimizing Electrolyte/Sulfur Ratio[END_REF]. In general, based on the application of a Li-S cell the E/S must be optimized, for example, to reach high power density higher E/S value must be used, or for the application in high temperature or low scan rates, the E/S has to be as low as possible to limit the diffusion process of LiPSs and reach high performance.

1-4. Separator

The separator is placed between positive and negative electrodes to prevent short circuits, without disrupting Li + ion crossing in the Li-S system, the highly soluble PSs can easily go through the separator and react with the Li metal anode. It has been reported that to improve the Li-S performance exploring new separators or modifying the existing ones can be an effective way. Commercial separators including polypropylene (PP), and polyethylene (PE) are commonly used in secondary batteries including Li-S, owing to their mechanical properties, high porosity and chemical and electrochemical stabilities. As PP or PE are not able to prevent PSs diffusion, utilizing these separators without modification leads to poor performance.

Therefore, treating the positive electrode side of PP or PE with different materials has been reported as an effective way to mitigate the LiPSs shuttling [START_REF] Ghazi | MoS2/Celgard Separator as Efficient Polysulfide Barrier for Long-Life Lithium-Sulfur Batteries[END_REF]. In the following paragraphs we tried to collect and discuss several types of materials which have been explored as the modified separator.

1-4-1. Carbon Modification

Covering the surface of the separator by a layer of carbon can limit the PSs diffusion, and enhance the electrochemical performances. In fact, carbon acts as a physical barrier either by encapsulating the PSs, or by limiting the porosities' size in the separator and reduce the speed of PSs diffusion to the Li metal. The effect of numerous carbon materials including carbon black (Vulcan XC72) coated on PP separator [START_REF] Ye | A modularly-assembled interlayer to entrap polysulfides and protect lithium metal anode for high areal capacity lithium-sulfur batteries[END_REF], multi wall carbon nanotube (MWCNTs) [START_REF] Chung | High-Performance Li-S Batteries with an Ultra-lightweight MWCNT-Coated Separator[END_REF],

activated carbon nanofiber (ACNF) [START_REF] Chung | Lithium-Sulfur Batteries: Electrochemically Stable Rechargeable Lithium-Sulfur Batteries with a Microporous Carbon Nanofiber Filter for Polysulfide[END_REF] or graphene oxide (GO) [START_REF] Huang | Permselective Graphene Oxide Membrane for Highly Stable and Anti-Self-Discharge Lithium-Sulfur Batteries[END_REF] have already been investigated(Figure 11). As reported, applying these types of carbon on the surface of the separator by different method, has ended up in an enhancement in Li-S performance, by improving cycle stability of the cells. However, employing a carbonaceous coated separator, usually cause an increasing in the thickness of the separators and reduce the wettability and increase the resistance of the cell. More than that, obtaining a stable and uniform layer of carbon materials on the surface of the PP or PE it remains a challenge in terms of engineering point of view [START_REF] Zhou | A Flexible Sulfur-Graphene-Polypropylene Separator Integrated Electrode for Advanced Li-S Batteries[END_REF]. 

1-4-1. Polymer Modification

Coating the surface of the separator with a layer of a polymer has several advantages such as;

(i) limiting the PSs (negatively charged) diffusion by negative charged functional groups (ii) using functional groups which are capable of anchoring LiPSs and limiting its diffusion, (iii) decreasing the size of the porosity in the PP or PE separators and enhance the physical confinements of LiPSs. For example, Nafion® benefiting from negatively charged sulfonate groups is considered a promising polymer to act like a repulsive agent and prevent PSs movement through the separator. Different thicknesses of Nafion® have been studied and some improvements in the coulombic efficiency of the Li-S have obtained. However, in terms of capacity retention, no progress was achieved in comparison with routine membranes [START_REF] Bauer | Reduced polysulfide shuttle in lithiumsulfur batteries using Nafion-based separators[END_REF].

Other types of polymers such as polypyrene (ppy) nanotubes were employed to cover the surface of Celgard® separator, an enhancement in the coulombic efficiency, and retention has acquired due to strong interaction between ppy functional groups and the PSs [START_REF] Ma | Enhanced performance of lithium sulfur batteries with conductive polymer modified separators[END_REF]. Zhang et al. 54 cover the surface of PP with a binary layer of graphene oxide as the blocking layer (physical barrier) with 0.0032 mg cm -2 , and a layer of Nafion® by the loading of 0.05 mg cm -2 as the retarding layer (chemical barrier). An improvement in the discharge capacity (969 to 1057 mAh g -1 ), coulombic efficiency (80% to 95%) and retention (0.34% to 0.18% per cycle) compare to the unmodified separator was observed [START_REF] Zhuang | Rational Integration of Polypropylene/Graphene Oxide/Nafion as Ternary-Layered Separator to Retard the Shuttle of Polysulfides for Lithium-Sulfur Batteries[END_REF].

The Polymer coating has an advantage over carbon coating such as; a) the adjustable thickness of polymer can easily be acquired, and (ii) many forces like a physical barrier, chemisorption, and electrostatic forces can effectively anchor LiPSs in the cathode side, while in carbon coating the only forces in LiPSs confinement is a physical barrier.

1-4-1. Inorganic Film Modification

The idea of modifying the routine separator by a layer of polar inorganic materials such as different metal oxides of V [START_REF] Li | V2O5 Polysulfide Anion Barrier for Long-Lived Li-S Batteries[END_REF],Mn [START_REF] Qian | Ketjen Black-MnO Composite Coated Separator For High Performance Rechargeable Lithium-Sulfur Battery[END_REF], Al [START_REF] Zhang | Al2O3-coated porous separator for enhanced electrochemical performance of lithium sulfur batteries[END_REF],Si [START_REF] Li | Decoration of Silica Nanoparticles on Polypropylene Separator for Lithium-Sulfur Batteries[END_REF], Ti [START_REF] Zhou | Twinborn TiO2-TiN heterostructures enabling smooth trapping-diffusion-conversion of polysulfides towards ultralong life lithium-sulfur batteries[END_REF][START_REF] Tang | In-situ synthesis of carbon@Ti4O7 non-woven fabric as a multi-functional interlayer for excellent lithium-sulfur battery[END_REF] or metal sulfides such as MoS2, or black phosphorous has attracted more attention. For example, a dense and thin layer of V2O5 or Al2O3 deposited on the surface of Celgard® 2320 can act as a physical barrier to hinder the PSs diffusion out of the sulfur electrode, thus an improvement in the capacity retention and coulombic efficiency was observed. MoS2 [START_REF] Ghazi | MoS2/Celgard Separator as Efficient Polysulfide Barrier for Long-Life Lithium-Sulfur Batteries[END_REF] as a covering layer on the surface of the separator also lead to a Li-S cell with high coulombic efficiency and capacity retention [START_REF] Ghazi | MoS2/Celgard Separator as Efficient Polysulfide Barrier for Long-Life Lithium-Sulfur Batteries[END_REF]. The inorganic film chosen to cover the surface of the separator must not hinder Li + diffusion. MoS2/Celgard® exhibited an excellent Li + transport property and effectively trap PSs with a capacity decay of less than 0.083% per cycle over 600 cycles without a negative effect on the ion migrating (Figure 12). In another interesting reports [START_REF] Yim | Effective Polysulfide Rejection by Dipole-Aligned BaTiO3 Coated Separator in Lithium-Sulfur Batteries[END_REF], a porous PE separator was impregnated by barium titanium oxide (BaTiO3) particles, to electrostatically repulse the PS negatively charge species. These particles benefited from ferroelectric character. By applying an electric field, they can be maintained permanently polarized even after removing the electrical potential. As can be visualized, in Figure 13, after 24h, still high retention of PSs can be seen in comparison with the separator alone but no information related to the concentration of the PSs has been mentioned. Separator modification is a good technique to increase the coulombic efficiency and Li metal protection more than improving capacity retention. In fact, when PSs are dissolved in the electrolyte and no longer in the positive electrode side, some of them can diffuse in the dead corner of the cell or be trapped in the functional separator which causes losing active materials.

It can be concluded that PSs retention by a thin layer of inorganic materials or polymer couldn't be an effective way but it can be a complementary method to be used with other modification techniques such as sulfur electrode modification.

1-5. Sulfur Positive Electrodes

The sulfur electrode is considered the most important part of the Li-S system. The aim of sulfur cathode modification is to focus on developing some features to mitigating the shuttle effect, enhancing the electronic conductivity, and increasing the mechanical properties of the cathode host materials. However, developing a material which benefits from these three properties simultaneously, stills remain a challenge. Carbonaceous materials, including graphene, carbon nanotubes (CNTs), and carbon nanofibers (CNFs), benefit from high electronic conductivity while these nonpolar materials due to their low interaction with polar PSs, cannot provide high cycle stability.

As the aim of this project is to develop new sulfur host materials for Li-S batteries, in the following paragraphs we are going to discuss of different host materials in details and their advantages over each other.

1-5-1. Graphene/Graphene Derivatives Materials

Due to remarkable chemical, mechanical, thermal stability, electrical conductivity, and surface area [2630 m 2 g -1 ], graphene (as a carbon 2D material), has been considered to be capable of improving the performance of batteries [START_REF] Zhang | Graphene and its derivatives in lithium-sulfur batteries[END_REF]. Figure 14 summarizes the advantage of utilizing graphene in several energy storage systems. Concerning the Li-S system, by utilizing graphene the low electronic conductivity of sulfur and its discharge products can be compensated. On the other hand, the excellent mechanical stability (good flexibility to circumvent the mechanical stress induced by electrochemical cycling) of this 2D material can prevent electrode pulverization due to volume change during cycling These features can address two important challenges which the Li-S system faces. Although some literature has reported that the PSs shuttle also can be addressed by simple graphene, however, only physical confinement cannot provide high PSs retention, especially in the high mass loading of sulfur, and need to be modified by some polar atoms [START_REF] Changgu | Measurement of the Elastic Properties and Intrinsic Strength of Monolayer Graphene[END_REF][START_REF] Marcano | Improved Synthesis of Graphene Oxide[END_REF]. After 2009, when for the first time a mixture of S and porous carbon was developed by melt diffusion [START_REF] Ji | A highly ordered nanostructured carbon-sulphur cathode for lithiumsulphur batteries[END_REF][START_REF] Yu | Graphene materials for lithium-sulfur batteries[END_REF][START_REF] Wu | Graphene-based nano-materials for lithium-sulfur battery and sodium-ion battery[END_REF], many other types of carbon materials including graphene and its derivatives like Graphene Oxide (GO), and reduced Graphene Oxide (rGO) were tested as the sulfur host materials. GO, as the most important graphene derivative, presents numerous functional groups which can increase the chemical adsorption toward PSs. Additionally, this family can be easily doped with functional groups or heteroatoms. Furthermore, these materials are highly compatible with metal components, carbonaceous, and conductive polymers [START_REF] Haubner | The Route to Functional Graphene Oxide[END_REF][START_REF]The rise and rise of graphene[END_REF].

The interaction between sulfur and graphene can be categorized microscopically, and macroscopically. In the macroscopic scale, flexible 2D materials are able to encapsulate the sulfur particles. Such a configuration results in facilitating the electron transfer between the electrolyte and sulfur, in the physical entrapping of PSs, and buffers the S8 to Li2S volume change. In the atomic scale, inside the hexagonal honeycomb crystal structure, carbon atoms are connected with sp 2 bonds with the 𝜋 -𝜋 * out of the plane. Such a bonding configuration induces the nonpolar nature of graphene. elemental sulfur as well possess a systematic nonpolar double layer with an octagonal structure. The non-polar/non-polar configuration causes a strong Van der Waals interaction and increases the wettability of graphene (Figure 15A).

However, the decrease in the number of S atoms in the polysulfide chains leads to a weak Van der Waals interaction and poor immobilization of LiPSs (Li2S4 possesses the lowest binding energy to graphene), compared to amorphous graphene (including defects in the structure. The above-mentioned results prove that carbon materials are not capable of adsorbing the large amount of PSs, and in order to improve the adsorption they must be doped with heteroatoms [START_REF] Lin | Scotch-tape-like exfoliation of graphite assisted with elemental sulfur and graphene-sulfur composites for high-performance lithium-sulfur batteries[END_REF].

The chemical interaction between PSs and graphene or its derivatives mainly comes from the functional groups attached to the surface (Figure 15B), especially in GO or graphite oxide when strong oxidant (H2SO4, NaNO3, KMnO4), force the graphite layers to be separated by breaking the Van der Waals bonds between them. Many functional groups like Carbonyl (C=O), Oxygen, Epoxy, Hydroxyl(-OH), Carboxyl(-COOH), and Phenol, would be left in GO structure [START_REF] Dikin | Preparation and characterization of graphene oxide paper[END_REF]. Some of these functional groups, especially the ones attaching to hydrogens like hydroxyl and carboxyl can be entirely or partially removed by thermal or chemical reduction, resulting in the formation of reduced graphene oxide (rGO) [START_REF] Haubner | The Route to Functional Graphene Oxide[END_REF] with more defects, relatively higher electrical conductivity and more mechanical robustness than GO [START_REF] Haubner | The Route to Functional Graphene Oxide[END_REF]. Although the presence of defects and functional groups deteriorate the conductivity and mechanical properties of graphene, however, utilizing these 2D structures renders several unique properties such as (i) a homogeneous suspension of GO in water or other solvents like short chain alcohol, without restacking and aggregation can be obtained (the hydrophilic nature GO sheets) (ii) the functional groups and defects can provide strong chemisorption toward PSs and suppress shuttle effect [START_REF] Ji | Graphene Oxide as a Sulfur Immobilizer in High Performance Lithium/Sulfur Cells[END_REF]. K. C. Wasalathilake et al [START_REF] Wasalathilake | Interaction between functionalized graphene and sulfur compounds in a lithium-sulfur batterya density functional theory investigation[END_REF]. report that different functional groups can have strong adsorption toward PSs. For example, hydroxyl functional groups possess the strongest interaction with Li2S4, while the carboxylic functional groups have a higher tendency to interact with Li2S8 [START_REF] Wasalathilake | Interaction between functionalized graphene and sulfur compounds in a lithium-sulfur batterya density functional theory investigation[END_REF]. The physical and chemical properties of GO, and rGO can be further improved. In terms of physical modifications, various fabrication methods such as hydrothermal method, CVD, templating, etc. to construct different architectures including (macro, meso, and micropores) can improve sulfur encapsulation, and act as physical barrier [START_REF] Tang | CaO-Templated Growth of Hierarchical Porous Graphene for High-Power Lithium-Sulfur Battery Applications[END_REF][START_REF] Li | Dense integration of graphene and sulfur through the soft approach for compact lithium/sulfur battery cathode[END_REF][START_REF] Li | Dense Graphene Monolith for High Volumetric Energy Density Li-S Batteries[END_REF]. For instance, micropores (< 2nm) are capable of influencing the kinetic of S8 dissolution process, by increasing the restoration of the PSs chain (adopting the chain length based on the size of the porosity). The mesoporous, by affording enough room for S8 and LiPSs, provide high sulfur utilization and improve the specific capacity. finally, the macropores with a diameter >50 nm are capable of reaching high sulfur mass loading and buffer the volume change, although with a little impact on the PSs confinement [START_REF] Chen | Graphene-Based Three-Dimensional Hierarchical Sandwich-type Architecture for High-Performance Li/S Batteries[END_REF][START_REF] He | Three-dimensional CNT/graphene-sulfur hybrid sponges with high sulfur loading as superior-capacity cathodes for lithium-sulfur batteries[END_REF].

The chemical modifications can be divided into two categories, firstly, doping or co-doping GO/rGO with many heteroatoms, such as N [START_REF] Cheng | Synergetic pore structure optimization and nitrogen doping of 3D porous graphene for high performance lithium sulfur battery[END_REF], P [START_REF] Wu | A high-efficiency N/P co-doped graphene/CNT@porous carbon hybrid matrix as a cathode host for high performance lithiumsulfur batteries[END_REF], S [START_REF] Ma | Sulfur-Doped Graphene Derived from Cycled Lithium-Sulfur Batteries as a Metal-Free Electrocatalyst for the Oxygen Reduction Reaction[END_REF], I [START_REF] Xiao | Sandwich-Type NbS2@S@I-Doped Graphene for High-Sulfur-Loaded, Ultrahigh-Rate, and Long-Life Lithium-Sulfur Batteries[END_REF], and B [START_REF] Xie | Effect of Boron-Doping on the Graphene Aerogel Used as Cathode for the Lithium-Sulfur Battery[END_REF] which are capable of forming bonds with sulfur and PSs, and double or triple the bonding energy.

Secondly, the implementation of the GO/rGO with functional groups such as catecholamine [START_REF] Ahad | Catecholamine-Functionalized Reduced Graphene Oxide: A Scalable Carbon Host for Stable Cycling in Lithium-Sulfur Batteries[END_REF], amino, phenyl sulfonate [START_REF] Zhou | Binder-free phenyl sulfonated graphene/sulfur electrodes with excellent cyclability for lithium sulfur batteries[END_REF], and oleyl-amine [START_REF] Park | The Importance of Confined Sulfur Nanodomains and Adjoining Electron Conductive Pathways in Subreaction Regimes of Li-S Batteries[END_REF], improve the binding energy between PSs and sulfur host materials. As graphene and its derivatives are compatible with other materials, new properties can be developed in a composite to further meet the prerequisites. An interesting example can be designing a composite of GO, and Carbon Nano Tube (CNT) to increase the conductivity of the composite including GO/CNT/S [START_REF] Zhou | A Flexible Sulfur-Graphene-Polypropylene Separator Integrated Electrode for Advanced Li-S Batteries[END_REF], or maximizing the electrical conductivity and mechanical robustness by acquiring defect free graphene and using it with metal compounds to overcome shuttle effect challenge due to strong interaction of metal compounds with PSs [START_REF] Ding | Facile Solid-State Growth of 3D Well-Interconnected Nitrogen-Rich Carbon Nanotube-Graphene Hybrid Architectures for Lithium-Sulfur Batteries[END_REF][START_REF] Tang | Nitrogen-Doped Aligned Carbon Nanotube/Graphene Sandwiches: Facile Catalytic Growth on Bifunctional Natural Catalysts and Their Applications as Scaffolds for High-Rate Lithium-Sulfur Batteries[END_REF].

Graphene, due to possessing high surface area, excellent mechanical stability, and electronic conductivity, can effectively improve the sulfur electrode performance by addressing Li-S issues (low electronic conductivity, and volume change). However, to effectively confine PSs, more advanced composites with other compounds need to be developed.

1-5-2. Porous Carbon

As previously mentioned, the presence of porosities (including micro, meso, macro porosities), could (i) buffer the volume change during the lithiation/delithiation, (ii) facilitate the electrolyte infiltration in the bulk of the sulfur electrode and (iii) physically trap the PSs inside the sulfur electrode [START_REF] Li | Three-dimensional porous carbon composites containing high sulfur nanoparticle content for high-performance lithium-sulfur batteries[END_REF]. These features have considered carbon porous as a possible sulfur host material for Li-S batteries.

As an example, in 2012, a coaxial structure composed of a CNT core and microporous carbon was synthesized by Gao's groups, the author claimed that due to the space confinement imposed by carbon microporosity only short-chain polysulfides molecules were formed (S4-S2 instead of S5-S8), This result, achieved owing to the space confinement imposed by the carbon micropores, the dissolution problem of PSs could indeed very efficiently be addressed [START_REF] Xin | Smaller Sulfur Molecules Promise Better Lithium-Sulfur Batteries[END_REF]. In another study [START_REF] Niu | Sulfur confined in nitrogen-doped microporous carbon used in a carbonate-based electrolyte for long-life, safe lithium-sulfur batteries[END_REF], nitrogen-doped carbon was prepared to confine sulfur. The presence of nitrogen can further increase the retention of PSs by chemisorption. The resulting carbon, from carbonization of polypyrrole in the presence of (NH4)2S2O8, benefiting from the extremely high surface area (1958 m 2 g -1 ) and pores size lower than 0.8 nm delivered a high specific capacity with a sulfur content about 53 wt% (Figure 16). It is known that the high ratio of porosities and large specific surface area can assist to overcome some challenges in Li-S like physical confinement and buffering the volume change. Nevertheless utilizing these types of materials as the sulfur host, especially in low sulfur content, face several issues including; (i) making an electrode with high sulfur mass loading remains a challenge (low tap density) indeed the sulfur mass loading (~1.5 mg cm - 2 ) is unsatisfactory [START_REF] Qin | Electrosprayed multiscale porous carbon microspheres as sulfur hosts for long-life lithium-sulfur batteries[END_REF] and (ii) a high E/S ratio needs to be used to reach high sulfur utilization which might be due the high porosity's volume in the sulfur host. To make porous carbon more effective in terms of LiPSs adsorption heteroatom doping strategy has been frequently used for Li-S application. Among the heteroatoms Nitrogen has been investigated

widely. The role of the N-doped carbon is described as follows;

(i) It mitigates the PSs shuttling (higher polysulfide adsorption ability owing to enhanced surface polarity)

(ii)
The nitrogen-containing species influence PSs adsorption potential of carbon-doped.

For instance, pyridinic and graphitic N-atoms support the immobilization of LiPS due to the free electron pair and electron-rich proximity respectively [START_REF] Fan | Dual Dopamine Derived Polydopamine Coated N-Doped Porous Carbon Spheres as a Sulfur Host for High-Performance Lithium-Sulfur Batteries[END_REF].

(iii) Pyridinic N-atoms also, as active sites, reduce the activation barrier for the Li2S formation [START_REF] Yuan | Facilitation of sulfur evolution reaction by pyridinic nitrogen doped carbon nanoflakes for highly-stable lithium-sulfur batteries[END_REF].

(iv) it was revealed by operando diffraction measurements that polar sites in hierarchical N-doped carbon, ac like seeding points, facilitate the heteronucleation of Li2S on the conductive substrate. [START_REF] Peng | Strongly Coupled Interfaces between a Heterogeneous Carbon Host and a Sulfur-Containing Guest for Highly Stable Lithium-Sulfur Batteries: Mechanistic Insight into Capacity Degradation[END_REF].

The heteroatom incorporated into the carbon framework renders the tunable electronic properties and hence gives rise to heterogeneous interfaces anticipated to significantly improve catalytic activities [START_REF] Wiggins-Camacho | Effect of Nitrogen Concentration on Capacitance, Density of States, Electronic Conductivity, and Morphology of N-Doped Carbon Nanotube Electrodes[END_REF].

Carbon black which is mostly known as the classical sulfur host was used by S. Kaskel's group.

In their study, Ketjenblack EC600JD, with a specific surface area of 1344 m 2 g -1 was impregnated by melamine as the nitrogen precursor followed by heat treatment at different temperatures (500℃ to 800℃) to fabricate the N-doped carbon. A sulfur composite (KB/S) including 60wt% of sulfur was used to prepare the sulfur electrode with sulfur mass loading of 2.6 mg cm -2 by the solvent free-method. As it is reported N-doping is accompanied with a decrease of the surface area due to remaining of the residual of melamine into the carbon porosity. This decrease for the sample treated at 800℃ is the least among all the samples, this sample delivers then the highest discharge capacity, without any difference in sulfur retention for all the N-doped samples. The author's conclusion is simply based on the surface area to explain the difference in delivering discharge capacity (higher surface area higher capacity), and higher retention of the N-doped carbon compare to the pristine one due to enhancement in the polarity of the carbon surface [START_REF] Kensy | Scalable production of nitrogen-doped carbons for multilayer lithium-sulfur battery cells[END_REF]. Manthiram et al. develop (hierarchical macro/mesoporous inverse opal) IOP carbons from resol, ethanol, and formaldehyde solution by using SiO2 monolith as the template (Figure 18). The IOP and N-doped IOP with a specific surface area of 1006 m 2 g -1 and 794 m 2 g -1 respectively, were utilized as the sulfur host materials. These carbon materials are capable of reaching high sulfur mass loading, electrode with of 6 mg cm -2 of sulfur (80 wt% of sulfur in the composite) deliver a capacity of more than 1480 mAh g -1 at C/10 for the first cycle. This report can be considered one of the promising reports in Li-S batteries. It could have been useful for the readers if the Galvanostatic Cycling with Potential Limitation (GCPL), and the E/S values were reported to judge better the behavior of the cell in terms of polarization and curve shape [START_REF] Han | Pyrrolic-Type Nitrogen-Doped Hierarchical Macro/Mesoporous Carbon as a Bifunctional Host for High-Performance Thick Cathodes for Lithium-Sulfur Batteries[END_REF]. By employing N-IOP@S as the positive electrode the stability extended to deliver food electrochemical performance over 300 cycles at 0.1C. 

1-5-3. CNFs and CNTs

Their remarkable electrical conductivity [START_REF] Peng | Nanoarchitectured Graphene/CNT@Porous Carbon with Extraordinary Electrical Conductivity and Interconnected Micro/Mesopores for Lithium-Sulfur Batteries[END_REF] and their ability to reach high areal sulfur loading make the 1D carbon materials (CNFs and CNTs) as a promising candidate to be used as the sulfur host. As the ability of physical confinement by these materials is minimized, different procedures have been applied to make them more suitable for Li-S application. For example, Yuan and his coworkers [START_REF] Yuan | Hierarchical Free-Standing Carbon-Nanotube Paper Electrodes with Ultrahigh Sulfur-Loading for Lithium-Sulfur Batteries[END_REF], combined short multiwall CNTs (as the sulfur host and the conductive binder), and super long CNTs (as the intercrossing binders) to develop a hierarchal freestanding (Figure 18) with the areal sulfur loading of 6 mg cm -2 . The freestanding sulfur cathode delivers the discharge capacity of 995 mAh g -1 which corresponds to 60% of the theoretical capacity at C/20 and the stability over 160 cycles.

Figure 18. The graphical of the synthesis procedure of free-standing sulfur electrode [START_REF] Yuan | Hierarchical Free-Standing Carbon-Nanotube Paper Electrodes with Ultrahigh Sulfur-Loading for Lithium-Sulfur Batteries[END_REF].

The manufacture of CNFs from polymers brings the opportunity to synthesize and develop new composites and shape them into fibers of different sizes without agglomeration to reach a high surface area. Deng et al [START_REF] Yuan | Hierarchical Free-Standing Carbon-Nanotube Paper Electrodes with Ultrahigh Sulfur-Loading for Lithium-Sulfur Batteries[END_REF]. performed a binder-free film containing sulfurized polyacrylonitrile with a conductive backbone of CNTs followed by vulcanization to be used as the sulfur electrode in the Li-S system. Due to the synergetic effect of co-spun sulfur/carbon, creating materials porosity, and conductive pathway in the electrode, the cell delivered the ultra-high discharge capacity of 1610 mAh g -1 at 0.2 C. Although promising discharge capacity was reported for this material, however, the low S mass loading of ~1 mg cm -2 was used.

1-5-4. Novel Cathodes

To enhance the interaction between the sulfur host and PSs and improve the cyclic stability, host materials with polar functional groups or including polar compounds are promising in terms of anchoring PSs owing to strong chemical interaction. Numerous metal compounds including metal oxides, metal sulfides, hydroxides, nitrides, and carbides have been evaluated as the sulfur host materials in the sulfur electrode. in this section, different types of polar materials which has been used so far will be introduced and evaluated.

1-5-4-1. Metal Oxides

The metal-oxygen bonds in metal oxide with high polarity are suitable for entrapping the polar polysulfides. L. Nazar et al. report that 𝛿𝑀𝑛𝑂 2 , by transforming PSs to thiosulfate and polythionate species, is capable of suppressing the shuttle effect owing to the formation of an intermediate [START_REF] Liang | A highly efficient polysulfide mediator for lithium-sulfur batteries[END_REF]. Cao et al. [START_REF] Cao | Encapsulating sulfur in δ-MnO2 at room temperature for Li-S battery cathode[END_REF] made 𝛿𝑀𝑛𝑂 2 from KMnO4 reduction by using a polydopamine shell. Although poor sulfur utilization and discharge capacity were obtained (760 mAh g -1 ), probably due to the low electronic conductivity of the host materials, however promising cycle stability was acquired due to the formation of thiosulfate and polythionate from LiPSs [START_REF] Cao | Encapsulating sulfur in δ-MnO2 at room temperature for Li-S battery cathode[END_REF]. For these types of host materials in order to maximize the PSs anchoring and sulfur utilization, an ultimate connection between PSs-MOx to the conductive matrix must be provided, therefore the rational design of polar materials can play an important role.

For example, a composite of nanowire Polypyrrole (PPy)-MnO2 including 5wt% of MnO2

shows high stability and reversible capacity [START_REF] Zhang | In Situ Reactive Synthesis of Polypyrrole-MnO2 Coaxial Nanotubes as Sulfur Hosts for High-Performance Lithium-Sulfur Battery[END_REF]. In order to enhance the electrical conductivity of the sulfur electrode including metal compounds, making a composite of carbon materials and metal oxides can be useful to simultaneously benefit from the chemisorption of the polar agents and of high electrical conductivity of the carbon materials.

Considering this, the S@C@MnO2 dual core-shell structure, was design and synthesized by

Ni et al. 106 The dual-core shell structure was capable of chemically entrapping PSs by its outer polar shell, while the carbon interlayer can provide enough electrical conductivity for the inner sulfur active materials. High sulfur utilization at 0.1C of more than 80% and excellent rate capability were delivered by the sulfur electrode using these structures as the host materials [START_REF] Ni | Dual Core-Shell-Structured S@C@MnO2 Nanocomposite for Highly Stable Lithium-Sulfur Batteries[END_REF](Figure 19).

Figure 19. The schematic of S@C@MnO2 dual core shell synthesis procedure and high stability over 1000 cycles at high scan rates 3C [START_REF] Ni | Dual Core-Shell-Structured S@C@MnO2 Nanocomposite for Highly Stable Lithium-Sulfur Batteries[END_REF].

TiOx compounds have been widely used by researchers to effectively entrap LiPSs in Li-S batteries. It has been proved that TiO2 in its different polymorphous can improve the cycle stability of Li-S as the sulfur host material. In another study, the ability of TiO in LiPSs adsorption was proved to be higher than TiO2 [START_REF] Seh | Sulphur-TiO2 yolk-shell nanoarchitecture with internal void space for long-cycle lithium-sulphur batteries[END_REF][START_REF] Liu | Nanostructured Metal Oxides and Sulfides for Lithium-Sulfur Batteries[END_REF][START_REF] Sun | Rutile TiO2 Mesocrystals as Sulfur Host for High-Performance Lithium-Sulfur Batteries[END_REF].

Different oxidation states of Vanadium such as (V2O5, VO2, V2O4, V2O3, and V6O13) were widely studied as the sulfur host to mitigate the PSs shuttle in Li-S batteries. For instance, L.

Nazar and co-workers have used V2O5 as the sulfur host and have shown the excellent LiPSs confining ability of this compound. In fact, the VOx materials due to their layered tunnel structure, which provides an efficient diffusion channel for lithium ions during insertion/disinsertion are capable of facilitating Li + diffusion [START_REF] Liang | Tuning Transition Metal Oxide-Sulfur Interactions for Long Life Lithium Sulfur Batteries: The "Goldilocks" Principle[END_REF]. However, the utilization of the above-mentioned oxide will increase the resistance of the cell due to the low electronic conductivity. Chen et al. report growing VO2 on the surface of rGO by simple solvothermal reaction, they claim that this binary sulfur host material is capable of delivering high sulfur utilization and long cycle stability [START_REF] Li | Vanadium dioxide-reduced graphene oxide binary host as an efficient polysulfide plague for highperformance lithium-sulfur batteries[END_REF] . Indeed, by growing this metal oxide on the surface of rGO, they solve the problem of low electrical conductivity of the host materials.

Through the thermal-induced partial decomposition of (NH4)2V4O9 (NVO), a (110) facetdominated VO2 is prepared to form (110) the VO2@NVO hybrid [START_REF] Yu | A (110) Facet-Dominated Vanadium Dioxide Enabling Bidirectional Electrocatalysis for Lithium-Sulfur Batteries[END_REF]. The authors report that VO2@NVO hybrid is capable of catalyzing the Li2S formation by breaking the S-S bonds in the reduction process and also reducing the delithiation barrier of Li2S to promote the oxidation process. The above hybrid is loaded on conductive carbon nanofibers (CNF) which ensure fast electron transfer. The assembled battery with the above interlayer exhibits a high capacity of 1038 mAh g -1 after 300 cycles at 0.1 C (capacity retention: 70%). Although the high sulfur mass loading of 10 mg cm -2 is reported, however, these materials suffer from poor sulfur utilization by delivering a low areal capacity [START_REF] Yu | A (110) Facet-Dominated Vanadium Dioxide Enabling Bidirectional Electrocatalysis for Lithium-Sulfur Batteries[END_REF].

Indeed, metal oxides are widely employed by researchers specifically due to their high affinity toward PSs, however, the main drawback of these materials comes from their low electrical conductivity which limits their ability in sulfur utilization especially in the high sulfur mass loading to address this issue, the chosen metal oxide must have at least two prerequisites: (i) strong binding energy between the metal oxides and the polysulfide species and ii) a high surface area or high order of well-dispersed porosity to enhance the chemisorption.

1-5-4-2. Metal Sulfides

Metal sulfides as an alternative to their counterpart oxides provide higher electrical conductivity nevertheless the binding energy between these materials and sulfur species is lower. Different metal sulfides such as CoSx [START_REF] Yuan | Powering Lithium-Sulfur Battery Performance by Propelling Polysulfide Redox at Sulfiphilic Hosts[END_REF], NiSx [START_REF] Ye | A 3D Hybrid of Chemically Coupled Nickel Sulfide and Hollow Carbon Spheres for High Performance Lithium-Sulfur Batteries[END_REF], ZnS [START_REF] Xu | Promoting lithium polysulfide/sulfide redox kinetics by the catalyzing of zinc sulfide for high performance lithium-sulfur battery[END_REF], WS2 [START_REF] Lei | Multi-Functional Layered WS2 Nanosheets for Enhancing the Performance of Lithium-Sulfur Batteries[END_REF], VS2 [START_REF] Cheng | Elastic Sandwich-Type rGO-VS2/S Composites with High Tap Density: Structural and Chemical Cooperativity Enabling Lithium-Sulfur Batteries with High Energy Density[END_REF], and MoS2 have been studied in Li-S batteries.

Manthiram [START_REF] Xu | Hollow cobalt sulfide polyhedra-enabled long-life, high areal-capacity lithium-sulfur batteries[END_REF] group reported hollow cobalt sulfide, mixed with sulfur and activated carbon nanofiber to fabricate the ACNF/Co3S4/S paper electrode via a vacuum-filtration method. The fabricated electrode in ultra-high sulfur loading (Figure 20) successfully cycled over 100 cycles at 0.3 C. It is worth mentioning that promising performance can be assigned to the electrode preparation in addition to the effect of the host materials. MoS2 has been widely used as sulfur host materials with different morphology. Is known that optimizing the structure of MoS2 has a great influence on the performance of Li-S batteries. The high tendency of MoS2 toward polysulfides adsorption anchor these species to the sulfur host, Thus, better cycling stability of charge/discharge cycles can be expected.

(Figure 21). It is also found that MoS2 can accelerate the redox reaction kinetics through strong adsorption of LiPSs [START_REF] Yang | Enabling immobilization and conversion of polysulfides through a nitrogen-doped carbon nanotubes/ultrathin MoS2 nanosheet core-shell architecture for lithium-sulfur batteries[END_REF].

Figure 21. The PSs anchoring and conversion processes on the surface of nitrogen-doped carbon@MoS2 (NC@MoS2) [START_REF] Yang | Enabling immobilization and conversion of polysulfides through a nitrogen-doped carbon nanotubes/ultrathin MoS2 nanosheet core-shell architecture for lithium-sulfur batteries[END_REF].

Three main types of MoS2 have been reported, in 1D MoS2-like nanotubes [START_REF] Liu | Application of MoS 2 in the cathode of lithium sulfur batteries[END_REF], 2D MoS2like nanosheets, [START_REF] Zhao | Encapsulation of Few-Layer MoS2 in the Pores of Mesoporous Carbon Hollow Spheres for Lithium-Sulfur Batteries[END_REF], and 3D MoS2 structures like nanoparticles [START_REF] Wang | Enhanced Lithium Storage Performances of Hierarchical Hollow MoS2 Nanoparticles Assembled from Nanosheets[END_REF].

Hollow, free-standing MoS2/Co4S3/C heterojunction was used as a sulfur host, to benefit simultaneously from the adsorption/conversion capability (presence of polar compounds), and also facile electron/ion transport (the N-doped carbon context) [START_REF] Li | Achieving jobsynergistic polysulfides adsorption-conversion within hollow structured MoS2/Co4S3/C heterojunction host for long-life lithium-sulfur batteries[END_REF]. In another report, polypyrrole (PPy)-encapsulated 1T-MoS2 microspheres were designed and utilized as a sulfur host. The fabricated composite could improve the kinetics of PSs conversion benefited form 1T-MoS2 and also polypyrene. The conductive polymer as the conductive agent enhances the electronic conductivity of the composite [START_REF] Wen | PPy-encapsulated hydrangea-type 1T MoS2 microspheres as catalytic sulfur hosts for long-life and high-rate lithium-sulfur batteries[END_REF].

Numerous reports can be found regarding utilizing metal sulfides as sulfur hosts by employing different structures or in composite with conductive agents by focusing on enhancing the LiPSs conversion kinetics or strong polysulfide adsorption. However, most of the fabricated host materials are not scalable and cannot meet the requirements for the practical utilization of Li-S utilization. There are few reports based on the use of these structures in Li-S batteries as sulfur hosts.

Indeed, polar materials and their effects on LiPSs adsorption and their catalytic effect on polysulfide conversion were deeply evaluated. It can be concluded that in order to find the maximum output, high content of the catalyst must be used, which results in decreasing the surface area and reducing the electronic conductivity. Therefore, introducing an alternative catalyst with outstanding electronic conductivity and well-defined active centers would assist to obtain Li-S battery prototype for practical application.

Here, we discuss some of the recent reports on single Fe and Co atoms reported as sulfur hosts in the Li-S batteries. Based on our knowledge the first study of the application of these materials in Li-S was reported in 2018, where Yang and co-workers developed Fe single atoms in porous nitrogen-doped carbon by polymerizing and carbonizing diphenylamine in the presence of phthalocyanine [START_REF] Liu | Atomic Iron Catalysis of Polysulfide Conversion in Lithium-Sulfur Batteries[END_REF]. As the authors claim, high adsorption of polysulfide was achieved for these materials, although there is no report regarding the value of the amount of the adsorbent for 10 mM of polysulfides. However, the polysulfide amount seems to be far low to conclude the effective way for mitigating the shuttle effect. The Fe content is reported to be around 1wt% of the composites based on the XPS data (surface analysis),

without more precise analysis. The electrochemical performance of these materials was evaluated with the sulfur mass loading of 1.3 mg cm -2 , which can be considered too low to have any conclusion regarding the effect of the synthesized host materials on the performance of Li-S batteries. Another study was performed by Wan et al. where they successfully synthesized a Co single atom on the surface of nitrogen rGO, with the Co atoms ratio of 0.77%. Although the Co content is low, promising results were obtained with the sulfur mass loading of 6 mg cm -2 with the sulfur content of 70wt% in the composite.

Although the reported E/S ratio was relatively high (20 mL g -1 ), this promising performance manifests the ability of these materials as a sulfur host in Li-S batteries [START_REF] Wang | Single-Atom Cobalt Supported on Nitrogen-Doped Three-Dimensional Carbon Facilitating Polysulfide Conversion in Lithium-Sulfur Batteries[END_REF]. In another work, Co single atoms with high Co content (15.3 wt%) were synthesized through a salttemplate method and utilized as a sulfur host. Although the Co content compare to the other reports is extremely high, and high sulfur utilization, compared to the carbon without single Co atoms, was delivered (62% vs 37%). The relatively low capacity in the sulfur mass loading of 4.9 mg cm -2 and high E/S (10.4 mL g -1 ) can prove that the carbon context plays a crucial role in the performance [START_REF] Li | Fast conversion and controlled deposition of lithium (poly)sulfides in lithiumsulfur batteries using high-loading cobalt single atoms[END_REF]. Holey Fe, N, cooped graphene (hFeNG) was prepared by Hou and co-workers, with the different coordination of Fe (Fe-N4 and Fe-N2 moiety). The procedure for synthesizing atomic dispersion of Fe in the carbon context without using a chelating agent under Ammonia and then acid leaching in 1 M HCl is controversial. Besides the N1s XPS spectrum shows high ratio of graphitic-N which is not bonded. The sulfur electrode with 5 mg cm -2 mass loading of sulfur, although the first discharge plateau indicates a high S8 utilization (even more than theoretical capacity), the contribution of the second plateau capacity in discharge is low and ended up in a poor total discharge capacity (50%) in the presence of relatively high electrolyte amount (E/S=10 mL g -1 ) [START_REF] Wang | Manipulation of Edge-Site Fe-N2 Moiety on Holey Fe, N Codoped Graphene to Promote the Cycle Stability and Rate Capacity of Li-S Batteries[END_REF]. Sun et al. made 6.3 wt% of Fe single atoms as the Fe-N4 moiety. This high Fe content is very promising in comparison with other reports. To fabricate this structure with high Fe content, a pyrolysis of dicyandiamide and FeCl3.H2O was performed at 550℃ under argon using NH4Cl as the ammonia source (3DFeSA-CN). In most of the reports, these structures were performed by pyrolysis at higher than 900℃. The high Fe content obtained here might be due to the pyrolysis at a relatively low temperature. After being impregnated with sulfur, the 3DFeSA-CN was used to fabricate the electrode with a sulfur mass loading of 5.7 mg cm -2 . A promising capacity (64%) in a reasonable E/S ratio (7.35 mL g -1 ) was obtained with the stability of around 50 cycles in a pouch cell configuration [START_REF] Ding | Enhanced Dual-Directional Sulfur Redox via a Biotemplated Single-Atomic Fe-N2 Mediator Promises Durable Li-S Batteries[END_REF]. In fact, all of these studies, performed polysulfide adsorption, with a low amount of polysulfides which cannot represent the real condition (high sulfur amount and loading). Therefore, the high retention as they claimed cannot be only due to the LiPSs adsorption of these sulfur host materials and must be found in other parameters. In another report, Chen et al. studied the difference between Fe-N4 moiety and Fe-N2 moiety. They concluded, by using cycling voltammetry experiments, that Fe-N2 moiety significantly increases the conversion of LiPSs and delivers higher sulfur utilization in comparison with Fe-N4 moiety. The DFT calculation prove that Fe-N2 moiety has a higher affinity toward LiPSs adsorption than Fe-N4 moiety. The obtained electrode S-FeN2-NC with the sulfur loading of 5 mg cm -2 and E/S = 5.3 mL g -1 delivers a high discharge capacity of around 1100 mAh g -1 . As shown (Figure 23), the first plateau is close to the theoretical capacity of the material (400 mAh g -1 ), while no explanation regarding the poor contribution of the second plateau in the discharge capacity is given by the authors [START_REF] Wang | Coordinatively Deficient Single-atom Fe-N-C Electrocatalyst with Optimized Electronic Structure for High-performance Lithium-sulfur Batteries[END_REF]. Based on the state-of-the-art, it can be concluded that these types of carbon materials are very promising in terms of high sulfur utilization, and discharge capacity especially in low E/S and high sulfur mass loading However, the cycle stability by using these materials as sulfur host is not sufficiently demonstrated as the poor chemisorption toward PSs for these materials has been reported.

1-5-5. Electroactive Materials

Most of the polar materials which have been used so far as sulfur host are electrochemically inactive and as these compounds take high volume, the volumetric energy density in Li-S drops compare to LiBs. Recently employing dense electroactive sulfur host materials with the capability of contribution in the cell capacity reported to be an effective way to overcome this challenge.

Respecting this fact several compounds have been introduced such as niobium Tungsten oxide [START_REF] Wang | To effectively drive the conversion of sulfur with electroactive niobium tungsten oxide microspheres for lithium-sulfur battery[END_REF], Nickel, Manganese Cobalt (NMC) [START_REF] Wang | Spherical Metal Oxides with High Tap Density as Sulfur Host to Enhance Cathode Volumetric Capacity for Lithium-Sulfur Battery[END_REF] and Mo6S8 [START_REF] Xue | Intercalation-conversion hybrid cathodes enabling Li-S fullcell architectures with jointly superior gravimetric and volumetric energy densities[END_REF]. Many researchers try to use these materials as a free carbon, sulfur host for several reasons: i) enhancing the volumetric energy density of Li-S by introducing new materials with high tap density, ii)

enhancing the polysulfide adsorption and catalytically improve the conversion of PSs and iii) constructing a stable conductive framework to achieve good sulfur utilization and high cycle stability. The early reports claiming an increase of the volumetric energy density of Li-S system are those of Gao et al. They introduced heavy metals lanthanum strontium manganese oxide (La0.8Sr0.2MnO3) as sulfur host material with high theoretical density of 6.5 g cm -3 . They report that, introducing this compound with high tap density can improve effectively the volumetric energy density, the PSs adsorption, and act as an efficient catalyst to improve the PSs conversion. By employing this material, an electrode with ultra-high volumetric energy density of 2727 Wh L -1 was achieved [START_REF] Liu | High Volumetric Energy Density Sulfur Cathode with Heavy and Catalytic Metal Oxide Host for Lithium-Sulfur Battery[END_REF] which is competitive to the Ni-Rich lithium ion cell [START_REF] Bonnick | The Dr Jekyll and Mr Hyde of lithium sulfur batteries[END_REF]. Recently, Ju Li et al [START_REF] Xue | Intercalation-conversion hybrid cathodes enabling Li-S fullcell architectures with jointly superior gravimetric and volumetric energy densities[END_REF]. came up with the idea to use Mo6S8 as a sulfur host and decrease the fraction of inactive materials in the sulfur electrode. The idea of utilizing Mo6S8 is explained by several facts including (Figure24): i) The Chevrelphase Mo6S8 is capable of contributing with its capacity in the ether-based electrolyte within the voltage window (between 1.70 to 2.80 V vs Li/Li + , 4𝐿𝑖 + + 4𝑒 -+ 𝑀𝑜 6 𝑆 8 ↔ 𝐿𝑖 4 𝑀𝑜 6 𝑆 8 ). ii) as this reaction is intercalative benefited from high kinetic due to the high polaron of (𝑀𝑜 3+ ↔ 𝑀𝑜 2+ ) in 𝐿𝑖 𝑋 𝑀𝑜 6 𝑆 8 .iii) high theoretically tap density of Mo6S8 (5.04 g cm -3 ) compare to S8 (2.07 g cm -3 ) resulted in high volumetric energy density of (1400 Wh L -1 ) and iv) suppressing the shuttle effect due to the high affinity of PSs toward Mo6S8.

Figure 24. The schematic explanation of using Mo6S8 as the sulfur host in Li-S batteries, benefiting from intercalation-conversion capacity [START_REF] Xue | Intercalation-conversion hybrid cathodes enabling Li-S fullcell architectures with jointly superior gravimetric and volumetric energy densities[END_REF].

The electrode employing 6.2 mg cm -2 of S8 + 6.1 mg cm -2 of Mo6S8 at the lean electrolyte (2.4 mL g -1 ) delivered a high areal capacity of 8 mAh cm -2 and high cycle stability over 100 cycles.

The contribution of Mo6S8 in the capacity compare to S8 is negligible. The idea of using electroactive host materials can be promising to enhance the volumetric energy density of the Li-S system, however, increasing the sulfur content can be a better option to decrease the fraction of inactive carbon in the electrode.

1-6. Negative electrode

In contrast to the significant progress achieved for the positive electrode materials of Li-S batteries, this development cannot be found for the negative electrode materials. In general, metallic lithium is the commonly used negative electrode for Li-S batteries due to its high specific capacity of 3860 mA h g -1 , and low potential of -3.04 V vs standard hydrogen electrode (SHE). Unluckily, employing lithium metal as the negative electrode suffers from critical problems, poor coulombic efficiency due to the shuttle phenomenon and, high reactivity of Li with most electrolytes, leading to the generation of a passivating layer (SEI) on the surface.

During cycling, the nonuniform deposition of the lithium on the electrode results in the formation of lithium dendrites, short circuits, and serious safety hazards such as explosion or firing [START_REF] Liu | Pathways for practical high-energy longcycling lithium metal batteries[END_REF][START_REF] Albertus | Status and challenges in enabling the lithium metal electrode for high-energy and low-cost rechargeable batteries[END_REF].

Several procedures to protect the lithium metals have been reported which we pass only by mentioning them as this thesis focus on the sulfur electrode several strategies such as:

1) apply a protective layer on the surface of the Li metal such as (Li3N) [START_REF] Ma | A lithium anode protection guided highly-stable lithium-sulfur battery[END_REF].

2) insert a functionalized interlayer between both electrodes [START_REF] Su | Lithium-sulphur batteries with a microporous carbon paper as a bifunctional interlayer[END_REF].

3) and use an electrolyte additive (LiNO3).

The dendrite issue in Li-S due to the higher theoretical capacity of sulfur is more severe than LIBs, therefore industrial application of Li-S is tied with progress in Li electrode.

1-7. Cell Type and Battery Assembly

The cell type can significantly affect the performance of Li-S batteries especially for practical utilization by impacting gravimetric energy density. Two types of cells are mostly used for Li-S systems; coin cells type in the research lab-scales and pouch cells type which is used mostly for practical applications. Keep in mind that the calculated energy density for these two types of cells is significantly different. Figure 25 shows the calculated mass and volume distributions of the different components in pouch and coin cells in Li-S battery. Obviously, to reach high volumetric and gravimetric energy densities, the pouch cell is a favorable configuration. Due to its optimized design, which facilitates working with lower E/S compare to the coin cell-type, better performances in terms of cycle stability can be archived.

1-8. Conclusion

As aforementioned much research has been performed on a different aspect of Li-S batteries (electrode, electrolyte, separator, etc.), nevertheless the Li-S technology is far below commercialization. The essential metrics for designing a Li-S battery for practical application can be summarized in (Table 5). 

S Utilization > 66%

Respecting the state-of-the-art of the Li-S batteries, several prerequisites for the sulfur host materials have been reported: such as i) high surface area, ii) high chemisorption toward PSs, or iii) catalytic effect.

In this thesis, four different families of host materials with different features were prepared and electrochemically tested. 3) Co-doped reduced Graphene Oxide with single atoms (Co,Fe) and Nitrogen.

Herein, the single atoms of CoNC/G and FeNC/G in the same carbon context were synthesized, by chelating the metal atoms with the nitrogen precursor followed by a pyrolysis step at 900℃.

The effect of the catalytic behavior of Co and Fe single atoms on the Li-S performance was examined (Chapter 4).

4) A composite of Vanadium, Manganese binary oxides on the surface of reduced

Graphene Oxide.

In this part, different percentages of polar materials including vanadium and Manganese oxides in composite with rGO were synthesized by hydrothermal method followed by calcination at 550℃ under an N2 atmosphere. The effect of the polar compound's percentage on Li-S performance was evaluated (Chapter 5).

2-1. Introduction

Lithium Sulfur battery (Li-S) is considered an attractive electrochemical system, owing to its high theoretical capacity (1675 mAh g -1 ), high theoretical gravimetric energy density (E= 2600

Wh kg -1 ), low cost, and environmental friendliness of sulfur. Nevertheless, There are several drawbacks to overcome, for instance (i) low electronic conductivity of sulfur (S8), and its discharge products (Li2S2, Li2S), (ii) sluggish kinetic reaction, especially in the low electrolyte to the sulfur ratio (E/S < 4 mL g -1 ), and (iii) the fast capacity degradation and poor coulombic efficiency due to the severe shuttle effect of soluble lithium polysulfides (LiPSs) [START_REF] Seh | Designing high-energy lithium-sulfur batteries[END_REF][START_REF] Manthiram | yongzhu fu, yu-sheng su, Challenges and Prospects of Lithium-Sulfur Batteries[END_REF][START_REF] He | A review on the status and challenges of electrocatalysts in lithium-sulfur batteries[END_REF][156].

Enhancing the electrochemical behavior of Li-S battery by effectively solving the abovementioned problems can bridge the gap between theory and practice in Li-S systems. The classic sulfur electrode consists of high surface area carbon mixed with sulfur. Among the carbon materials, Ketjenblack (KB) possess extremely high surface area and high electronic conductivity, it can be a good candidate for sulfur impregnation as already mentioned. There are several reports on utilizing KB for Li-S application 5-9 . In these articles some issues are reported such as i) incapability of reaching high S loading, ii) low mechanical stability of the C@S electrode fabricated by the conventional wet method, iii) low interaction with LiPSs due to the nonpolar nature of carbon which, additionally, is very hard to be modified for increasing the surface polarity, and iv) demanding high electrolyte ratio to support the satisfactory ionic conductivity. To address these issues, the impregnation of sulfur into a carbon structure incorporating catalytic sites could be a solution [START_REF] Viet Phuongnguyen | Porous carbon textile decorated with VC/V2O3-X hybrid nanoparticles: Dual-functional host for flexible Li-S full batteries[END_REF][START_REF]Nanoporous Cobalt-Nitrogen-Carbon Catalyst-Based Multifunctional Interlayer for Enhanced Li-S Battery Performance[END_REF][START_REF]kimin park, gil bumjin, alan jiwan yun, cho jaemin, jinhyun Kim, byungwoo park, Mixed-Valence iron phosphate as an effective catalytic host for the High-Rate Lithium-Sulfur battery[END_REF]. So far, many metal oxides [START_REF] Liu | High Volumetric Energy Density Sulfur Cathode with Heavy and Catalytic Metal Oxide Host for Lithium-Sulfur Battery[END_REF][START_REF] Li | Vanadium dioxide-reduced graphene oxide binary host as an efficient polysulfide plague for highperformance lithium-sulfur batteries[END_REF], sulfides [START_REF] Chai | MoS2 nanosheets/graphitized porous carbon nanofiber composite: A dual-functional host for high-performance lithiumesulfur batteries[END_REF][START_REF] Cai | Selfassembled CdS quantum dots in carbon nanotubes: induced polysulfide trapping and redox kinetics enhancement for improved lithium-sulfur battery performance[END_REF], and nitrides [START_REF] Chao Ye | Heterostructure To Regulate Polysulfides for Highly Efficient Lithium-Sulfur Batteries[END_REF] have been introduced to ensure the fast conversion of LiPSs. An ideal sulfur host material must have (i) high catalytic activity versus the conversion of both the liquid and solid LiPSs in the reduction and oxidation processes [START_REF] Wan | Bidirectional Catalysts for Liquid-Solid Redox Conversion in Lithium-Sulfur Batteries[END_REF],

(ii) high electronic conductivity to facilitate electron transfer, (iii) sufficient chemisorption toward PSs and (iv) efficient ionic pathway. Most of the reported catalyst-based host material could not meet all the prerequisites, which lead to the loss of active materials, incomplete reduction, and catalyst passivation by LiPSs.

Recently, carbon doped with nitrogen and iron materials (FeNC) as catalyst manifests promising performance to replace the precious metals for adsorption and reduction of O2 in ORR systems [START_REF] Li | Fe Isolated Single Atoms on S, N Codoped Carbon by Copolymer Pyrolysis Strategy for Highly Efficient Oxygen Reduction Reaction[END_REF]. Due to the similar chemical behavior of oxygen and sulfur species, it can be supposed that this family of catalysts can exhibit good performance in the Li-S system. It is already investigated that doping carbon with an enhanced the LiPSs chemisorption compare to conventional (C@S), however, this kind of adsorption is limited (relatively low binding energy between N and Li2S6) [START_REF] Li | Fast conversion and controlled deposition of lithium (poly)sulfides in lithiumsulfur batteries using high-loading cobalt single atoms[END_REF]. FeNC materials obtained by pyrolysis, often induce the formation of a mixture of structures including N-doped carbon, Fe-Nx moieties, Fe3C, Fe particles, etc [START_REF] Ngoc Huan | Electrochemical Reduction of CO2 Catalyzed by Fe-N-C Materials: A Structure-Selectivity Study[END_REF]. Most of these species were separately investigated either their chemisorption alone or their chemisorption and catalytic activity for the conversion of LiPSs [START_REF] Wang | Manipulation of Edge-Site Fe-N2 Moiety on Holey Fe, N Codoped Graphene to Promote the Cycle Stability and Rate Capacity of Li-S Batteries[END_REF][START_REF] Wang | Polar and conductive iron carbide@N-doped porous carbon nanosheets as a sulfur host for high performance lithium sulfur batteries[END_REF]. It was revealed that FeN2-Li2S6 and FeN4-Li2S6 bonds with the binding energy of Eb= -1.794, and -1.352 eV, respectively can strongly anchor soluble LiPSs and suppress the shuttle effect [START_REF] Wang | Coordinatively Deficient Single-atom Fe-N-C Electrocatalyst with Optimized Electronic Structure for High-performance Lithium-sulfur Batteries[END_REF]. It is also shown that the energy barrier of the decomposition of Li2S on the Fe-N2 structures is around two times lower than with simple N-doped carbon [START_REF] Wang | Manipulation of Edge-Site Fe-N2 Moiety on Holey Fe, N Codoped Graphene to Promote the Cycle Stability and Rate Capacity of Li-S Batteries[END_REF]. These results reinforce our choice to use the FeNC catalyst as the sulfur host to improve the kinetic of LiPSs conversion in the Li-S cell.

In this work, the FeNC catalyst was chosen as sulfur host materials to benefit from several properties: 1) excellent electrical conductivity of this class of materials [START_REF] Sun | Highly efficient and sustainable nonprecious-metal Fe-N-C electrocatalysts for the oxygen reduction reaction[END_REF]. 2) the efficient chemisorption toward LiPSs (presence of many N and Fe-related species in the host material) [START_REF] Lai | Metal-Organic-Framework-Derived Fe-N/C Electrocatalyst with Five-Coordinated Fe-Nx Sites for Advanced Oxygen Reduction in Acid Media[END_REF]. 3) the catalytic activity of the different iron-based structures Fe particles, FeN4 moieties, etc. 4) a good FeNC platform [START_REF] Zhang | Single Atomic Iron Catalysts for Oxygen Reduction in Acidic Media: Particle Size Control and Thermal Activation[END_REF] to effectively confine sulfur by employing a 3D ordered crystal frameworks (ZIF-8) with a rich interconnect micro/mesopores carbon structure with high surface area.

Accordingly, the FeNC catalyst fabricated by pyrolysis at 1050℃ under Ar to evaluate its performance for Li-S system. At first, the catalytic effect of the FeNC catalyst was investigated in a three-electrode system in a dilute solution of LiPSs. It was shown that the FeNC catalyst compare to KB significantly improve the kinetics of LiPSs conversion reaction. In the next step the catalyst was impregnated by sulfur and used as the positive electrode for Li-S battery. High sulfur utilization, and promising cycle stability were obtained for the sulfur electrode with high S loading under lean electrolyte condition.

2-2. Material Preparations

2-2-1. FeNC preparation:

The FeNC catalyst was synthesized using the sacrificial metal-organic framework approach composed of Fe II acetate, 1,10-phenanthroline and a Zn II zeolitic imidazolate framework (ZIF-8) in a 1:20:80 mass ratio. The catalyst precursor was obtained from dry milling of the different precursors then heat treatment at 1050 °C for 1 H in Ar [START_REF] Choi | Minimizing Operando Demetallation of Fe-N-C Electrocatalysts in Acidic Medium[END_REF]. This catalyst has Fe content of ca. 1.0 wt % after the pyrolysis.

2-2-2. FeNC@S preparation:

FeNC was mixed with 64 wt% of Sulfur (Alfa Aesar A7558) to form a homogeneous powder which was transferred to a Buchi Glass oven (B-5850) operated at 160℃ under N2 to complete sulfur impregnation for 2 h.

2-2-3. Preparation of Lithium Polysulfides (Li2S6)

A mixture of a stoichiometric amount of lithium metal and sulfur (S8) in 1,3-dioxolane (DOL anhydrous, 99.8%, Aldrich) and 1,2-dimethoxyethane (DME, Alfa Aesar) (v/v = 1:1) was prepared and stirred vigorously during 24 h at room temperature, to give 0.1 molar of Li2S6 solution.

2-2-4. Electrochemical Measurements

2-2-5. Catalytic effect evaluation

In order to evaluate the catalytic effect of FeNC on the LiPSs conversion, a homogeneous ink was obtained by mixing FeNC powder and polyvinylidene fluoride (PVDF, Solvay Solef 6020/1001) (9:1) in N-methyl-2-pyrrolidone (NMP, AcroSeal CAS 872-50-4) followed by stirring for 24 h. The viscous ink was cast on a platinum electrode (2 mm in diameter). A threeelectrodes system, including Li metal as the reference and counter electrodes and the casted electrode as the working electrode in 10 mM of Li2S6 and 1M LiTFSI, was used to characterize the FeNC catalytic properties by cyclic voltammetry. The KB (EC-600JD) was used as a reference for the evaluation of the catalytic effect and absorption properties.

2-2-6. Electrode formulation and characterization

By utilizing the FeNC catalyst, the crack-free and high areal-loading electrodes were obtained, (Figure 26 A & B). A slurry was made by mixing 80wt% of the FeNC@S with 10wt% of PVDF, as the binder, and 10wt% of the conducting agent Super P© (TIMCAL Super C65). The obtained slurry was doctor-bladed onto a carbon-coated Al foil (MSE Supplies) and dried at 40 °C overnight. Finally, all the electrodes were cut into round discs (12 mm). For the electrodes fabricated by the FeNC@S composite a homogeneous electrode with minimum of cracks were observed (Figure 26).

CR2032-type coin cells were assembled using the FeNC@S electrodes as the positive electrode and Li metal as the negative one in an Ar-filled glove box. The electrolyte was 1M LiTFSI in a DOL-DME mixture (1:1, v/v) with 0.2 M LiNO3. The E/S ratio is calculated by the electrolyte volume over the sulfur mass loading. The electrochemical performance of the cells was measured by galvanostatic charge and discharge and cyclic voltammetry within the voltage window of 1.60 -3.0 V vs Li + /Li at various current densities/scan rates using a VMP300 from Biologic.

2-3. Result and Discussion:

The FeNC used as sulfur host material was synthesized using a Zn-based zeolitic imidazolate framework (ZIF-8) 17 . The sample is composed of 3wt% Fe, including ɑ-Fe and γ-Fe crystalline particles and single Fe atoms (Fe-N-C). It was revealed by Mössbauer spectroscopy that more than 90% of the Fe is in FeN4 moieties whereas the rest of Fe is in crystalline derivative structures [START_REF] Choi | Minimizing Operando Demetallation of Fe-N-C Electrocatalysts in Acidic Medium[END_REF]. XPS-N1s spectrum exhibits pyridinic-N, pyrrolic-N, graphitic-N, and oxidized N responses, which should provide sufficient polarity to anchor polar LiPSs into the host materials and improve the cycle stability [START_REF] Choi | Stability of Fe-N-C Catalysts in Acidic Medium Studied by Operando Spectroscopy[END_REF]. Moreover, due to the texture of the carbon substrate (ZIF-8) a high tap-density carbon structure was obtained which help to reach high sulfur loading electrode more easily compare to powdered and amorphous KB. The total surface area of 357 m 2 g -1 of this host material including micropores and small mesopores (2 -4 nm) revealed by BET measurement [START_REF] Choi | Stability of Fe-N-C Catalysts in Acidic Medium Studied by Operando Spectroscopy[END_REF] should provide sufficient surface area for the formation of the high amount of LiS2. 

2-3-1. FeNC behavior versus LiPSs

As LiPSs conversion suffers from sluggish kinetics, the use of a catalyst could enhance the kinetic for different types of conversion. In order to evaluate the performance of the FeNC catalyst for the electrochemical reaction of LiPSs, the kinetic of the first reduction step of a Li2S6 solution was investigated by cyclic voltammetry at different scan rates (10 mV s -1 to 100 mV s -1 ) in a low LiPSs concentrated electrolyte (i.e., 1 M LiTFSI + 10 mM of Li2S6 in DME: DOL). Figures 27 A& B, show the CV at different scan rates for FeNC and KB. The cathodic and anodic peaks are well-defined for FeNC, whereas broad peaks are obtained with KB, which can be related to capacitive behavior due to the large surface area of KB and the low kinetic of the LiPS electrochemical processes. The electron number involved in the reaction, determined by the ferrocene/ferrocenium couple, and the potential of the redox process permitted to assign the reduction electrochemical process to the conversion of S6 2-to S4 2-according to the reaction [START_REF] Barchasz | Lithium/Sulfur Cell Discharge Mechanism: An Original Approach for Intermediate Species Identification[END_REF]:

2𝑆 6 2-+ 2𝑒 -→ 3𝑆 4 2-
Using the Nicolson equation [START_REF] Dan Dragu | cyclic voltammetry simulation using orthogonal collocation: comparison with experimental data and measure the electrochemical rate constant[END_REF], the average constant kinetic equal to k 0 = 7×10 -4 cm s -1 was calculated based on ΔEpeak at different scan rates for the FeNC catalyst. The good value compare to the one obtained with ferrocene/ferrocenium couple, k 0 = 5×10 -3 cm s -1 [START_REF] Dan Dragu | cyclic voltammetry simulation using orthogonal collocation: comparison with experimental data and measure the electrochemical rate constant[END_REF] reaction on the surface of pt electrode, which is well-known as a reversible couple with high electron transfer kinetic. For KB, the kinetics seem to be lower regarding anodic and cathodic shifts of the potential for the reduction and oxidation processes respectively with the scan rate increase (Figure 27 B).

The calculated high kinetic constant shows the promising catalytic properties of the FeNC catalyst for the electrochemical reaction of the Li2S6/Li2S4 couple. This demonstrated feature could be very effective, even though it is worth mentioning that, the complete oxidation/reduction mechanism of polysulfides in a Li-S cell involves several electrochemical processes. The polysulfide adsorption experiment (Figure 27C) was performed by the UV-vis measurement and visual discrimination of the color changes. The specific amount of the host materials (10 mg of KB and FeNC) was added to 2 mL of 3 mM Li2S6 solution (6 mol-1.2 mg of LiPSs). After 2 h, the PSs adsorption can be noticed by a change in the color of LiPSs solution form yellowish to colorless in the presence of the FeNC catalyst. In fact, high surface polarity due to presence of nitrogen, (a polar atom) and Fe, in different structures [START_REF] Andritsos | Single-Atom Catalysts as Promising Cathode Materials for Lithium-Sulfur Batteries[END_REF], cause an strong interaction between the FeNC catalyst and LiPSs (Figure 27C). Whereas the presence of KB has a negligible effect on the color change of LiPSs solution, and no significant reduction in the intensity of the UV-vis peaks located at 260, 280, and 300 nm assigned to the S6 2-species [START_REF] Andritsos | Single-Atom Catalysts as Promising Cathode Materials for Lithium-Sulfur Batteries[END_REF] was observed. Overall, the absorption property is insufficient to effectively mitigate the PSs shuttle effect, indeed with a high amount of sulfur in the host material, the total trapping of LiPSs formed during cycling needs an uptake higher than 400 wt% of LiPSs per weight of host material, which is far for the absorption obtained.

2-3-2. Electrochemical performance

To further investigate the performance of FeNC as a sulfur host material, the electrochemical properties of the FeNC@S composite were investigated (Figure 28 for the first cycle and the 10 th show a capacity fading of about 30% (1 st =886 mAh g -1 ,10 th = 613 mAh g -1 , the discharge/charge capacity~1). This capacity fading might be due to incomplete conversion of sulfur species after the first cycle, and the diffusion of LiPSs far from the electrode as high electrolyte/sulfur ratio is used (E/S=10 mL g -1 ).

The initial charge/discharge profiles of the FeNC@S electrode at different S mass loading and E/S ratio are shown in Figure 28B. For the electrode with a sulfur loading of 3.7 mg cm -2 and E/S=9 mL g -1 , the discharge capacity of 1100 mAh g -1 at C/10, corresponding to 66% of the theoretical capacity, was obtained. The shape of the discharge curve showing that high ratio of the capacity might come from the solid-solid conversion associated with the long second plateau and the sloping part at the end of the discharge. The high capacity obtained at a relatively high C/rate, C/10, suggests the capability of the host material, with high S mass loading, in providing enough pathway for the electrolyte in a thick electrode, which could be related to the interconnected structure formed by the micro/meso pores in the host material [START_REF] Shiraishi | Chapter 27 -Electric Double Layer Capacitors[END_REF] and enough electronic conductivity.

A decrease in the electrolyte amount to E/S=6 mL g -1 , permits to deliver near the same discharge capacity of 1100 mAh g -1 at the first cycle. In such low amount of electrolyte, E/S=6 mL g -1 ,

an increase in the discharge/charge polarization was obtained, which might be due to the high viscosity of the electrolyte in presence of concentrated soluble LiPSs species [START_REF] Zhang | Improved Cyclability of Liquid Electrolyte Lithium/Sulfur Batteries by Optimizing Electrolyte/Sulfur Ratio[END_REF]. Indeed, the presence of poorly soluble medium and short chains LiPSs in such high concentrated solution, as well as the passivation of the electrode due to Li2S2/Li2S precipitation can be further explanations of the cell polarization in low E/S. The initial and 10 th CV curves of FeNC@S electrode at 0.1 mV s -1 (A) the GCPL curves of FeNC@S electrode with the S mass loading of 3 mg.cm -2 (6 mL g -1 ), and 3.7 mg cm -2 (9 mL g -1 ) at C/10 (B).

Independent form the E/S ratio, the full discharge capacity is not obtained, one explanation is the passivation of the carbon by the precipitation of insulating Li2S2/Li2S. This phenomenon can be confirmed by the subsequent charge especially at the beginning of the charge whereas a high overpotential to overcome the Li2S oxidation barrier is needed, this overpotential under lean electrolyte condition is higher compared to the higher E/S ratio (2.35 V vs 2.3 V respectively). However, due to the high surface area of the sample, high capacity can be obtained.

The long-term cycle stability, at C/10, for the FeNC@S electrodes in four different loadings (3.0, 3.7, 3.8 and ~4 mg cm -2 ) in E/S=6 and 9 mL g -1 were carried out (Figure 29 A). The FeNC@S electrode (3.7 mg cm -2 , 9 mL g -1 ) manifests high initial discharge capacity (1100 mAh g -1 ), a significant capacity fading in the following two cycles, follow-up by a moderate loss with an average capacity decay of 0.11% per cycle which permits to reach 720 mAh g -1 over 70 cycles (Figure 29 C). The coulombic efficiency (n discharge/n charge) is close to 100% during the first 40 cycles, decreases monotonically after, which can be related to the degradation of the lithium/electrolyte interphase and the consumption of LiNO3 additive, allowing the implementation, to a small extent, of the redox shuttle. In addition, from about 40 cycles, due to internal short circuits associated with the formation and growth of lithium dendrites, the end of the charge becomes chaotic, resulting in a punctual decrease in the coulombic efficiency (Figure 29 B,D). In higher S mass loading of 3.8 mg cm -2 and the E/S =9 mL g -1 same behaviors including high initial discharge capacity, significant capacity fading, and sever dendrite formation were observed. For the (E/S = 6 mL g -1 ), high performance with interesting stability with 720 mAh g -1 over 90 cycles were obtained for the FeNC@S electrode with S loading of 3 mg cm -2 . Furthermore, no short-circuit can be noticed with a small and continuous decrease of the coulombic efficiency from 100% to 95% for the sulfur loading of 4.0 mg cm -2 . According to the Chazalviel model [START_REF] Rosso | Onset of dendritic growth in lithium/polymer cells[END_REF], dendrite growth is triggered by anion depletion in the vicinity of the negative electrode until the anion concentration drops to zero. The high concentration in LiPSs may prevent anion depletion, which may limit dendrite formation. In addition, the synergic effect of both LiNO3 and LiPSs to mitigate the dendrite formation and growth was reported. Concomitant processes were reported in the literature with the formation of a stable SEI film in presence of LiNO3 and the "etching" of the dendrite by LiPSs in solution [START_REF] Rong | Liquid-Phase Electrochemical Scanning Electron Microscopy for In Situ Investigation of Lithium Dendrite Growth and Dissolution[END_REF].

2-4. Conclusion

It is shown that compare to KB, the FeNC catalyst has several advantages such as kinetically improving the conversion of LiPSs, reaching high S loading, delivering good discharge capacity at relatively high C/rates, and providing excellent retention. In addition, the excess amount of electrolyte not only compromises the cell energy density but also severely affects the cell performance such as capacity stability and dendrite formation.

3-1. Introduction

Despite the overwhelming advantages of Li-S, this system faces several challenges which must be overcome for commercial application. These issues mostly originate from the inherent material characteristics of sulfur such as low electronic conductivity of sulfur and Li2S, large volume changes during sulfur lithiation/delithiation process, and more importantly the presence of active species (LiPSs) soluble in the electrolyte. These challenges limit cyclic stability, cause low coulombic efficiency, positive electrode collapsing, high polarization, and decrease of the battery life time [START_REF] Pang | Advances in lithiumesulfur batteries based on multifunctional cathodes and electrolytes[END_REF][START_REF] Fang | A revolution in electrodes: recent progress in rechargeable lithium-sulfur batteries[END_REF].

Recently, by employing new sulfur host materials [START_REF] Huang | Threedimensional porous graphene aerogel cathode with high sulfur loading and embedded TiO2 nanoparticles for advanced lithium-sulfur batteries[END_REF][START_REF] Xie | Ferroelectric-enhanced polysulfide trapping for lithium-sulfur battery improvement[END_REF], developing new interlayers [START_REF] Kong | Ultrathin MnO2/graphene oxide/carbon nanotube interlayer as efficient polysulfide-trapping shield for high-performance Li-S batteries[END_REF],

and electrolytes [START_REF] Wang | To mitigate self-discharge of lithiumsulfur batteries by optimizing ionic liquid electrolytes[END_REF] as well, important steps have been taken toward the commercialization of Li-S batteries in terms of improving specific capacity and cycle life. In the past decade, various advanced carbon materials have been proposed by researchers as sulfur host materials to increase the positive electrode performance and suppress the shuttle of polysulfides.

Carbonaceous materials such as carbon black [START_REF] Lv | High energy density lithium-sulfur batteries: challenges of thick sulfur cathodes[END_REF][START_REF] Wu | Gluing carbon black and sulfur at nanoscale: a polydopamine-based "nano-binder" for double-shelled sulfur cathodes[END_REF], carbon nanotubes [START_REF] Sun | Sulfur embedded in a mesoporous carbon nanotube network as a binder-free electrode for highperformance lithium-sulfur batteries[END_REF][START_REF] Yan | 3D Ferroconcrete-Like Aminated Carbon Nanotubes Network Anchoring Sulfur for Advanced Lithium-Sulfur Battery[END_REF],

graphene [START_REF] Zhang | Reductionof graphene oxidebyhydrogensulfide: apromisingstrategyforpollutant control andasanelectrodeforLi-S batteries[END_REF][START_REF] Evers | Graphene-envelopedsulfurinaonepotreaction:a cathode withgoodcoulombicefficiency andhighpracticalsulfurcontent[END_REF], heteroatoms doped carbonaceous materials [START_REF] Li | Nitrogen-Doped MOF-Derived Micropores Carbon as Immobilizer for Small Sulfur Molecules as a Cathode for Lithium Sulfur Batteries with Excellent Electrochemical Performance[END_REF][START_REF] Yan | Towards stable lithium-sulfur battery cathodes by combining physical and chemical confinement of polysulfides in core-shell structured nitrogendoped carbons[END_REF][START_REF] Kensy | Scalable production of nitrogen-doped carbons for multilayer lithiumsulfur battery cells[END_REF][START_REF] Du | Efficient synergism of electrocatalysis and physical confinement leading to durable high-power lithium-sulfur batteries[END_REF][START_REF] Han | Pyrrolic-Type Nitrogen-Doped Hierarchical Macro/ Mesoporous Carbon as a Bifunctional Host for High-Performance Thick Cathodes for Lithium-Sulfur Batteries[END_REF], or metal-based structures [START_REF] Wang | Graphene-Like Matrix Composites with Fe2O3 and Co3O4 as Cathode Materials for Lithium-Sulfur Batteries[END_REF][START_REF] Wang | Conductive CoOOH as Carbon-Free Sulfur Immobilizer to Fabricate Sulfur-Based Composite for Lithium-Sulfur Battery[END_REF][START_REF] He | Metal Sulfide-Decorated Carbon Sponge as a Highly Efficient Electrocatalyst and Absorbant for Polysulfide in High-Loading Li2S Batteries[END_REF] have been investigated. Good mechanical stability, and a high ratio of porosity possessed by porous carbons make them interesting for high-performance sulfur electrode. In addition, the porous carbons could facilitate the mass transport throughout the sulfur electrode. More specifically, the micropores permit the electrolyte up taking, as well as confine shorter chains LiPSs effectively. On the other hand, the mesopores act as channels to facilitate mass transport [START_REF] Han | Pyrrolic-Type Nitrogen-Doped Hierarchical Macro/ Mesoporous Carbon as a Bifunctional Host for High-Performance Thick Cathodes for Lithium-Sulfur Batteries[END_REF].

Utilizing Fe-based compounds (single atoms structures, particles, carbides, nitrides, oxides, sulfides, etc.) in the sulfur host materials could enhance the performance of the sulfur electrode in the Li-S battery. In fact, Fe is abundant on the earth's crust, it possesses a high density and exists in several phases. Among the different phases, the iron carbide (Fe3C) presents useful properties as its metal-like structure provides high electronic conductivity and its polar nature strongly binds LiPSs. In addition, due to the tendency of Fe during pyrolysis to form carbide, Fe3C can be easily scaled up.

The desired sulfur host material must possess several characteristics such as (i) excellent electrical conductivity to provide a facile route for electron transport and improve the sulfur utilization, (ii) highly porous with good mechanic stability to buffer the volume change, and prevent electrode pulverization, (iii) enough surface area for sulfur electrochemical reactions especially in the high sulfur content as well as Li2S deposition, (iv) possession of enough polarity to effectively trap LiPSs and mitigate the shuttle effect and the loss of active materials [START_REF] Liu | High Volumetric Energy Density Sulfur Cathode with Heavy and Catalytic Metal Oxide Host for Lithium-Sulfur Battery[END_REF], (v) high tap density to increase the volumetric energy density [START_REF] Wang | Conductive CoOOH as Carbon-Free Sulfur Immobilizer to Fabricate Sulfur-Based Composite for Lithium-Sulfur Battery[END_REF] and (vi) kinetically improve the conversion of LiPSs [START_REF] Yuan | Powering Lithium-Sulfur Battery Performance by Propelling Polysulfide Redox at Sulfiphilic Hosts[END_REF].

Herein, we study the evolution of Fe-based compound composed of high surface area and highly porous carbon, performed at different temperatures with the same carbon precursor.

Melamine as the nitrogen precursor in the presence of Fe II was utilized to synthesize the final compounds. The pyrolysis was performed at different temperatures (650 ℃ to 1000 ℃) to obtain different phases of Fe, starting from particles at low temperatures to carbides at high temperatures. With a treatment at 750 ℃, Fe is in particle form (FePCN), and with treatment at 950 ℃ Fe is in carbide form (Fe3CN). The behavior of these samples toward LiPSs was evaluated and compared in term of adsorption and catalysis behaviors.

The two prepared samples were then impregnated by S to synthesize Fe3CN/S and FePCN/S with different sulfur ratios (60 wt%, 80wt%). Their performance in term of specific capacity and capacity retention were evaluated.

3-2. Experimental Part

hour. After cooling down to room temperature the samples at 750 ℃ and 950 ℃ were chosen to represent the structures of Fe in particle form (FePCN) and carbide form (Fe3CN) and were used as the sulfur host materials.

3-2-3 FePCN@S, Fe3CN@S preparation

The two different synthesized materials were mixed with Sulfur in ratio (2:3) and (1:4), resulting in black and fine composites. The composites were transferred to an oven operated at 160 ℃ to complete sulfur impregnation under N2 gas for 2 hours. The active materials were labeled as Fe3CN@S60, FepCN @S60, and Fe3CN@S80, FepCN@S80 with the sulfur content of 60 wt% and 80 wt% in the host materials, respectively. For comparison, the porous carbon without any modification was impregnated by 64wt% of sulfur to prepare C@S60 using the same protocol.

3-2-4 Evaluation of the host materials on the kinetic of conversion process

In order to examine the effect of synthesized materials on the kinetic reduction and oxidation of LiPSs, FepCN and Fe3CN compounds were mixed with polyvinylidene fluoride, PVDF (9:1).

A viscous ink was made by adding several drops of N-methyl-2-pyrrolidone (NMP) and stirring, the homogeneous ink was cast on the surface of platinum electrode for each material.

A three-electrodes system was used with Li metal as reference and counter electrodes and casted materials on the surface of platinum as the working electrode. The catholyte was 10 mM of Li2S6 in dioxolane (DOL)/dimethoxyethane (DME) (vol, 1:1) + 1M LiTFSI. Cyclic

Voltammetry was performed at different scan rates between 2.0 and 2.8 V vs Li + /Li. By measuring the ΔEp at different scan rates, constant kinetics (k 0 ) by using the Nicholson equation were calculated for the two host materials.

3-2-5 Electrochemical Measurements

Cyclic voltammetry (CV), Galvanostatic discharge/charge (GCPL) measurements were performed in the voltage range of 1.60 to 3.0 V vs Li + /Li. The composites Fe3CN@S60 and FepCN@S60 were mixed with 10 wt% of SuperP as the conductive agent, and 10 wt% of PVDF as the binder. Celgard® 2335 was used as the separator and Li metal as the negative electrode, in a CR2032 coin cell system. The electrolyte consists of 1.0 M LiTFSI and 0.2 M of LiNO3 in DOL and DME (1:1 in vol.). To increase the ratio of the active materials in the positive electrode, Fe3CN@S80 and FepCN@S80 including 64 wt% of S and only 8 wt% of host materials are also made (same ratio of SuperP® and PVDF).

3-3. Results and discussion

3-3-1. Materials Characterization

The porous carbon including micro/mesopores with a high surface area, was impregnated by melamine as the nitrogen precursor and Fe(ac)2, the precursors were treated at different temperatures to dope carbon with N and Fe simultaneously (Scheme1).

Scheme 1. Synthesis of FePCN@S80 and Fe3CN@S80 Melamine was chosen as the nitrogen precursor due to the presence of 6 nitrogen atoms in its structure. Indeed, impregnating the porous carbon with melamine, which releases ammonia gas during the pyrolysis step, increases the defection level inside the carbon backbone and could replace the carbon atoms with nitrogen (carbon N-doped). In addition, the ammonia gas, formed during the pyrolysis, enhances the surface area and the microporosity, which are key factors for sulfur impregnation and act as a strong physical barrier to confine LiPSs in Li-S batteries.

Melamine or other solid nitrogen, used as N-doping precursors, could decrease the surface area of the initial carbon, due to the precipitation of the residual precursor inside the carbon backbone. By programming a specific pyrolysis route and appropriate ratio of nitrogen precursor (20 wt%), the samples with an enhanced surface area were fabricated [START_REF] Kensy | Scalable production of nitrogen-doped carbons for multilayer lithiumsulfur battery cells[END_REF].

The N2 adsorption-desorption isotherms for the two samples, one treated at 750 ℃, FepCN, and one at 950 ℃, Fe3CN, were carried out (Figure 30 A &B). The surface area of the sample, treated at 750 ℃, shows a slight improvement of the surface area with 600 m 2 g -1 (from 570 m 2 g -1 ). The surface area of the pyrolyzed sample at 950 ℃ significantly increases with 744 m 2 g - 1 , which can be explained by the gas released from the melamine decomposition. This release induces pore formation and the transformation of the carbon structure to a more amorphous one. The initial porous carbon and FePCN show the isotherm type IV including micro and mesoporosities while by increasing the temperature to 950 ℃, the Fe3CN demonstrates only a high ratio of microporosity. In fact, the high surface area of micropores in the initial carbon, 425 m 2 g -1 , was reduced to 375 m 2 g -1 after melamine impregnation and treatment at 750 °C, owing to the presence of melamine residual. This value for the sample treated at 950 ℃ enhances to 533 m 2 g -1 , confirming the good pyrolysis temperature for N-doping without compromising the surface area. An increase in the value of the micropores in a higher ratio might be due to the transformation of the mesopores to micropores. The type of porosity in the carbon host materials can significantly affect the Li-S performance, especially under the lean electrolyte condition where the LiPSs formation increases notably the electrolyte viscosity. In fact, the presence of mesoporosity improves the mass transport, therefore lower polarization in lean electrolyte conditions for carbon materials including mesoporous structure is expected.

The pore distribution shown by DFT model confirms the microporosity with the dimension less than 2 nm for the two samples (Figure 30B) while for the FepCN the pore size between 8-32 nm is observed. The modification from crystalline to amorphous carbon can be easily seen by Raman spectroscopy (Figure 31). The intensity of the D bond at 1340 cm -1 shows lower intensity than the peak at 1608 cm -1 correlated to the G bond (ID/IG = 0.77) for FePCN, while Fe3CN manifests higher intensity for the D bond with the ID/IG= 1.18. Indeed, The Raman spectra show that the Fe3CN is more amorphous than FepCN. The FePCN and Fe3CN spectra were deconvoluted into four peaks, including main D1 peak assigned to carbon atoms at the edge of graphene layers with A1g symmetry, around the wavelength of 1338 cm -1 and the peak labeled G around the wavelength of 1603 cm -1 , which corresponds to ideal graphitic lattice vibration with E2g symmetry. D2 with the wavelength of 1534.8 cm -1 may be associated with non-sandwiched graphene layers vibration with the E2g symmetry, or originates from functional groups, molecular fragments or organic molecules in the amorphous carbon. The last peak arising at 1178.6 cm -1 , labeled D4 is related to the stretching vibration of C-C and C=C bonds in polyenelike structures [START_REF] Cuesta | Raman microprobe studies on carbon materials[END_REF][START_REF] Gen | Raman spectra of graphite edge planes[END_REF]. Transmission electronic microscopy was performed to detect the Fe-based structures (Figure 32). It was probed that the Fe atoms of the precursors, in a temperature window of 650 ℃ to 800 ℃ (under N2 atmosphere), tend to aggregate in the particle forms. Therefore, in these conditions, the porous carbon is doped with Fe particles whose size reduces with increasing temperature. After 800 ℃, a carbon shell is formed around Fe particles, carbide-type structure, as it is shown in the TEM images, the thickness of the carbon shell increases with the increase in the temperature. It is expected that the high intrinsic electronic conductivity of the Fe3C structures should enhance the electronic conductivity of the sulfur electrode. The crystalline structure of FePCN and Fe3CN was analyzed by X-ray diffraction, as the weight percentage of Fe in two sample is low in the two samples (around 0.5wt% of Fe based on AAS measurements) crystalline structures cannot be revealed by XRD. Therefore, the two samples show diffractogram including only three bumps associated with amorphous carbon (Figure 33A). Further confirmation to prove the formation of Fe3C structures at 950ºC, was performed by pyrolyzing 2wt% of Fe in the precursor at 950ºC. Further confirmation to prove the formation of Fe3C structures at 950ºC, was performed by pyrolyzing 2wt% of Fe in the precursor at 950ºC. As it is shown in (Figure 33B), the diffractogram confirms the formation of Fe3C at this temperature, therefore based on the TEM and XRD data can be concluded that the Fe exists in the Fe3CN sample is in carbide phase. 

3-3-2. Effect of Fe3CN and FePCN on the conversion of Li2S6

The kinetics of the polysulfide conversion was studied by CV in three electrodes configuration with a low concentration of soluble LiPSs (i.e., 1M LiTFSI, 10 mM of Li2S6 in DME: DOL, 1/1 in vol.). The CV was performed at several scan rates from 10 mV s -1 to 80 mV s -1 for Fe3CN and FePCN (Figure 35 A &B). The cathodic and anodic peaks are well defined and as expected, by increasing the scan rates, negative and positive shifts are observed respectively. The average k 0 around 1.6 × 10 -4 𝑎𝑛𝑑 7.2 × 10 -5 cm 𝑠 -1 were acquired for Fe3CN and FePCN respectively. The higher k 0 obtained for Fe3CN indicates the promising catalytic activity of this host material for LiPSs conversion, which can be attributed to the presence of Fe3C, and the high surface area which can enhance the LiPSs trapping and conversion. However, the k 0 is lower than the one obtained with FeNC (Chapter 2), which could be related to the lower amount of Fe (0.5 wt% in this sample compare to 3wt% for FeNC host material), the difference in Fe structure and the carbon host context. 

3-3-3. Electrochemical performances of the Fe3CN@S and FePCN@S composites

To further study the behavior of Fe3CN and FePCN, the two host materials were impregnated with 60 wt% of sulfur. CV was recorded at different scan rates from 0.1 mV s -1 to 0.5 mV s -1 for Fe3CN@S60 and FepCN@S60 between 1.60 V to 3.0 V vs Li/Li + (Figures 36A &B). The CV of the FepCN@S60 and Fe3CN@S60 electrodes with the same sulfur loading (2 mg cm -2 , E/S=10 mL g -1 ) at several scan rates (0.1 -0.5 mV s -1 ), exhibit the characteristic lithiation/delithiation features of sulfur electrodes. It is observed that with a sufficient amount of electrolyte, no significant difference can be detected between the two materials. Indeed, with the large amount of electrolyte which facilitates the mass transport throughout the sulfur electrode and the high surface area for the electrochemical reactions, S8 can easily be converted to Li2S and vice versa.

Figure 36. CV recorded at different scan rates (0.1 mV s -1 -0.5 mV s -1 ) of (A) FePCN@S60 electrode, (B) Fe3CN@S60 electrode.

Figure 36A shows the galvanostatic discharge/charge curves of FePCN@S60 and Fe3CN@S60 electrodes, with sulfur loading of 3 mg cm -2 with different E/S = 8 and 6 mL g -1 . For E/S= 8 mL g -1 , the Fe3CN@S60, and FePCN@S60 electrodes deliver high discharge capacities around 1200 mAh g -1 i.e. 71% of the theoretical capacity at 0.1C. The discharge curves consist of the first plateau with a capacity of about 250 mAh g -1 ( ~ 67% sulfur utilization) and a long second plateau compare to the state-of-the-art [START_REF] Kim | Atomic Structure Modification of Fe-N-C Catalysts via Morphology Engineering of Graphene for Enhanced Conversion Kinetics of Lithium-Sulfur Batteries[END_REF][START_REF] Li | Vanadium dioxide-reduced graphene oxide binary host as an efficient polysulfide plague for highperformance lithium-sulfur batteries[END_REF]. The observed behavior can be explained by the role of the host materials; indeed, high porosity in the host material demands high E/S ratio to have a good wettability of the electrode and reach high S8 reduction, on the other hand, the high surface area favors the electrodeposition of the solid discharge products (Li2S2, Li2S2).

The discharge curve for Fe3CN@S60 exhibits a more polarized behavior than the FepCN@S60 one. This discharge overpotential which is so-called voltage delayed 26 can be due to the mass transport limitation of the dissolved polysulfides in the viscous electrolyte, related to the absence of mesoporosity in Fe3CN@S60 compare to FepCN@S60. In addition, the discharge curves of the FePCN@S60 and Fe3CN@S60 electrodes consist of several discharge plateaus, instead of only two, which might be due to the confinement of the different chains of LiPSs inside the porosity with dimensions less than 2 nm [START_REF] Xin | Smaller Sulfur Molecules Promise Better Lithium-Sulfur Batteries[END_REF].

In order to highlight the E/S ratio effect on the performance of the two electrodes, Fe3CN@S60 and FePCN@S60 electrodes were assembled with E/S = 6 mL g -1 . It is shown that even with this low amount of electrolyte, high capacity obtained with the two electrodes during the first cycle.

The main effect of the lower E/S ratio can be seen by increasing the polarization during the discharge. This behavior is observed for the two electrodes, but is more detrimental for the Fe3CN@S60 electrode, in accordance with the highest polarization observed previously for E/S = 8 mL g -1 , associated with mass transport limitation. These polarization increases may be related to the highest viscosity of the electrolyte (the same amount of LiPSs in a lower amount of electrolyte) and the presence of poorly soluble LiPSs in such high concentrated solution (1M eq. Li2S4). Indeed, it was reported that the limit of solubility of Li2S8 in conventional DOL/DME is equal to 0.7 M (equivalent to 5.9 M of sulfur) and that shorter LiPSs are less soluble [START_REF] Pan | On the Way Toward Understanding Solution Chemistry of Lithium Polysulfides for High Energy Li-S Redox Flow Batteries[END_REF].

Even if the kinetic of the electrochemical reaction is low, the moderate C rate used permits to obtained very high capacity for the first cycle i.e., 1400 mAh g -1 with the Fe3CN@S60 electrode.

The mass transport limitation also could suppress the diffusion of LiPSs out of the positive electrode, therefore the active species remain inside the carbon structure, and leads to high discharge capacity. However, for the cell employing the Fe3CN@S60 electrode at this E/S, following cycles exhibit only the first plateau due to high polarization. On the other hand, the FePCN host material benefit from mesoporosity and lower microporosity volume, therefore under lean electrolyte condition, shows the typical discharge curve consists of two plateaus, without capacity decay, although a large polarization is observed, especially for the second plateau.

Figure 37. (A)

The GCPL curves of the FePCN@S60 and Fe3CN@S60 electrodes at 0.1C in different E/S ratio. (B) long-term stability of FePCN@S60 and Fe3CN@S60 at 0.1 C, E/S = 8 mL g -1 and of FePCN@S60 at 0.1 C E/S = 6 mL g -1 .

The cycling performance of the Fe3CN@S60 and FepCN@S60 electrodes was examined at a current density of 0.1C (Figure 37 B). The Fe3CN@S60 cathode delivers a good cycling performance with an interesting discharge capacity of ~ 700 mAh g -1 and capacity retention of above 64% after 140 cycles. Concerning the FepCN@S60-based cell, after a gradual fading in the few first cycles, its discharge capacity remains stable with a capacity retention of 63% after 64 cycles. Indeed, no significant difference in terms of capacity retention and coulombic efficiency can be observed with these two host materials at E/S = 8 mL g -1 . Regarding the result obtained under lean electrolyte, E/S = 6 mL g -1 , with FepCN@S60, good capacity retention is also reached with 650 mAh g -1 after 100 cycles. The poor coulombic efficiency (n discharge/n charge) and its decrease during cycling (starting from 100 % to 88 %) observed with the two electrodes could be due to the consumption of LiNO3 and the increase of the lithium surface during cycling inducing unprotected Li metal [START_REF] Zhang | Role of LiNO3 in rechargeable lithium/sulfur battery[END_REF], which is more obvious in low E/S ratio.

The evolutions observed with the Fe3CN@S60 and FepCN@S60 electrodes are similar to the ones observed with the FeNC@S (Chapter 2, figure 29 A), with near the same capacity ~800 mAh g -1 after 60 cycles and a continuum decrease of the coulombic efficiency with cycles. For comparison, porous carbon without any modification was impregnated by sulfur to fabricate the C@S60 electrodes with the S loading of around 3 mg cm -2 . The GCPL curves (Figure 38A)

of the electrodes show that at the E/S= 8 mL g -1 , the C@S60 electrode delivers the discharge capacity of 1230 mAh g -1 at the first cycle including utilization ~ 70% of the active materials.

Low polarization is observed, close to the one obtained with the FePCN@S60 electrode and lower than the Fe3CN@S one which is in good agreement with our previous comments on the mass transport improvement due to the presence of mesoporosity in the host materials. For E/S=6 mL g -1 , as expected, a large polarization is observed on the whole discharge. In addition, the capacity loss during the first cycle is high, with only 800 mA g -1 during the first charge, which may be related to the active species waste, i.e., inactive solid species. The long-term cycling performance of C@S60 carried out at 0.1C in the two E/S ratios exhibit poor cycling stability (50% over 30 cycles at 8 ml g -1 ) compare to the modified electrodes (FepCN@S60, and Fe3CN@S60), which can be attributed to the increase of the polarity of the porous carbon by doping with heteroatoms and Fe structures which can exhibit a catalytic behavior (Figure 38B).

However, even if the capacity is insufficient the electrode works under lean electrolyte (E/S = 6 mL g -1 ).

3-3-4. High Sulfur Content Electrode

Sulfur content in the host materials must be considered as a parameter that directly affects the volumetric energy density. For a sulfur electrode including 60 wt% of sulfur in the host materials, the electrode consists of 52 wt% of inactive material. By increasing the sulfur content fraction, higher overpotential for FePCN@S80 and Fe3CN@S80 electrodes is expected not only due to dropping in the electronic conductivity of the sulfur electrode, but also the carbon porosity and surface area, which are necessary for LiPSs confinement, mass transport, and solid polysulfide precipitation, per g of sulfur decrease.

To evaluate the electrochemical performance of the host materials, CV and GCPL were carried out. The Fe3CN@S80 electrode exhibits two cathodic peaks at 2.28 V and 1.95V vs Li/Li + , and two anodic peaks at 2.40 V and 2.50 V vs Li/Li + for the sulfur loading of 1.9 mg cm -2 , E/S = 15 mL g -1 . The same peaks are observed for the FePCN@S80 electrode in the reduction process at 2.30 V and 2.0 V vs Li/Li + and the oxidation route at 2.35 V and 2.45 V vs Li/Li + (Figure 38 A). The Fe3CN@S80 electrode conveyed high capacity at 0.1mV s -1 (~1200 mA g -1 )

suggesting the high sulfur utilization, in such loading, owing to good confinement of sulfur particles in the conductive carbon, and the accessible surface area delivered by the host materials to precipitate Li2S2/Li2S.

Figure 39. (A)

CV of FepCN@S80 and Fe3CN@S80 at 0.1 mV s -1 , (B) initial GCPL curve of FePCN@S80 and Fe3CN@S80 at 0.1C, (C) second cycle of the GCPL curves of FepCN@S80 and Fe3CN@S80 at 0.1 C, and (D) long-term cycle stability of FepCN@S80 and Fe3CN@S80 at 0.1 C and 0.2 C respectively.

The first and second GCPL curves for the FePCN@S80 and Fe3CN@S80 electrodes at 0.1C are compared (Figures 39 B &C). The initial discharge curve of the FePCN@S80 electrode exhibits severe polarization throughout the whole curves. In contrast with the results obtained for the lower ratio of sulfur, the Fe3CN@S80 electrode shows better performance with a lower polarized curve and the two typical plateaus with high capacity (E/S = 15 mL g -1 ). In the second cycle, better performance was obtained, with lower polarization, for the two host materials. The first cycle induces the reorganization of the sulfur electrode which may improve the accessibility of LiPSs into the electrode and then the electronic conductivity of the electrode.

The shorter second plateau obtained for the FePCN@S80 electrode might be explained by the lower surface area of the FePCN@S80 electrode compare to the Fe3CN@S80, which limits the electrodeposition of Li2S2/Li2S. The stability upon cycling for the two materials was performed and presents in Figure 39D. The Fe3CN@S80 electrode, after activation at 0.1 C, was cycled at 0.2 C over 240 cycles with 67% capacity retention from the 4 th cycle, i.e., 390 mAh g -1 . The long-term performance of the FepCN@S80 electrode was carried out at 0.1C (due to severe polarization and incapability of delivering discharge capacity at higher current, 0.1C was chosen to test the stability). During the initial cycles, the cell exhibits an increase in the discharge capacity from 590 to 660 mAh g -1 , followed by a capacity fading up to 360 mAh g -1 after 100 cycles, and then stabilization of the capacity was observed for 200 cycles. Further investigation was conducted by using Fe3CN@S80 electrode with the S loading of 8.5 mg cm -2 , E/S= 6.3 mL g -1 (Figure 40). In such high S loading, the first GCPL curves show the capacity of the first plateau is consistent with the value obtained for more mild conditions. The total discharge capacity of 750 mAh g -1 was obtained at the first cycle at the C-rate C/50. The capacity is mainly limited by the capacity of the second plateau (37%) which could be in relation to the lack of carbon surface. For the following cycles, a significant capacity decay (mainly in the second plateau) was observed which might be due to the electrode passivation during cycling. 

3-4. Conclusion

In this chapter, the effect of pore size and pore dimension on the performance of the Li-S system was evaluated. In mild conditions (low S content, high E/S ratio), the two host materials permit obtaining the same performance, whatever the porosity amount and surface area. In more severe conditions, under lean electrolyte condition, the highest performance was obtained by using the FepCN@S60 electrode associated with its mesoporosity which is more efficient for mass transport. By increasing the sulfur proportion i.e. 80wt% of S, in a high E/S ratio, the highest capacity is obtained with Fe3CN host material, due to its high surface area. It is also shown that the presence of N-doped carbon and Fe compounds has a significant effect on improving the reaction kinetics.

4-1. Introduction

Owing to the high energy density, high theoretical capacity, and low-cost of elemental Sulfur, Li-S has been considering a promising alternative for LIBs [START_REF] Chen | Cobalt in Nitrogen-Doped Graphene as Single-Atom Catalyst for High-Sulfur Content Lithium-Sulfur Batteries[END_REF][START_REF] Yin | Lithium-sulfur batteries: electrochemistry, materials, and prospects[END_REF]. However, for the practical utilization, some challenges such as i) the poor electronic conductivity of S and its discharge products, ii) the volume expansion during the discharge process, iii) the suppression of lithium polysulfide species' migration (LiPSs), so-called "LiPSs shuttling" effect, and iv) the control of the lithium/electrolyte interface, have to be overcome [START_REF] Manthiram | Challenges and prospects of lithium-sulfur batteries[END_REF].

To address these challenges, by focusing on the positive electrode side, many efforts have been employed to enhance sulfur utilization and improve the cyclability of Li-S. Physical confinement of LiPSs, by benefiting highly porous carbonaceous materials with different types of porosity such as porous carbon [START_REF] Qin | Electrosprayed multiscale porous carbon microspheres as sulfur hosts for longlife lithium-sulfur batteries[END_REF][START_REF] Feng | Assembling Carbon Pores into Carbon Sheets: Rational Design of Three-Dimensional Carbon Networks for a Lithium-Sulfur Battery[END_REF], graphene [START_REF] Seok | Surface-Modified Sulfur Nanorods Immobilized on Radially Assembled Open-Porous Graphene Microspheres for Lithium-Sulfur Batteries[END_REF], carbon nanotube [START_REF] Zhang | Free-Standing Porous Carbon Nanofiber/Carbon Nanotube Film as Sulfur Immobilizer with High Areal Capacity for Lithium-Sulfur Battery[END_REF] or/and chemisorption by employing heteroatoms doped carbon backbones [START_REF] Cheng | Synergetic Pore Structure Optimization and Nitrogen Doping of 3D Porous Graphene for High Performance Lithium Sulfur Battery[END_REF][START_REF] Du | Electrocatalysis of S-doped carbon with weak polysulfide adsorption enhances lithium-sulfur battery performance[END_REF] such as;

nitrogen [START_REF] Chen | Thiourea-Induced N/S Dual-Doped Hierarchical Porous Carbon Nanofibers for High-Performance Lithium-Ion Capacitors[END_REF], sulfur [START_REF] Muya | A novel graphene oxide-wrapped sulfur composites cathode with ultrahigh sulfur content for lithium-sulfur battery[END_REF][START_REF] Du | Electrocatalysis of S-doped carbon with weak polysulfide adsorption enhances lithium-sulfur battery performance[END_REF], oxygen [START_REF] Ji | Graphene Oxide as a Sulfur Immobilizer in High Performance Lithium/Sulfur Cells[END_REF] were involved to mitigate LiPSs diffusion.

Nevertheless, the results are still unsatisfactory, in fact, focusing on only limited heteroatom doping without considering the sluggish reaction kinetics leads to insufficient LiPSs trapping and poor sulfur utilization [START_REF] Yu | A (110) Facet-Dominated Vanadium Dioxide Enabling Bidirectional Electrocatalysis for Lithium-Sulfur Batteries[END_REF]. The reaction kinetics and efficiency dramatically decrease in the low electrolyte to sulfur (E/S) ratio and high sulfur content [START_REF] Yuriy | Polysulfide Shuttle Study in the Li/S Battery System[END_REF][START_REF] Xu | Progress in Mechanistic Understanding and Characterization Techniques of Li-S Batteries[END_REF]. Indeed, these two parameters which ensure the high energy density of the Li-S technology, lead to inevitable LiPSs shuttling, precipitations of large Li2S2/ Li2S particle, and uncompleted Li2S2 to Li2S conversion [START_REF] Yuriy | Polysulfide Shuttle Study in the Li/S Battery System[END_REF][START_REF] Zhang | Heterogeneous/Homogeneous Mediators for High-Energy-Density Lithium-Sulfur Batteries: Progress and Prospects[END_REF]. Introducing novel carbon materials, with relevant properties, could be an efficient way to enhance the Li-S performance by operating Li-S in the lean electrolyte. In recent works, the effect of varieties of catalysts in liquid to solid [START_REF] Wang | Highly Dispersed Cobalt Clusters in Nitrogen-Doped Porous Carbon Enable Multiple Effects for High-Performance Li-S Battery[END_REF][START_REF] Deng | Co4N Nanosheet Assembled Mesoporous Sphere as a Matrix for Ultrahigh Sulfur Content Lithium-Sulfur Batteries[END_REF], solid to solid [START_REF] Yuan | Conductive and Catalytic Triple-Phase Interfaces Enabling Uniform Nucleation in High-Rate Lithium-Sulfur Batteries[END_REF][START_REF] Huang | Regulating the polysulfide redox conversion by iron phosphide nanocrystals for high-rate and ultrastable lithium-sulfur battery[END_REF], solid to liquid [START_REF] Wang | Highly Dispersed Cobalt Clusters in Nitrogen-Doped Porous Carbon Enable Multiple Effects for High-Performance Li-S Battery[END_REF][START_REF] Xi | Enhanced Sulfur Transformation by Multifunctional FeS2/FeS/S Composites for High-Volumetric Capacity Cathodes in Lithium-Sulfur Batteries[END_REF] conversion has been investigated and different compounds like metal oxides [START_REF] Wang | Conductive CoOOH as Carbon-Free Sulfur Immobilizer to Fabricate Sulfur-Based Composite for Lithium-Sulfur Battery[END_REF][START_REF] Wang | Spherical Metal Oxides with High Tap Density as Sulfur Host to Enhance Cathode Volumetric Capacity for Lithium-Sulfur Battery[END_REF][START_REF] Liang | A highly efficient polysulfide mediator for lithium-sulfur batteries[END_REF], metal sulfides [START_REF] Wang | Rational design of Co9S8/CoO heterostructures with well-defined interfaces for lithium sulfur batteries: A study of synergistic adsorption-electrocatalysis function[END_REF][START_REF] He | Metal Sulfide-Decorated Carbon Sponge as a Highly Efficient Electrocatalyst and Absorbant for Polysulfide in High-Loading Li2S Batteries[END_REF],and cobalt nanoparticles [START_REF] Zhang | Cobalt-embedded nitrogen-doped hollow carbon nanorods for synergistically immobilizing the discharge products in lithium-sulfur battery[END_REF][START_REF] Li | A novel synergistic composite with multifunctional effects for high-performance Li-S batteries[END_REF], have been evaluated, however, the performance is still far below for practical utilisations.

Recently, single-atom catalysts based on earth-abundant metals have been introduced and identified as an auspicious alternative to noble metals catalysts like (Ag, Pt, Pd) [START_REF] Morlanés | Simultaneous Reduction of CO2 and Splitting of H2O by a Single Immobilized Cobalt Phthalocyanine Electrocatalyst[END_REF][START_REF] Oh | Graphite-Conjugated Rhenium Catalysts for Carbon Dioxide Reduction[END_REF] for CO2 reduction [START_REF] Ngoc | Electrochemical Reduction of CO2 Catalyzed by Fe-N-C Materials: A Structure-Selectivity Study[END_REF], Oxygen Reduction Reaction (ORR) [START_REF] Mazzucato | Effects of the induced micro-and meso-porosity on the single site density and turn over frequency of Fe-N-C carbon electrodes for the oxygen reduction reaction[END_REF][START_REF] Zhang | Single Atomic Iron Catalysts for Oxygen Reduction in Acidic Media: Particle Size Control and Thermal Activation[END_REF][START_REF] Sun | Highly efficient and sustainable nonprecious-metal Fe-N-C electrocatalysts for the oxygen reduction reaction[END_REF] and hydrogen evolution [START_REF] Fei | Atomic cobalt on nitrogendoped graphene for hydrogen generation[END_REF]. Metal nitrogen carbon (MNC) materials could be a promising sulfur host material for Li-S batteries by affording high electrical conductivity, superior catalytic activity, and high chemisorption toward LiPSs owing to superior activity originates from excellent π-π conjugating electron transfer inside the carbon network and unique symmetric structures [START_REF] Jeong | Excavated Fe-N-C Sites for Enhanced ElectrocatalyticActivity in the Oxygen Reduction Reaction[END_REF].

Herein, single Fe and Co atoms dispersed in N-containing carbon structure supported on graphene framework (FeNC/G, CoNC/G) were proposed as sulfur host materials for Li-S batteries due to several reasons: 1) dope carbon simultaneously with N and M, to improve the chemisorption of LiPSs, 2) use graphene as the carbon context benefitting from high electrical conductivity and mechanical stability, 3) facilitate the sluggish kinetic reaction of LiPSs conversion by introducing an auspicious catalyst, 4) synthesize single atom dispersion of Fe and Co in large scale with an environmentally friendly method, 5) improve Li + diffusion (carried by electrolyte) within the cathode benefit from interconnected channels with high BET surface area.

High-angle annular dark-field (HAADF) imaging in an aberration-corrected scanning electron microscopy (STEM), and Mössbauer was employed to identify the morphology, valence state, and coordination configuration of Fe and Co single-atoms at the atomic level. The catalytic behavior of Fe and Co single atoms toward LiPSs were evaluated by electrochemical study [START_REF] Chen | Cobalt in Nitrogen-Doped Graphene as Single-Atom Catalyst for High-Sulfur Content Lithium-Sulfur Batteries[END_REF][START_REF] Banerjee | Electrocatalytic behavior of transition metal (Ni, Fe, Cr) doped metal oxide nanocomposites for oxygen evolution reaction[END_REF]. In fact, it is indicated that metal single atom electrocatalysts can serve as a promising catalyst for LiPSs conversion. Consequently, FeNC/G@S60 and CoNC/G@S60 were fabricated, and their electrochemical performance was evaluated. It is demonstrated that

4-2-3. Preparation of Lithium Polysulfides (Li2S6)

Lithium metal and sulfur (S8) were added in a stoichiometric ratio in the solvent mixture of 1,3dioxolane (DOL, anhydrous, 99.8%, Aldrich) and 1,2-dimethoxyethane (DME, Alfa Aesar) (v/v = 1:1) followed by vigorous magnetic stirring for 48 h at room temperature to yield a solution of 0.1 molars of Li2S6. 

4-2-5. Cell Assembly and Electrochemical Measurements

Electrodes with different loading were prepared by the following formulation: 80 wt% of MNC/G@S, 10 wt% of SuperP (TIMCAL Super C65), and 10 wt% of PVDF in NMP. The ink was coated onto carbon coated Al current collector and dry at 40℃ overnight. CR2032 coin cells were used to evaluate the electrochemical performance. Celgard®2335 was used as a separator and the electrolyte consists of 1.0 M LiTFSI as well as 0.2 M of LiNO3 in DOL and DME (1:1 in vol.).

4-3. Results and discussion

4-3-1. Material Characterizations

In order to prepare the MNC/G composite with controlled compositions and morphologies, several key points were considered.

First, TPTZ which benefits from several nitrogen functional groups and is soluble in water to chelate the M ions in the structures was chosen. Second, reduced Graphene Oxide (rGO), as a two-dimensional (2D) with a good electronic conductivity affording to shorten the distance for LiPSs with the low kinetic hinderance [START_REF] Yu | Graphene materials for lithium-sulfur batteries[END_REF] as well as high mechanical flexibility was chosen as the carbon support. In addition, the good surface area of the carbon paves the way for high wt% of metals in MNC carbon configuration without agglomeration and formation of unwanted metal derivatives. The high M content could increase the active catalytic sites for LiPSs reduction/oxidation. Third, NaCl was utilized as an inert template, owing to its cubic structure, the freeze-drying of the suspension, by gradual sublimation of the solvent, leads to the formation of packaged assemblies. The packaged structure can enclose the active site into 3D structures and improve the efficiency of the reaction yield by the control of the decomposition of M-TPTZ/G during pyrolysis at 900℃ [START_REF] Guo | Boosting the oxygen reduction activity of a three-dimensional network Co-N-C electrocatalyst via spaceconfined control of nitrogen-doping efficiency and the molecular-level coordination effect[END_REF]. In addition, the NaCl template can be easily eliminated, and permits to obtain of M-TPTZ/G in a good yield. Fourth, programming a pyrolysis route with an efficient heat exposure time to reach a sufficient level of carbonization without a high decomposition degree.

By keeping the Co/TPTZ ratio at 1:3 in the precursor solution, CoNC/G including 8.4 wt% of Co species, was synthesized (determined by Atomic Absorption Spectroscopy (AAS)). Some of the Co atoms can be found in agglomeration. To eliminate these particles, the composite was leached with HCl 0.5M or 1M for several hours, thus the wt% of Co decreases to 6.2 wt% and 4.8 wt%, respectively. It was revealed that washing with 1M HCl effectively eliminates the cobalt particles to obtain an amorphous composite (Figure 41). Regarding the Fe-based composite, as Fe atoms during the pyrolysis step tend to aggregate to form acid resistance structures such as Fe3C, Fe3N, or Fe (CN)6, acquiring high wt% of single Fe atoms in Fe-N-C structures remains a challenge. Therefore, in this work to obtain single atomic dispersion of Fe atoms with higher Fe loading, we used the precursor solution, TPTZ which is able to strongly chelate the Fe atoms and thus limit their motion during pyrolysis. The XRD diffractograms of the FeNC/G (Figure 42) show that with the Fe/TPTZ ratio at 1:3, even with 1M HCl solution acid leaching, the crystalline phase still exists. To reach highly coordinated Fe, in the precursor solution higher ratio of ligand to Fe was used. For the ratio 3:0.75, completely amorphous carbon was obtained (Figure 42). The dissymmetry of the broad peaks could be related to the presence of two amorphous carbon structures, one associated with rGo and the other to the carbon structure obtained by the carbonization of TPTZ. The Fe wt% analyzed by AAS, is around 3 wt%, such a high wt% of Fe in the atomic scale, in comparison with the previous reports [START_REF] Wan | Fe-N-C electrocatalyst with dense active sites and efficient mass transport for high-performance proton exchange membrane fuel cells[END_REF][START_REF] Charreteur | Increasing the activity of Fe/N/C catalysts in PEM fuel cell cathodes using carbon blacks with a high-disordered carbon content[END_REF], prove the high efficiency of our used pyrolysis protocol. Scanning electron microscopy (SEM) was performed, after carbonization and acid washing, to visualize the effect of utilizing and leaching the NaCl cubic template. Figure 43 shows the 3D cage-like carbon structure formed due to the NaCl template. This morphology provides a high surface area for sulfur encapsulation by maximizing the contact between sulfur and catalystenriched carbon. 49C). The difference in the total surface area of the two carbon contexts is negligible as the contribution of the metal species is low. By increasing the wt% of the NaCl to 40wt%, the SA enhance to 334 m 2 g -1 (Figure 49B), proving the effect of NaCl on the surface area without changing in the isotherm type (Type I) and pore size, mainly coming from rGO microporosities with pore sizes of about 2 nm. The host materials with a surface area of 334 m 2 g -1 were utilized for the evaluation of the electrochemical performance. Such a high surface area, including bi-modal pore distribution, microporosity and macroporosity (pore size higher than 50 nm), should enhance the performance of the Li-S system by affording sufficient space for the precipitation of Li2S2, Li2S during discharge, and physically entrapping LiPSs in the sulfur electrode. utilizing the Nicholson equation [START_REF] Dan Dragu | cyclic voltammetry simulation using orthogonal collocation: comparison with experimental data and measure the electrochemical rate constant[END_REF]. The average k 0 = 9.3×10 -4 cm s -1 , and k 0 = 2.7×10 -4 cm s - 1 were calculated for CoNC/G, and FeNC/G respectively. It should be noted that for a reversible process with high electron transfer kinetic, such as the ferrocium/ferrocene couple, the average k 0 value is equal to k 0 = 5 ×10 -3 cm s -1 [START_REF] Dan Dragu | cyclic voltammetry simulation using orthogonal collocation: comparison with experimental data and measure the electrochemical rate constant[END_REF]. In conclusion, the use of Co as a single atom catalyst significantly facilitates the conversion of polysulfides, with a fast kinetic for the redox reaction of long-chain polysulfides. However, the k 0 obtained with Fe as a single-atom catalyst is not so far, demonstrating that FeNC/G could be also a promising catalyst for polysulfides conversion. In order to calculate the electron transfer number during the polysulfide redox reaction, the ferrocium/ferrocene couple was investigated in the same condition at the scan rate of 10 mV s -1 . By comparing the Ip obtained for the ferrocium/ferrocene and polysulfide conversion, the number of electrons for polysulfide conversion, in the limited voltage range of this study, was calculated to be one. This electron number and the potential of the redox process can be assigned to the conversion of S6 as in this step each S6 2-molecule received one electron to be reduce into S4 2- as reported elsewhere [START_REF] Barchasz | International Battery Association Meeting[END_REF]. 

4-3-2-3. Electrochemical performance of the FeNC/G@S and CoNC/G@S composite

To investigate the behavior of the as-prepared CoNC/G and FeNC/G host materials, standard 2032 coin-cells were assembled with CoNC/G@S60 and FeNC/G@S60 electrodes, lithium foil as the negative electrode using 1M LiTFSI and 0.2 M LiNO3 in DOL/DME 1/1 in vol% as electrolyte. The CV plots of FeNC/G@S60 and CoNC/G@S60 at 0.1 mV/s show reversible behavior (Figure 51A) by exhibiting two distinguished cathodic peaks, i.e., 2.25, and 1.90 V vs Li/Li + associated with the conversion of elemental sulfur to high chain polysulfides (Li2Sx, x = 8 to 4) and further reduction of high polysulfide chains to short ones (Li2S2, Li2S) respectively. In the subsequent oxidation scan, two anodic peaks appear at 2.40 and 2.60 V vs Li/Li + attributed to the oxidation of short chains to high chain polysulfides and ultimately reformation of elemental sulfur. Relatively lower lithiation overpotential in the second region of LiPSs conversion (LiPSs to Li2S2/Li2S) was observed for FeNC/G at this scan rate. The CV at higher scan rates (0.2-0.5 mV s -1 ) for the CoNC/G@S60 and FeNC/G@S60 were performed The galvanostatic charge/discharge of the CoNC/G@S FeNC/G@S are presented in Figure 52 A & B. The performance of two CoNC/G@S60 electrodes with the S loading of 4.5 mg cm -2 with two E/S ratios, 8 mL g -1 and 6 mL g -1 , were examined (Figure 52A). At this loading, even with low electrolyte amount, a discharge capacity close to 1100 mAh g -1 (~ 70% of the theoretical capacity) was obtained. Based on the capacity obtained on the first plateau, ~65%

(
of the sulfur was reduced to S6 2-at C/20, indicating that the sulfur particles are only partially well-connected to electronic or ionic pathways. The coherence between the two capacities achieved (same % of the theoretical capacities) suggests that the Li2S formed is mainly limited by the accessibility of the sulfur particles, and that the host material surface area is sufficient for the deposition of insulating Li2S.

The increase of the S loading (7 mg cm -2 and E/S=6 mL g -1 ) induces a weak decrease of the capacity, with a capacity of 900 mAh g -1 (6.3 mAh cm -2 ) confirming the promising performance of the CoNC/G host materials in delivering high sulfur utilization. It is worth mentioning that, the discharge curve for high loading manifests several plateaus, indicating the electrochemical reaction potentials differentiating in high viscous electrolyte due to kinetic limitation.

To examine the effect of FeNC/G host material compare to its Co counter parent in terms of discharge capacity vs sulfur loading, the GCPL curves of the FeNC/G@S60 electrodes were taken with different S mass loadings (Figure 52 B). It was observed that for the electrode with S loading of ~5.5 mg cm -2 in E/S= 6 and 8.5 mL g -1 , the promising capacity of 1110 mAh g -1 (66% of the theoretical capacity) was obtained, confirming the capability of the FeNC/G host materials to deliver high sulfur utilization under lean electrolyte condition. During the oxidation process, similar charge curves were observed for the two E/S ratios, however, the plateau associated with the oxidation of the long chain LiPSs is longer in E/S = 8.5 mL g -1 (~848 mAh g -1 ) compare to E/S = 6 mL g -1 (~749 mAh g -1 ), which might be due to the shuttle effect more favorable in a low viscous medium. Further evaluation of the S mass loading was conducted by assembling a coin-type cell including a thick FeNC/G@S60 electrode (9.4 mg cm -2 with E/S = 6 mL g -1 ). The two typical discharge plateaus without distortion were observed with a high initial capacity of 824 mAh g -1 (i.e. 50% of the theoretical capacity, 7.7 mAh cm -2 ). These results show the capability of FeNC/G host materials in fabricating thick electrodes and delivering high sulfur utilization under lean electrolyte conditions. The higher overpotential and low sulfur utilization in the high S mass loading (thick electrode) have been reported in several reports. In fact, lower active material efficiency and polarization can be due to several reasons, such as; (i) the sluggish kinetics of the sulfur reduction in a lean electrolyte, well-reported in the literature [START_REF] Wang | Unity of Opposites between Soluble and Insoluble Lithium Polysulfides in Lithium-Sulfur Batteries[END_REF], which can be due to the low solubility of LiPSs in concentrated electrolytes and the mass transport limitation of PS 2-anions/Li + ions in the viscous electrolyte, more detrimental in heavy electrode, (ii) the less efficient electron pathway in heavy electrode and

(iii) the ohmic drop due to the high current applied. Nevertheless, reaching 50% of sulfur utilization for a heavily loaded FeNC/G@S60 electrode proves the promising performance of the FeNC/G host materials compare to the state-of-the-art.

Further probing on the effect of S mass loading on the discharge capacity was carried out by using an ultra-high S loading FeNC/G electrode (S loading 13 mg cm -2 , E/S = 4.9 mL g -1 ). The cell permits to deliver very high areal capacity of 9 mAh cm -2 at C/50 (Figure 52C), with S8 utilization equal to 40 % (capacity of the first plateau) and practical capacity of 692 mAh g -1 (i.e. 41% of the theoretical capacity). By increasing the S loading and decreasing the E/S ratio, the drawbacks developed previously are amplified. In addition, due to the low C-rate, the shuttle effect is significant and the coulombic efficiency is low. At C/20, an increase in the polarization and an improvement of the coulombic efficiency were obtained with an areal capacity of 6 mAh cm -2 (460 mAh g -1 ). The effect of the single metal atoms nature on the cell discharge/charge polarization by assembling FeNC/G@S60 and CoNC/G@S60 electrodes with the same S loading, and under lean electrolyte condition was investigated. Figures 53 A demonstrates that in low electrolyte conditions, the FeNC/G manifests lower polarization than CoNC/G, 0.2 V compare to 0.26 V.

While it has been shown previously that single Co atoms more significantly enhance the kinetics of the reduction of Li2S6 to Li2S4, in dilute solution and allow for lower polarization during CV at high scan rates. The different results are not contradictory, as a Li-S system includes several steps of conversion with kinetics mainly dependent on the electrolyte amount which impact its viscosity, the ratio of solid LiPSs, the composition of the different LiPSs and the mass transport, so the overall kinetic of the reaction.

Further investigations were carried out to reveal the effect of each host material compound on the electrochemical response. The performance of the FeNC@S60 and CoNC@S60 electrodes without the presence of rGO was investigated (Figure 53 B). It was revealed that, for the electrode with the S loading of 3 mg cm -2 (limitation of reaching higher loading due to the issue of electrode cracks), a high E/S ratio has to be used (8 and 10 mL g -1 for FeNC@S60 and CoNC@S60 respectively) to obtain reasonable capacity 60% of sulfur utilization, in addition, high polarization can be noticed, indicating the low accessibility of the electrolyte throughout the sulfur electrode without rGO carbon support and the lack of electronic conductivity. Indeed, by deposition of MNC (TPTZ/M) on the surface of rGO nanosheets the electronic conductivity of the carbon texture is not compromised and in addition rGO due to its high ratio of microporosity enhances the electrolyte up-take and improves the sulfur utilization. The effect of M-N-C catalysts on the Li-S performance was performed by fabricating the NC/G@S60 electrode. The performance of the NC/G@S60 electrode, with S loading of 5.1 mg cm -2 and with two E/S ratios (6 and 13 mL g -1 ) was examined (Figure 53C). The electrode under lean electrolyte condition exhibits poor performance especially in the region associated with the sluggish conversion of long-chain LiPSs to Li2S2/Li2S (second discharge plateau). The increase in the amount of electrolyte induces a decrease in polarization which might be due to the decrease in viscosity (mass transport increasing) and the increase of the solubility of LiPSs with the consequence to improve the LiPSs reduction kinetics. For the electrode with the S mass loading of 5.1 mg cm -2 and E/S = 13 mL g -1 , the discharge capacity was enhanced to 1240 mAh g -1 at C/20 however with higher polarization to the one obtained with MNC host materials. In addition, independent of the E/S ratio, the first charge capacity is significantly lower than the discharge ones, indicating a weak LiPSs retention ability of this electrode. The loaded catalysts on rGO independent from the nature of the single metal atom, significantly improve the performance of the Li-S batteries under lean electrolyte conditions, compare to the CN/G host material.

In the other word, the use of both rGO as a 2D carbon material and Fe or Co as single-atom catalysts permits a proposal of high-performance host material for sulfur. The FeNC/G compared to CoNC/G enhances the performance of the Li-S system, and allows the use of high sulfur loading into the FeNC/G@S electrode under lean electrolyte conditions. High capacity fading is always observed during the first cycles, which could be associated with i) the thermodynamically sluggish conversion of the reactions, ii) the consumption of active species by diffusion far from the electrode, their precipitation, and the formation of passive layer on the surface of both electrodes [START_REF] Yan | Capacity Fade Analysis of Sulfur Cathodes in Lithium-Sulfur Batteries[END_REF], and iii) the decrease of the positive electrode active surface due to its collapsing. The chemisorption was performed (Figure 54) by adding 10 mg of the host material in 2 mL of 3 mM of Li2S6 (1.2 mg of LiPSs). The CoNC/G and FeNC/G host materials are capable of adsorbing this LiPSs amount (corresponding to the absorption of about 12wt%). In an electrode with a reasonable sulfur/host material ratio, the total entrapping of LiPSs must enable an absorption higher than 200 wt%, which is far from the obtained absorption. It can be concluded that, for these materials, surface adsorption can be considered insufficient to reach high-performance stability. exhibits a stable capacity of 800 mAh g -1 over more than 150 cycles at C/10. The increase of the S loading, 4.5 mg cm -2 , induces a significant increase in capacity fading. (Figure 55A). The FeNC@S60 electrodes exhibit higher performance stability than the CoNC@S60 electrodes.

Indeed, FeNC/G@S60 compare to CoNC/G@S60, (~ 4.5 mg cm -2 , 6 mL g -1 ) manifests higher capacity retention with 93% compare to 62% of the initial capacity obtained after 60 cycles.

The higher retention of FeNC/G@S60 electrode compared to CoNC/G@S60, might be due to the more effective interaction of PSs anions with FeNC/G than with CoNC/G. In fact, the calculated binding energies between Li2S6 and FeN2 (Eads = -1.794 eV) or FeN4, (Eads =-1.352

eV) [START_REF] Wang | Manipulation of Edge-Site Fe-N2 Moiety on Holey Fe, N Codoped Graphene to Promote the Cycle Stability and Rate Capacity of Li-S Batteries[END_REF] are stronger than the binding energy between CoNC and Li2S6 (Eads=-0.50 eV) [START_REF] Li | Fast conversion and controlled deposition of lithium (poly)sulfides in lithiumsulfur batteries using high-loading cobalt single atoms[END_REF].

The effect of the E/S ratio can be also clearly observed. Indeed, the FeNC@S60 electrode with the S mass loading of ~ 5.5 mg cm -2 in E/S = 6 mL g -1 manifests higher retention ability compare to the same electrode with E/S = 8 mL g -1 (95% compare to 79% over 40 cycles) with higher coulombic efficiency (97% compare to 91% over 40 cycles). This significant improvement could be explained by the formation of a highly viscous LiPSs solution, which limits the mobility of the soluble species far from the electrode and increases capacity retention.

4-4. Conclusion

In this project, Fe, and Co-N-C were synthesized by a simple one-step pyrolysis method, using rGO as carbon support. Several physicochemical analyses including HAADF TEM and Mössbauer spectroscopy were used to well-characterize the obtained materials. After sulfur impregnation, the behavior of the two host materials was evaluated, and the effect of several parameters such as the E/S ratio and the sulfur mass loading was studied.

The FeNC/G as the sulfur host material successfully delivered high discharge capacity, and good capacity retention under lean electrolyte conditions.

5-1. Introduction

Li-S with high theoretical capacity (1675 mAh g -1 ) and high theoretical energy density (2600 Wh kg -1 ), has been considered a promising candidate to replace Lithium-Ion batteries (LIBs) [START_REF] Liu | Synthesis and Electrochemical Studies of Spinel Phase LiMn2 O 4 Cathode Materials Prepared by the Pechini Process[END_REF][START_REF] Anasori | 2D metal carbides and nitrides (MXenes) for energy storage[END_REF][START_REF] Wang | Enhancing lithium-sulphur battery performance by strongly binding the discharge products on aminofunctionalized reduced graphene oxide[END_REF][START_REF] Fang | More Reliable Lithium-Sulfur Batteries: Status, Solutions and Prospects[END_REF][START_REF] Jin | Electrochemical properties of lithium-sulfur batteries[END_REF]. Despite the considerable advantages of this system, some obstacles prevent the widespread practical realization of Li-S batteries i.e. sulfur and discharge products (Li2S2, Li2S) are highly electrically and ionically insulating [START_REF] Dean | s Handbook of Chemistry 3rd edn[END_REF]. In addition, intermediate lithium polysulfides (LiPSs) are dissolved in the ether-based electrolytes and migrate to the negative electrode (LiPSs shuttling) resulting in active materials loss during charge-discharge and poor coulombic efficiency [START_REF] Nan | Durable Carbon-Coated Li 2 S Core-Shell Spheres for High Performance Lithium/Sulfur Cells[END_REF][START_REF] He | From Metal-Organic Framework to Li 2 S@C-Co-N Nanoporous Architecture: A High-Capacity Cathode for Lithium-Sulfur Batteries[END_REF][START_REF] Chen | A New Type of Multifunctional Polar Binder: Toward Practical Application of High Energy Lithium Sulfur Batteries[END_REF].

Recently, many research efforts have led to improving the conductivity and at the same time polarity of the sulfur electrode by designing numerous sulfur composite [START_REF] Fang | 3D Interconnected Electrode Materials with Ultrahigh Areal Sulfur Loading for Li-S Batteries[END_REF][START_REF] Zhang | 3D Interconnected Porous Carbon Aerogels as Sulfur Immobilizers for Sulfur Impregnation for Lithium-Sulfur Batteries with High Rate Capability and Cycling Stability[END_REF][START_REF] Ji | Graphene Oxide as a Sulfur Immobilizer in High Performance Lithium/Sulfur Cells[END_REF]. It is wellknown that the physical interaction between non-polar carbon and polar LiPSs is not sufficient to effectively retain the soluble LiPSs within the positive electrode for long-term cycling and practical application [START_REF] He | Freestanding 1T MoS 2 /graphene heterostructures as a highly efficient electrocatalyst for lithium polysulfides in Li-S batteries[END_REF][START_REF] Liu | Nanostructured Metal Oxides and Sulfides for Lithium-Sulfur Batteries[END_REF]. Therefore developing polar sulfur host materials with strong adsorption toward LiPSs might assist to enhance the Li-S performance [START_REF] He | MOF-derived Cobalt Sulfide Grown on 3D Graphene Foam as an Efficient Sulfur Host for Long-Life Lithium-Sulfur Batteries[END_REF]. Metal-based compounds, such as oxides [START_REF]Freestanding carbon encapsulated mesoporous vanadium nitride nanowires enable highly stable sulfur cathodes for lithium-sulfur batteries[END_REF][START_REF] Yilmaz | Cross-linker mediated formation of sulfur-functionalized V2O5/graphene aerogels and their enhanced pseudocapacitive performance[END_REF][START_REF] Wang | Graphene-Like Matrix Composites with Fe2O3 and Co3O4 as Cathode Materials for Lithium-Sulfur Batteries[END_REF], sulfides [START_REF] Liu | High performance Li-S battery based on amorphous NiS2 as the host material for the S cathode[END_REF][START_REF] Xiao | Sandwich-type NbS2@S@I-doped graphene for high-sulfur-loaded, ultrahigh-rate, and long-life lithium-sulfur batteries[END_REF], nitrides [START_REF] Mosavati | Characterization and electrochemical activities of nanostructured transition metal nitrides as cathode materials for lithium sulfur batteries[END_REF], and carbides [START_REF] Zhou | Low Cost Metal Carbide Nanocrystals as Binding and Electrocatalytic Sites for High Performance Li-S Batteries[END_REF] [296,297] effectively bind LiPSs and catalytically facilitate the conversion of LiPSs to Li2S2, Li2S [START_REF] Wang | Conductive CoOOH as Carbon-Free Sulfur Immobilizer to Fabricate Sulfur-Based Composite for Lithium-Sulfur Battery[END_REF][START_REF] Liang | A highly efficient polysulfide mediator for lithium-sulfur batteries[END_REF]. Among the metal compounds, metal oxides, demonstrate high adsorption toward LiPSs, nevertheless, the low electrical conductivity of these compounds compromises the Li-S performance by slowing down the electron transport and the nucleation of the discharge products [START_REF] Peng | Enhanced Electrochemical Kinetics on Conductive Polar Mediators for Lithium-Sulfur Batteries[END_REF]. Thus, a nonpolar/polar composite consisting of carbon materials and transition metal oxides is expected to address this issue [START_REF] Deng | Co 4 N Nanosheet Assembled Mesoporous Sphere as a Matrix for Ultrahigh Sulfur Content Lithium-Sulfur Batteries[END_REF].

Vanadium (V) compounds by manifesting high adsorption ability toward LiPSs [START_REF] Li | Vanadium dioxide-reduced graphene oxide binary host as an efficient polysulfide plague for highperformance lithium-sulfur batteries[END_REF] can be a good candidate as a sulfur host material [START_REF] Song | Vanadium Dioxide-Graphene Composite with Ultrafast Anchoring Behavior of Polysulfides for Lithium-Sulfur Batteries[END_REF]. On the other side, Manganese (Mn) and its derivatives e.g. oxides, hydroxides, etc., not only strongly anchor LiPSs, but also improve the LiPSs conversion process kinetic [START_REF] Liang | A highly efficient polysulfide mediator for lithium-sulfur batteries[END_REF] , [START_REF] Li | An electrochemically neutralized energy-assisted low-cost acidalkaline electrolyzer for energy-saving electrolysis hydrogen generation[END_REF]. Li, et al. by designing Vanadium oxide grown on reduced graphene oxide (VO2/rGO), and using the composite as sulfur host materials, revealed that the VO2/rGO can improve the capacity and the retention over 400 cycles. This work can be the most recent work on this type of oxide however, some key information is missing and the sulfur mass loading of 1.5 mg cm -2 cannot be considered a sufficient mass loading for practical application. More importantly, the author shows that VO2 which intrinsically suffers from low electronic conductivity boosts the discharge capacity [START_REF] Song | Vanadium Dioxide-Graphene Composite with Ultrafast Anchoring Behavior of Polysulfides for Lithium-Sulfur Batteries[END_REF].

As an example of Mn-based oxides, an ultra-thin flexible polyaniline layer decorating manganese dioxide nanoparticle (PANI MnO2) was fabricated by Zhang et al [START_REF] Zhang | A flexible, hierarchically porous PANI/MnO2 network with fast channels and an extraordinary chemical process for stable fast-charging lithium-sulfur batteries[END_REF]. A promising discharge capacity of around 740 mAh g -1 for the electrode with a mass loading of 4 mg cm -2 , at high 1C, is reported, although the E/S= 15 mL g -1 and the sulfur content of around 55 wt% need to be improved. Based on our knowledge the binary of V and Mn which are able to have a synergetic effect on the Li-S performance by enhancing the adsorption and also increasing the kinetics of the conversion has not been reported yet. Here in, bimetallic V/Mn oxides on the surface of reduced graphene oxide (VMnrGO) nanosheets first by hydrothermal method followed by calcination at 550 ℃ under N2 were fabricated.

This strategy has been chosen for several reasons, 1) to mitigate the volume expansion during cycling by incorporating a folded and wrinkled 3D architecture composed of 2D rGO nanosheets, 2) effectively anchor LiPSs into the positive electrode by using highly polar binary metal oxides, 3) afford enough electronic and ionic conductivity to overcome the polarization issue caused by low conductivity of sulfur, 4) facilitate the electrolyte diffusion within the positive electrode benefiting from interconnected channels and enhance the sulfur utilization and 5) catalytically increase the kinetic of LiPSs conversion by the synergetic effect of binary V and Mn oxides.

5-2-3. Adsorption Tests

For the lithium polysulfides adsorption experiment, 10 mg of VMnrGO, or V2MnrGO composites were added into 2 mL of 5 mM of Li2S6 solution. The mixtures were kept undisturbed for 12 H before conducting UV measurements and taking a photograph of the obtained suspension.

5-2-3. The VMnrGO, V2MnrGO electrode preparation

The VMnrGO or V2MnrGO composites were mixed with PVDF in a weight percent of 90:10 and dispersed in NMP to obtain a homogeneous ink. The resulting slurry was coated on a carbon-coated aluminum foil and dried at 60℃ overnight. The electrochemical performance was evaluated in CR2032 coin-type cell, including lithium metal as the negative electrode, and Celgard® 2325 as the separator. The electrolyte consists of 1 M LiTFSI in a mixed solvent of 1,3-dioxolane (DOL) and 1,2-dimethoxyethane (DME) (v/v =1:1).

5-2-4. VMnrGO@S or V2MnrGO@S composite electrode preparation

The VMnrGo@S or V2MnrGo@S were mixed with Super P, and PVDF in a weight percent of 80:10:10 and dispersed in NMP to obtain a homogeneous ink. The resulting slurry was coated on the carbon-coated aluminum foil and dried at 40℃ overnight. The electrochemical performance was evaluated in CR2032 coin-type cell, including lithium metal as the negative electrode and Celgard® 2325 as the separator. The electrolyte consists of 1 M LiTFSI in a mixed solvent of (DOL) and (DME) (v/v =1:1) with 0.2 M lithium nitrate (LiNO3) as the additive. The electrochemical performance was tested on a biologic VMP300 with a voltage window of 1.6 to 3.0 V vs Li/Li + .

5-3. Results and discussion: 5-3-1. Material characterization

The VMnrGO, and V2MnrGO composites were prepared by simple hydrothermal method, followed by calcination at 550°C under N2 gas. The atomic ratios of V to Mn in VMnrGo and V2MnrGO were 1.1 and 2.3 respectively determined by ICP-OES analysis. The X-ray fluorescence spectroscopy as well reveals that in VMnrGO the ratio of V to Mn is (0.93) and in V2MnrGO this ratio is (1.9), all these data are in good agreement with the initial ratio of the precursors. Scanning electron microscopy (SEM) shows a nanoneedles type morphology for VMnrGO with high distribution on the rGO nanosheets without any agglomeration (Figure 56A). For V2MnrGO different morphologies including needles in larger dimensions (micrometer in length), as well as spheres, composed of an agglomeration of needles, were observed which may be due to the lower organic (tetraethylammonium ion) concentration as a structure-directing cation [START_REF] Zhang | Synthesis and characterization of a pipestructure manganese vanadium oxide by hydrothermal reaction[END_REF] (Figure 56B). Benefiting from rGO as the carbon support, the binary metal oxides, without large agglomeration, are well-distributed, therefore an efficient composite to effectively bind PSs is designed. The woven 3D binary metals/rGO composites as it is shown by SEM, presents a high ratio of macropores which could buffer the volume change and enhance the mechanical stability during cycling. V2MnrGO composites, lead to a good degree of crystallinity, therefore at 550℃, the VMnrGO composite can be indexed to V1.5Mn1.5O4 (JCPDS 3-90039) as the major structure and V2Mn2O7

(JCPDS 52-1265) as a second phase.

The broad peak in the range between 22 and 28° is assigned to non-crystalline defective rGO [START_REF] Rath | Reduced graphene oxide paper based nanocomposite materials for flexible supercapacitors[END_REF]. In the V2MnrGO composite, in addition to the previous phases, V2O3

(JCPDS 34-0187) as the minor crystalline structure was also detected. The calcination at 900℃ induces the disappearance of Mn2V2O7 in the two composites which might be due to the thermal reduction during calcination under N2 gas, in accordance with the reported results [START_REF] Xing | Manganese Vanadium Oxide-N-Doped Reduced Graphene Oxide Composites as Oxygen Reduction and Oxygen Evolution Electrocatalysts[END_REF]. After thermal treatment at 900°C, the VMnrGO composite is mainly composed of V1.5Mn1.5O4 with some small impurities whereas the V2MnrGO composite is a mixture of V1.5Mn1.5O4 and V2O3 in a ratio close to 0.5 based on the ICP-OES analysis data. In the two composites, a peak arises at 2θ = 26°, and corresponds to the graphite, as expected due to the treatment of the rGO nanosheets at high temperature and restacking of the layers. X-ray photoelectron Spectroscopy (XPS) was performed to determine the oxidation states of V and Mn in different composites. As shown in Figure 58, Mn can be seen in the oxidation states of Mn(II), Mn(III), and Mn(IV) with the binding energy of 640.7, 641.8, and 642.9

eV [START_REF] Ilton | XPS determination of Mn oxidation states in Mn (hydr)oxides[END_REF], respectively in the VMnrGO, and V2MnrGO composites (Figures 58 A &C). The 2p3/2 spectrum of V in VMnrGO is deconvoluted into 2 peaks corresponding to V with the oxidation states of V(IV) and V(V) at the binding energy of 516.1 and 517.4 eV 36 (Figure 58 B), while the same spectrum in V2MnrGO composite shows an extra peak assigned to V(III) at a binding energy of 515.5 eV, and also the peak associated with V(IV) arises at relatively higher binding energy (516.38 eV) (Figure 58 D). V(III) oxidation state might be associated with V2O3. As V2O3 might be overoxidized at the surface, the amount of V(III) in the XPS spectrum can be detected. The specific surface area of VMnrGo, and V2MnrGO composites were determined by N2 adsorption isotherm measurements (Figure 59A). The VMnrGo, and V2MnrGO composites possess a total surface area of 45 m 2 g -1 and 39 m 2 g -1 respectively. This value of the BET surface area obtained for the two composites permits to evaluate the electrochemical performances apart from the effect of surface area and porosity volume on the electrochemical performance. The low surface area of the two samples might be due to the high fraction of the binary metal oxides as it is revealed by the thermogravimetric analysis (TGA) under air to determine the rGO fraction (Figure 59 B). The two composites are thermally stable from room temperature to 300℃. By increasing the temperature, the oxygen could react with the carbon part and metal-based structures inducing their oxidation and the release of CO2. The weight loss continues up to 500°C, then the TGA results show a weight increase owing to the reaction of metal oxides to oxygen and ascending to higher oxidation states (V1.5Mn1.5O4 + x/2 O2 = V1.5Mn1.5O4+x). The VMnrGO and V2MnrGo composites include approximately 65wt% and 45wt% of rGO respectively which is in correlation with the ratio of V to Mn amount in the precursors, more inorganic compounds versus rGO for the ratio V/Mn equal to 2.

5-3-2. Electrochemical performances

The electrochemical behavior of the host materials was investigated in a coin-type cell configuration in DOL/DME + 1M LiTFSI as the electrolyte without LiPSs (Figures 60A,B).

The CV curves of the VMnrGO composite at 0.05 mV s -1 show no specific peak associated with the host materials, except a non-reversible peak at 1.60 V vs Li + /Li which might be associated with the reduction of rGO. However, the presence of V2O3 manifests a reversible peak around 2.60 V vs Li + /Li which could be related to lithiation-delithiation of V2O3 as reported elsewhere [START_REF] Mcnulty | V2O3 Polycrystalline Nanorod Cathode Materials for Li-Ion Batteries with Long Cycle Life and High Capacity Retention[END_REF].

Another important parameter is the adsorption and chemical interaction between the host materials and LiPSs. As displayed in Figure 60C, there is a significant difference in color between the samples and the blank. The reddish-brown color of 5 mM Li2S6 changed to be colorless after adding 10 mg of the host materials, suggesting a strong tendency of VMnrGO and V2MnrGO to adsorb Li2S6 (10 mg of host material absorbed 2 mg of LiPSs). Additionally, to measure the adsorption difference between V2MnrGO and VMnrGO Ultraviolet-visible (UV-vis) measurements were performed. In fact, if all the chemisorption obtained is associated with polar metal compounds, V2MnrGO, due to its higher fraction of metal oxide should show more adsorption. Although the difference in the adsorption peak at 300 cm -1 related to Li2S6 is negligible. This contradiction can be explained as follow; due to the agglomeration and formation of oxide structures in a higher dimension, as it is shown by SEM, metal oxide compounds in V2MnrGO exhibit a lower surface area per g exposed to LiPSs, which can explain that these two compounds have similar absorption properties. The VMnrGO composite effectively adsorbs PSs with a lower fraction of metal oxide than V2MnrGO, which should better maintain the electronic conductivity of the composite.

The promising adsorption (2 mg Li2S6 for 10 mg) manifested by the synthesized V, Mn oxides is comparable with the literature data, reported for high absorbent structure. As an example, D.

Lou et al. reported the adsorption of 1.7 mg of Li2S6 for 5 mg of the host materials (Nickel, Cobalt oxide double-shelled microsphere (NCO-HS) [START_REF] Luo | Synergistic Engineering of Defects and Architecture in Binary Metal Chalcogenide toward Fast and Reliable Lithium-Sulfur Batteries[END_REF]. However, as discussed previously in the other chapters, the total entrapping of LiPSs has to enable absorption of about 200 wt% to reach the maximum retention in the Li-S cell. The obtained value of absorption in this chapter (which is the highest value obtained in this work) is far from the real condition in a practical cell. The CV profile for VMnrGO@S and V2MnrGO@S electrodes with the S mass loading of 3.5 mg cm -2 at the scan rate of 0.1 mV s -1 from 1.60 V to 3.0 V vs Li + /Li is displayed (Figure 61A). The VMnrGO@S and V2MnrGO@S electrodes exhibit the two typical reduction peaks located at RI = 2.25V (for the two samples) and RII = 1.90 V and 1.85 V respectively. RI corresponds to the lithiation of elemental S8 with the formation of long chains LiPSs (Li2Sx 4 ≤ x ≤ 8), which can be considered as a fast-kinetic process and RII associated with the reduction of long chains LiPSs to short ones (Li2S2, Li2S) with a sluggish kinetic. In oxidation, the electrochemical responses are the expected ones with two peaks at OI=2.48 V and OII≈ 2.55 V, 2.60 V for VMnrGO and V2MnrGO, respectively. The electrochemical response of the two materials is close, although a slightly higher polarization is observed for V2MnrGo@S, during the first cycle, which may be associated with the lower fraction of rGO in the composite. After the first cycle and even at high scan rates, the electrochemical response of the two materials is very similar. The galvanostatic charge/discharge curves of VMnGO@S and V2MnrGO@S electrodes at C/20 (~5.5 mg cm -2 , E/S=8 mL g -1 ) are depicted in Figure 62. Even at high S mass loading, the discharge/charge plateaus of the curves could be seen, corresponding to the aforementioned cathodic and anodic peaks displayed in CV curves. The GCPL curve of V2MnrGO@S exhibits a lower capacity, 1050 mAh g -1 compared to 1200 mAh g -1 obtained with VMnrGO@S and a larger polarization (0.22 V compare to 0.18 V) especially at the end of the discharge. This differences might be linked to the low fraction of rGO in the V2MnrGO composites which limit the surface area, the electronic conductivity, and restricts the discharge capacity due to high polarization. This effect can be detected during the charging process by a higher charge over potential 2.31V vs 2.25 V for V2MnrGO@S, and VMnrGO@S, respectively at the beginning of the first charge plateau, associated with the sluggish kinetics of the oxidation of solid Li2S and Li2S2. The VMnrGO@S and V2MnrGO@S electrodes (3.1 mg cm -2 , ~7 mL g -1 ) after its activation at C/20 were cycled at C/10. The VMnrGO@S electrode shows a discharge capacity for the initial's cycles close to 700 mAh g -1 , then there is a gradual capacity fading for the first 15 cycles. Overall, the discharge capacity of 500 mAh g -1 with the capacity retention of 70% over 180 cycles, were obtained. In contrast, under the same conditions, the V2MnrGO@S electrode demonstrates an initial capacity of 500 mAh g -1 , then an activation process happens during 15 cycles, which might be due to the electrode reorganization. After 15 cycles, the capacities obtained with these two materials are close up to 70 cycles (Figure 63A).

Further investigation was carried out by assembling the V2MnrGO@S electrode with the S mass loading of 5.8 mg cm -2 (8 mL g -1 ). The cell delivers low discharge capacity of 200 mAh g -1 for the first cycle, although an improvement to 600 mAh g -1 at C/10 for the second cycle is observed, nevertheless the capacity fading after 20 cycles is very high (Figure 63 B). Therefore, the low fraction of rGO in the V2MnrGO composite, leads to low discharge capacity, in high sulfur mass loading, due to the surface-limitation for precipitation of solid discharge products and poor electronic conductivity [START_REF] Zhang | Atomically dispersed materials for rechargeable batteries[END_REF].

The VMnrGO@S electrode (5.2 mg cm -2 , 8 mL g -1 ) shows better performance including high initial discharge capacity (~950 mAh g -1 ) for the second cycle and good stability over 80 cycles at ~600 mAh g -1 (63% of capacity retention) (Figure 63 B). However, due to the large polarization of the electrode observed just before the second plateau, associated with the Li2S nucleation, some of the discharge curves were cut before the second plateau (due to the cut-off voltage fixed at 1.6 V), thus low discharge capacities were obtained for several cycles (cycles 1, 4, 5, etc,). This large polarization can be due to the low surface of the host material (40 m 2 g - 1 ). However, after several cycles, the cell overcome this challenge and stable cycle stability was delivered by the cell. Regarding the capacity obtained at the first plateau, a very stable value is obtained with 200 mAh g -1 , from the first to the last cycle, which can be related to the absorption property of the host material versus LiPSs. Regarding the reduction of long LiPSs (up to the formation of Li2S4), half of the expected capacity is obtained, whereas only 36% of the overall theoretical capacity is reached, in accordance with sluggish kinetics of the formation of solid LiPSs, especially in a low surface area host material.

The obtained results for the VMnrGO can be compared to FeNC/G host material (Chapter 4)

as the data are almost collected in the same conditions (S mass loading of ~5.2 mg cm -2 , E/S ratio ~ 8 mL g -1 , and the use of rGO as carbon structure). The FeNC/G host material with a low amount of catalyst, 3wt% of single atom Fe compared to 35wt% of oxides demonstrates better results, in terms of i) ratability i.e. FeNC/G is capable of delivering the discharge capacity of 900 mAh g -1 at C/10 while for VMnrGO, at such C-rate, very weak performance is obtained and iii) capacity retention i.e. 79% compared to 60% after 60 cycles. This comparison indicates the importance of the catalyst element but also the surface area (Chapter 4), whereas LiPSs absorption property is not discriminated in our study. To evaluate the effect of sulfur content on the Li-S performance, highly loaded VMnrGO@S electrodes were fabricated. Two electrodes, including 60 wt% (VMnrGO@S60) and 80 wt% (VMnrGO@S80) of sulfur in the composites, were obtained. The SEM images of the VMnrGO@S80 electrode (Figures 64A &B) shows the presence of big sulfur particles with an average size of 50 µm poorly distributed. In contrast, for the VMnrGO@S60 (Figures 64C &D), the sulfur particles with smaller dimensions are observed, therefore high sulfur utilization, with low polarization can be expected. The discharge curves of the VMnrGO@S60, and VMnrGO@S80, are compared (Figure 65).

The VMnrGO@S80 electrode with the S mass loading of 9.5 mg cm -2 with E/S= 6.5 mL g -1 , delivers a capacity of 700 mAh g -1 at C/50. Whereas the VMnrGO@S60 electrode with 9.5 mg cm -2 and 10.4 mg cm -2 , 6.5 mL g -1 exhibits an excellent discharge capacity of about 1070 mAh g -1 at the same scan rate. The weak performance was obtained with a large amount of sulfur (80% in the composite electrode).

Further investigation was conducted in high S loading conditions, by assembling the VMnrGO@S60 electrode with the S mass loading of 10.8 mg cm -2 under lean electrolyte condition E/S=4 mL g -1 . The cell manifests the same first plateau capacity with 230 mAh g -1 .

However, the discharge capacity is limited by the second short plateau (total discharge capacity of 500 mAh g -1 ), due to the high polarization of the cell associated with the limitation of mass transport and the low solubility of LiPSs in concentrated electrolyte inducing slowed kinetics by the presence of solid/solid reactions [START_REF] Gupta | Highly Solvating Electrolytes for Lithium-Sulfur Batteries[END_REF]. The amount of electrolyte significantly affects the second discharge plateau more than the first one. The long-term stability of the VMnrGO@S60 with the S mass loading of 11.6 mg cm -2 and E/S=5 mL g -1 was performed. The first cycle was performed at C/20, to permit the stabilization of the lithium/electrolyte interface, before cycling slowly at C/50. The cycle stability was carried out at C/50, and the high discharge capacity of 8.6 mAh cm -2 (740 mAh g -1 ), at the second cycle, with a capacity retention of 70% over 20 cycles was obtained. 

5-4. Conclusion

The VMnrGO and V2MnrGO composites were fabricated by a hydrothermal method followed by calcination at 550℃, to obtain different wt% of polar compounds in the composites determined by ICP-MS and TGA. The behavior of the two composites as sulfur host materials was evaluated by CV and GCPL in different S mass loading. It is shown that the fraction of the carbonaceous can highly affect the Li-S performance in terms of sulfur utilization and discharge capacity. In fact, a higher fraction of the binary compound cannot assure higher retention and is detrimental to the electronic conductivity of the electrode. Thus, best performance was obtained with VMnrGO. However, due to the low surface area, weak performance was obtained at high sulfur loading and amount.

Several types of host materials for sulfur electrode with different properties were designed and a systematic comparison was made to understand the impact of structure, morphology as well as doping elements on electrochemical performance of Li-S battery. To show the improvement in the kinetics of the LiPSs conversion by the host materials, mostly polarizations manifest by the GCPL curves and CV without mentioning the E/S ratio, are generally considered, while due to the solubility of the active materials, the electrolyte contribution in the kinetics of the electrochemical reactions is known. That's why for all the materials developed, we evaluated their capability to work in lean electrolyte.

We successfully developed different types of host material based on N-doped carbon incorporating Fe or Co catalytic sites. Binary V, Mn oxide nanoneedles on rGO structure were also obtained.

The designed host materials were developed by pyrolysis or solvothermal methods. The physiochemical characterization of these materials was investigated with different accurate techniques such as XRD, XPS, BET, Raman and Mössbauer spectroscopies, HAADF-TEM and TEM.

Different iron-based catalysts, integrating single atoms, particles, carbides or a mixture of these structures have been evaluated in this thesis. The catalytic effect on the sulfur conversion reactions, for these different structures, could be highlighted, by measuring kinetic constants and by comparing the performances obtained with and without the incorporation of these catalysts. When comparing these materials with sulfur loadings between 3 and 4 mg cm 2 and an E/S ratio of 8 -9 mL g -1 , the performance in terms of capacity and cycling resistance is similar, with about 700 -750 mAh g -1 over long cycles. The differentiation of these materials is done, when the experimental conditions are less favorable. For a lower quantity of electrolyte, ratio E/S = 6 mL g -1 , the materials presenting a porous structure including mesopores with a specific surface at least equal to 300 m 2 g -1 make it possible to obtain performance, in terms of capacities equivalent to those obtained with E/S = 8 -9 mL g -1 . Moreover, the coulombic efficiency is improved by limitation of the phenomenon of redox shuttling and the problem of the dendrites is mitigated.

When the proportion of sulfur is increased from 60 % to 80 % for the composite, only materials with active surfaces greater than 600 m 2 g -1 can achieve acceptable performance with 400 mAh g -1 over long cycling. The best performances are then obtained with the Fe3CN material having the largest specific surface, with microporosity. On the other hand, the other parameters such as the sulfur loading and the E/S ratio had to be degraded (loading of 2.5 mg cm -2 and E/S = 15 mL g -1 ). With large amount of electrolyte, the presence of mesoporosity seems to be less detrimental, and the main factor is the surface area available for the precipitation of insoluble LiPSs, Li2S2 and Li2S. In addition, the increase in sulfur content up to 80 wt% drops the electronic conductivity of the sulfur electrode inducing high polarization.

The comparison between the single atoms of iron and cobalt shows equivalent performance for electrolyte quantities of 7 mL and loading of 3 -4 mg cm 2 . In the presence of a lower electrolyte quantity or higher sulfur loading, the performance obtained with iron are clearly superior to those obtained with cobalt. For these two host materials, as the other material properties were equivalent (carbon structure, surface area, porosity, …), the intrinsic catalytic behavior of the element was highlighted.

The last materials investigated used oxide compounds, vanadium and manganese oxides. The electrochemical performance of two composition of oxide compounds is compared. These two composites show high PSs adsorption, but in the same time low surface area (~ 40 m 2 g -1 ), leading to the study of the effect of LiPSs adsorption on the capacity retention. It is demonstrated that, compare to V2MnrGO, VMnrGO due to a high fraction of rGO in the composite benefits from high electronic conductivity, by delivering the discharge capacity of 600 mAh g -1 for long term cycling, for the cell employing (5 mg cm -2 , 8 mL g -1 ).
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 155 low sulfur loading (Depending on the carbon context) MXenes ➢ Excellent electrical conductivity ➢ Inherent flexibility ➢ Sufficient mechanical strength ➢ High chemisorption ➢ Complex preparation procedure ➢ Restacking the 2D layers obstacle the accessibility of ions and full utilization of the functional groups on the surface MOFs and its derivatives ➢ Strong chemical bonding with S species ➢ Structural diversity and highly controllable nanostructures ➢ High surface area and highly porous ➢ Poor electrical conductivity ➢ Low mechanical stability Conductive polymers ➢ Sufficient electrical conductivity ➢ Simple preparation procedure with low treatment temperature ➢ Elastic and flexible nature buffer the volume change during cycling ➢ Low sulfur content and low sulfur mass loading Organosulfur composites ➢ Strong sulfur species confinement ➢ High sulfur content and high sulfur mass loading ➢ Molecular controllability ➢ Fast capacity decay due to the possible dissolution of the reduced monomers Advanced Carbon Materials In the few last years, single atoms metals such as Fe, Co, and Ni, have attracted widespread attention for their promising catalyst performance, in oxygen reduction, fuel cells and very recently in lithium-sulfur batteries (Figure 22)[135].
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 122 MOFs-based Carbon Materials including a mixture of Fe single atoms and Fe crystalline derivatives. Manifesting promising results toward Oxygen reduction reaction and CO2 reduction by the materials synthesized by F. Jaouen's research group were evaluated as the sulfur host in Li-S batteries. Therefore, the electrochemical performance of FeNC after its impregnation by sulfur was compared to classical Li-S batteries using Ketjenblack/S as the positive electrode (Chapter Synthesis and study the application of Iron, Nitrogen doped high surface area carbon for Li-S batteriesIn this part, by pyrolyzing the precursor including porous carbon melamine and Fe(ac)2 at different temperatures; porous carbon co-doped with N, and Fe particles (FePCN)/ Fe Carbides (Fe3CN) at 750℃, and 950℃, respectively were obtained. The effect of porosity and surface area on Li-S performance by utilizing these materials as the sulfur host was evaluated (Chapter 3).
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 27 Figure 27. Cyclic voltammetry plot of (A) the FeNC catalyst, and (B) KB, in 10 m M of Li2S6, (C) Visual discrimination (inset) and ultraviolet visible spectra of the Li2S6 solutions after exposure to KB, and the FeNC catalyst.

  A) in coin cells. The cyclic voltammetry (CV) profile, for the first cycle at 0.1 mV s -1 , shows three cathodic peaks assigned to the reduction of S8 to form Li2Sx 4≤ x ≤ 8 at ~ 2.27 V vs Li/Li + , further reduction of Li2Sx 2 < x ≤ 4 to Li2S2/Li2S at ~ 2.0 V vs Li/Li + , and finally the complete conversion of Li2S2 to Li2S at ~1.80 V vs Li/Li + . During the oxidation process, three closely related peaks assigned to the oxidation of Li2S to Li2S2 at 2.38 V vs Li/Li + , of Li2S2 to Li2Sx 4 ≤ x ≤ 8 at 2.42V vs Li/Li + and to Li2Sx 6 ≤ x ≤ 8 to S8 at 2.47 V vs Li/Li + were observed. A gradual decrease of the polarization was noticed, and after 10 cycles, the CV curve demonstrates only two cathodic peaks, with a positive potential shift, at 2.3 and 2.0 V vs Li + /Li and their corresponding oxidation peaks, with a small shift to lower potential. The shape of the cathodic and anodic peaks as well as the lower polarization compared to the first cycle, indicate an improvement in the electrochemical reaction after sulfur electrode reorganization. This electrode reorganization can be due to the electrochemical deposition of sulfur species on the conductive sites. The calculated capacities
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Figure 35 .

 35 Figure 35. The CV of (A) FePCN, and (B) Fe3CN at different scan rates in 10 mM of Li2S6.

Figure 38 .

 38 Figure 38. (A) Initial GCPL curves of C@S60 at 0.1 C in two E/S ratio, and (B) long term cycle stability at 0.1 C for the C@S60 in two E/S ratio.

Figure 40 .

 40 Figure 40. The GCPL curve of Fe3CN@S80 with high S mass loading at C/50.

4- 2 - 4 .

 24 Catalytic effect evaluation Cyclic voltammetryIn order to demonstrate the advantage of the FeNC/G and CoNC/G catalyst on the kinetic of LiPSs conversion during the reduction and oxidation processes, Cyclic Voltammetry (CV) in a three-electrodes configuration was performed at different scan rates (10 mV s -1 to 70 mV s -1 ) between 2.0 and 2.8 V vs Li + /Li. The working electrode was fabricated by mixing 18 mg of the FeNC/G or CoNC/G catalysts and 2 mg of polyvinylidene fluoride (PVDF, Solvay Solef 6020), by manual grounding then adding several drops of N-methyl-2-pyrrolidone (NMP, AcroSeal) and stirring. A homogeneous ink was obtained and cast on the surface of the platinum electrode (2 mm in diameter with around 0.3 -0.4 mg of active materials). Protected Li metal foil as the reference and counter electrodes in 1M LiTFSI, and 10 mM of Li2S6 in DME: DOL (1:1) were used to construct the three-electrode configuration.

nFigure 41 .

 41 Figure 41. XRD spectrum of CoNC/G before and after acid leaching with different concentration of HCl.

Figure 42 .

 42 Figure 42. XRD spectrum of FeNC/G by utilizing different wt% of Fe in the precursor.

Figure 43 .

 43 Figure 43. SEM Image of carbon support after NaCl leaching.

Figure 44 .

 44 Figure 44. (A) SEM Images of CoNC/G, and (B) FeNC/G (C) HAADF-STEM images of FeNC/G and (D) CoNC/G.

Figure 45 .

 45 Figure 45. Mössbauer spectroscopy of FeNC/G structures.

Figure 46 .

 46 Figure 46. XPS spectra survey of (A) CoNC/G, (B) C1s, (C) N1s and (D) Co2p.

Figure 47 .

 47 Figure 47. XPS spectra survey of (A) FeNC/G, (B) C1s, (C) N1s and (D) Fe2p.

Figures ( 48 A

 48 Figures (48 A & B) show the Raman spectra of CoNC/G and FeNC/G, the two host materials reveal the characteristic D and G bands at around 1350 and 1590 cm -1 , respectively. After the

Figure 48 .

 48 Figure 48. Raman spectra for (A) FeNC/G, and (B) CoNC/G.

Figure 49 . 1 . 4 - 3 - 2 - 2 .

 4914322 Figure 49. The BET data for (A) 10wt% of template and (B) 40wt% of template (C) Pore size distribution.

Figure 50 .

 50 Figure 50. The CV of (A) CoNC/G and (B) FeNC/G in 10 mM of Li2S6.

Figure 51 B

 51 & C), revealing an excellent reversibility of redox process confirming the promising behavior of the two single Co,FeNC catalyst in enhancing the kinetic of the conversion. At higher scan rate, the polarization obtained with CoNC/G is weakly lower than the one observed with FeNC/G. In the conditions used for the CV studies, the two materials exhibit near the same electrochemical properties.

Figure 51 .

 51 Figure 51. (A)The CV of CoNC/G@S60, FeNC/G@S60, taken at 0.1 mV s -1 , (B) The CV of CoNC/G@S60 at different scan rates, (C) the CV of FeNC/G@S60 at several scan rates.

Figure 52 .

 52 Figure 52. (A)The GCPL curves of CoNC/G@S60 at C/20, (B) The GCPL curves of FeNC/G@S60 at C/20, (C) The GCPL curves of FeNC/G@S60 in ultra-high sulfur loading.

Figure 53 .

 53 Figure 53. (A) The GCPL curves of CoNC/G@S60, FeNC/G@S60, at C/20 (First cycle). (B), The GCPL Curves of CoNC@S60, FeNC @S60 at C/20. (C) The GCPL Curves of NC/G@S60 at C/20.

Figure 54 .

 54 Figure 54.The UV-vis absorption spectra of the LiPSs solution in presence of MNC material and the photograph showing the variation in the color.

Figure 55 .

 55 Figure 55. (A) The long-term cycling of the CoNC/G@S60 electrodes and (B) The FeNC/G@S60 electrodes, at C/10.

Figure 56 .

 56 Figure 56.The SEM images of VMnrGO composite (A), and V2MnrGO composite (B). The X-ray Diffraction (XRD) was carried out to analyze the VMnrGO and V2MnrGO

Figure 57 .

 57 Figure 57. (A) The XRD diffractograms of VMnrGO composite calcinated at different temperature (B), and V2MnrGO composite.

Figure 58 .

 58 Figure 58.The XPS spectrum of (A) Mn 2p, (B) and V 2p in VMnrGO composite, (C) Mn 2p, and (D) V 2p in V2MnrGO composite.

Figure 59 .

 59 Figure 59. (A) N2 adsorption isotherms of VMnrGO, and V2MnrGO composites (B). The TGA plots of VMnrGO, and V2MnrGO composites under air.

Figure 60 .

 60 Figure 60. (A) CV of VMnrGO composite (B), and V2MnrGO composite at 0.05 mV s -1 (C). UV vis spectra and corresponding picture (inset) of Li2S6 adsorption by VMnrGO and V2MnrGO composites.

Figure 61 .

 61 Figure 61. (A) CV curves of VMnrGO@S, and V2MnrGO@S electrodes at 0.1 mV s -1 . (B) CV curves of VMnrGO@S electrode, and (C) V2MnrGO@S electrode at different scan rates.

Figure 62 .

 62 Figure 62. The initial GCPL curves of VMnrGO@S, and V2MnrGO@S electrodes at C/20.

Figure 63 ,

 63 Figure 63, (A)The long-term cycling performance of VMnrGO@S and V2MnrGO@S electrodes with a sulfur loading of 3.1 mg cm -2 at C/10 (B) and with a sulfur loading ~5.5 mg cm -2 at C/10. (C) The GCPL curves of VMnrGO@S composite with the S mass loading of 5.5 mg cm -2 at C/10.

Figure 64 .

 64 Figure 64. The SEM cross section of (A, B) VMnrGO@S80, and (C, D) VMnrGO@S60

Figure 65 .

 65 Figure 65. (A)The discharge curves of several composites including 60 and 80 wt% of sulfur, C/50. (B) the long-term cycle stability of the VMnrGO@S60 at C/50.

  

  

  

  

  

  

  

  

  

Table 1 .

 1 The compared parameters between different types of batteries[START_REF] Quentin | Développement et caractérisation in situ d'électrodes positives pour batteries Lithium/soufre[END_REF].

	Technology	Energy	Volumetric	Power	Life time	Potential (V)
		Density	energy density	Density	(cycle)	
		(Wh/kg)	(Wh/L)	(W/kg)		
	Pb-Acide	30-50	60-100	50-120	200-300	2
	Ni-Cd	45-80	60-180	40-110	1000	1.2
	NiMH	60-120	120-300	60-200	300-500	1.2
	LiCoO2	150-250	500-600	200-300	500-1000	3.6
	LiMn2O4	150-250	300-700	250-400	500-1000	3.7
	LiFePO4	90-120	~ 300	~ 200	1000-2000	3.2-3.3

  𝜔 𝑛 𝑄 𝑆 8 →𝐿𝑖 2 𝑆 𝑛 𝑤ℎ𝑒𝑟𝑒 𝜔 𝑛 𝑖𝑠 𝑡ℎ𝑒 𝑤𝑡% 𝑜𝑓 𝑆 8 𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑑 𝑡𝑜 𝑃𝑆𝑠 By considering the above-mentioned equation the theoretical discharge capacity can be

	∑ 𝜔 𝑛 = 1, 𝑛 = 1,2,4	
	= 𝜔 4 𝑄 𝑆 8→𝑃𝑆 𝑥 + 𝜔 2 𝑄 𝑆 8→𝐿𝑖 2 𝑆 2 + 𝜔 1 𝑄 𝑆 8→𝐿𝑖 2 𝑆	(19)
	= 418𝜔 4 + 836𝜔 2 + 1675𝜔 1	

categorized in three steps as table

[START_REF] Tarascon | Issues and challenges facing rechargeable lithium batteries[END_REF]

[START_REF] Yan | Capacity Fade Analysis of Sulfur Cathodes in Lithium-Sulfur Batteries[END_REF]

.

Table 2 .

 2 Discharge Capacity versus DOD in Li-S batteries.

	Conversions

The number of electrons [mol/mol.S] DOD Percentage Specific capacity [mAh/g]

  

	soluble PSs into the electrolyte, and loss of active species by chemical reactions at the lithium
	surface induces a decrease of the capacity. Therefore, generally a significant drop in the cell
	capacity observes after the first cycle. The cell discharge capacity after the second cycle can be
	calculated as below;			
	𝑄 𝑥(𝑥>1) = ∑ 𝜔 𝑚 𝑠 8 𝑄 𝑆 8→𝐿𝑖 2 𝑆 𝑛 + ∑ 𝜔 𝑚 𝑃𝑆𝑠 𝑄 𝑃𝑆𝑠→𝐿𝑖 𝑆 𝑆 1,2	
	𝑺 𝟖 ↔ 𝑷𝑺 𝒙	0.5	25%	418
	𝑺 𝟖 ↔ 𝑳𝒊 𝟐 𝑺 𝟐	1	50%	836
	𝑺 𝟖 ↔ 𝑳𝒊 𝟐 𝑺	2	100%	1675
	In practical, due to the sluggish kinetic of 𝐿𝑖 2 𝑆 2 → 𝐿𝑖 to S8, diffusion of

2 𝑆 conversion, in the solid state and the passivation of the electrode surface, 𝜔 1 𝑖𝑠 ≪ 1, therefore leads to major loss in the capacity. Furthermore, in the first charge owing to kinetic sluggish conversion of PSs

Table 4 .

 4 The compared advantage disadvantages of several frequently used compounds for Li-S application[START_REF] Li | A Comprehensive Understanding of Lithium-Sulfur Battery Technology[END_REF].

	Materials	Advantages	Disadvantages
	Metal Oxides	➢ Strong chemiosorption	➢ Poor intrinsically electronic
		➢ Catalytic behavior in efficiently	conductivity
		anchor PSs	➢ Relatively low sulfur utilization
			➢ Low surface area structure highly
			reduces the adsorption effect
	Metal sulfides	➢ Strong sulfiphilicity	➢ Low surface area
		➢ Catalytic behavior to promote the	➢ Poor charge transfer
		Li2S oxidation	
	Metal Hydroxides	➢ Efficient absorption effect	➢ Low conductivity
		resulting from abundant hydrophilic and hydroxy groups	➢ Insufficient sulfur utilization
		➢ Catalytic behavior	
	Nitrides and	➢ High affinity for LiPSs	
	carbides	➢ Good electrical Conductivity	
		➢ Promising catalytic properties	
		➢ Chemically stable	

Table 5 .

 5 The critical metrics for industrial application of Li-S battery[START_REF] Robinson | roadmap on lithium sulfur batteries[END_REF].

	Metrics	Condition
	S Content	> 70 wt%
	S Mass Loading	> 3 mg cm -2
	Li Excess	< 50 %
	E/S	< 4 mL g -1
	Specific Capacity	> 1100 mAh g -1

3-2-1 Carbon aerogel preparation

The synthesis of the carbon used was described in a previous report [START_REF] Rey-Raap | Aqueous and organic inks of carbon xerogels as models for studying the role of porosity in lithium-ion battery electrodes[END_REF]. As follow; Organic xerogel was synthesized by the polycondensation of resorcinol (R) and formaldehyde (F) using deionized (DI) water as solvent and sodium hydroxide as basification agent. The resorcinol (Indspec, 99%) was first dissolved in the DI water under magnetic stirring. Then, the formaldehyde (Merck, 37 wt.% in water, stabilized by 10-15% methanol) was added and the resulting mixture was stirred until to obtain a homogeneous solution. Finally, the pH of the precursor solution was adjusted to the chosen value by first a concentrated NaOH solution, then a diluted NaOH solution. The solution was poured into an unsealed glass beaker (transparent to microwaves) which was then placed in a multimode microwave oven at 85 °C for 3 h, to complete gelation and ageing. The obtained polymeric structure, was di hydrolyzed by further heating of the gel in the microwave oven. The sample was ground before carbonization using, then, the organic gel powder was carbonized at 700 °C under a N2 flow in a horizontal tubular furnace. three successive steps were performed for successful carbonization: first, the sample was heated up to 150 °C at 1.7 °C/min (15 min), second the heating up to 400 °C at 5 °C/min (60min) and, the final heating up to 700 °C at 5 °C/ min(120min). After naturally cooling down to room temperature the carbon aerogel was collected.

3-2-2 FePCN, Fe3CN preparation

Melamine (Acroschemical 99%) as the nitrogen precursor was mixed with the carbon in the mass ratio of 25 wt%. The mixture was dispersed in a solvent mixture of H2O and Ethanol (1:4 vol VWR 96%), 50 ml in total. The suspension was sonicated for one hour then 1.5 wt% of Fe(ac)2 (Acroschemical 95%) and 4 mL ammonia solution (Fisher) was added and stirred for three hours in 80 ℃ to remove the solvent. The powder was collected and transferred to a tube furnace operating under N2 gas. The effect of temperature on the Fe final phase was studied by fixing the temperature from 650 ℃ to 1000 ℃ and holding each specific temperature for 1

Chapter 4

Single atomic dispersion of Fe and Co embedded on nitrogen doped graphene oxide for high performance

Lithium sulfur battery

FeNC/G@S60, significantly improves the overall kinetics of the conversion and enables the high S mass loading electrode to deliver high discharge capacity, with promising retention. CoNC/G sulfur host, respectively. The solutions were stirred to chelate the metal ions by TPTZ ligands. After 5 hours of stirring, 25 mL of Graphene Oxide (GO 6 mg mL -1 ), (synthesized be modified hummers method) were added. The suspension was stirred overnight, then 40 wt% of NaCl (Fisher Chemical 99.55) was added and stirred to obtain a well-dispersed suspension. The two solutions were immediately frozen by liquid N2 and freeze-dried at -50℃ to remove the solvent.

4-2. Experimental section

The pyrolysis step was performed in a tube furnace at 900℃ by a heating rate of 10℃ min -1 under an N2 gas flow of 50 sccm. After cooling down the furnace, the black powder was leached first with DI water to remove the NaCl and then with 0.5 and 1M HCl solutions at RT to remove the metal particles and metal oxides. The acidic suspensions were filtered and washed until neutral pH. The obtained powders FeNC/G, CoNC/G were dried at 60℃ overnight. For comparison, FeNC and CoNC were synthesized without adding GO with the same procedure as mentioned. To synthesize Carbon-N doped on the surface of rGO (NC/G) the same procedure was performed without adding the metal precursor.

4-2-2. FeNC/G, CoNC/G@S preparation:

Sulfur (Alfa Aesar A7558) was impregnated in FeNC/G and CoNC/G by the modified meltdiffusion strategy 2h at 160°C under N2 to obtain the FeNC/G@S60 and CoNC/G@S60 composites.

Chapter 5 Binary V, Mn, rGO Composite as the

Sulfur Host Materials for High

Performance Lithium-Sulfur Battery

5-2. Experimental Section

5-2-1. Preparation of VMnrGO, V2MnrGO

5 mM of V2O5 (Aldrich) was dissolved in 5 ml of DI water after 1h of sonication, 10 mM of Mn (II) acetate (98% anhydrous Thermo Scientific) were added to the orange color solution followed by 3.8 ml of tetraethylene ammonium hydroxide ((Et)4NOH 20% solution Thermo Scientific). The VMnGO suspension was made by adding ~90 mL of graphene oxide, GO, (6 mg mL -1 , synthesized by modified hummers method). The suspension was kept under stirring at room temperature for 24 H to obtain high-level dispersion of atomic compound on GO sheets.

Then, the dark highly viscous mixture was transferred to a 150 mL Teflon tube autoclave and treated at 165 °C under N2 for 72h. After cooling down naturally, VMnrGO (reduced graphene oxide) aerogel composites were filtered and rinsed several times with DI water and freeze-dried at -105 °C. The dried aerogel was calcinated at 550℃ under N2 for 1 h. To compare, a higher molar ratio of V (10 mM) to Mn (V2O5: Mn (ac)2 1:1) was utilized to obtain V2MnrGO by the same method.

5-2-2. Preparation of VMnrGO@S, and V2MnrGO@S composite

The VMnrGO and V2MnrGO composites were mixed with sulfur in the ratio of (2:3), and the homogenous black powder was obtained and transferred to the furnace operated under N2 gas at 160°C for 2 hours to obtain VMnrGO@S and V2MnrGO@S.

5-2-3. Preparation of Lithium Polysulfides (Li2S6)

A Li2S6 solution was prepared by mixing stoichiometric amounts of lithium metal, and sulfur in a mixture of 1,3-dioxolane (DOL) and 1,2-dimethoxyethane (DME) (v:v = 1:1), in presence of 1M LiTFSI followed by vigorous magnetic stirring for 24 H at room temperature in order to have 0.1 M of Li2S6.

Conclusion and Perspectives

Among all the host materials we have examined so far, the best performances were obtained for Fe single atom using rGO as carbon structure FeNC/G: (i) it can reach highly loaded electrodes, up to 15 mg cm -2 and deliver reasonable sulfur utilization in a coin-type cell and (ii) it can exhibit very promising cycle stability for the mass loading of 5 mg cm -2 , under lean electrolyte condition.

Finally, as FeNC/G shows promising results, and in order to further reduce the amount of electrolyte, next step will be to test the performance in the real condition utilizing pouch-type cells (instead of the coin-type).