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Abstract:

The general context of our studies is the confinement of sulfur in nanoporous materials for applications in the field of energy (batteries

and  gas  adsorption).  In  this  proposal  we  focus  on  the  confinement  of  sulfur  into  meso  and  microporous  carbons.  Our  objective  is  to

provide  new insight  on  the  structural  and  dynamical  properties  of  confined  sufur.

We plan to monitor the structure on D4 and the vibrational density of states on IN1-Lagrange. These measurements will allow to validate

our hypothesis on amorphous phase stabilization upon confinement and to analyse the S/C interaction as a function of temperature and

pore network.



The general context of this study is the confinement of sulfur in nanoporous materials for applications in the 
field of energy (batteries and gas adsorption). In this proposal we focused on the confinement of sulfur into 
meso and microporous carbons. Our objective was to provide new insight on the structural and dynamical 
properties of confined sufur. For that we monitored the structure on D4 and the vibrational density of states 
on IN1-Lagrange.  

Sulfur was incorporated in meso- and microporous carbon by impregnation methods. Thermodesorption 
analyses enabled us to shown that sulfur is more strongly retained in micropores than in mesopores. Recent 
differential scanning calorimetry measurements suggested that in micropores, amorphous sulfur can be 
stabilized while strong effect of confinement on the sulfur melting peak are observed under mesoporous 
confinement.  

The aims of the experiment was to monitor the structure and the density of states of the confined phase and 
their evolution as a function of temperature in order to (i) to validate our hypothesis on amorphous phase 
stabilization upon confinement, (ii) to analyse the S/C interaction as a function of temperature and pore 
network. Two porous carbon matrices were measured during the experiments: a mesoporous graphitic one 
(Cmeso) and a microporous amorphous one (Cmicro).  

The following samples were measured: 

- Cmeso and S@Cmeso 
- Cmicro and S@Cmicro 

The samples were measured at 77K and 300K in the energy range 200-3500cm-1 by using the Cu220 
configuration (Figure 1). All the spectra were normalized to monitor counts and the quartz empty cell is 
substracted. This measurement allowed to analyze the dependence of the S/C interaction as a function of the 
pore network.  

 

Figure 1: Generalised Density of States (GDOS) of Cmicro and S@Cmicro at 77K. 

CO2 Adsorption mechanisms in Sulfur/Carbon composites 

 

Scientific background 
This proposal is part of the STaR-S project that has been granted by ANR in 2023. The goal of this project 
is to study Sulfur confinement in nanoporous materials in order to synthesize sulfur-based 
nanocomposites for gas adsorption applications. Our research hypothesis relies on the unexpected 
adsorption properties that will be given by sulfur configuration in a confined state. We chose elemental 
sulfur because in addition of being a highly abundant and non-toxic element, it is a waste by-product from 
the petrochemical industry which produces 70 million tons per year[1]. The resource is thus largely 
available and costless. Our studies should demonstrate the interest of using this resource to elaborate 
elemental S-based nanocomposites, and thus contribute to the development of a more virtuous economic 
approach at the ecological level.  
Among the available capture and storage technologies, adsorption is considered as a promising tool. 
Adsorption being a surface energy phenomenon, nanoporous materials (NPMs) have been extensively 
tested for such applications and zeolites, activated carbons, and MOFS are the main classes of adsorbents 
studied [2]. Enhancement of the interactions between gas molecules and the NPM is generally achieved 
through various surface modification techniques and among them Sulfur doping has been proposed as a 
promising alternative [3,4]. S-doped porous carbons are reported to exhibit a higher CO2 uptake capacity 
than their sulfur-free counterparts. These materials differ from the ones at the centre of this proposal in 
the way S is incorporated into the carbon. Indeed, in literature, the doping pathway involves either direct 
carbonisation of hetero-atoms containing carbonizable species (in-situ doping) or post-treatment of the 
porous carbon using specific chemical agents such as H2S and NH3. Various factors, such as oxidized S 
content or microporosity, would explain the enhanced CO2 adsorption capacity [5] but the adsorption 
mechanisms are still discussed. The formation of an acid-base interaction between acidic CO2 molecules 
and basic S-C functions and the strong dipole-dipole interaction between the large quadrupole moment 
of CO2 and polar site associated to S-functions are among the proposed mechanisms[6]. However, none 
of these mechanisms has been proven experimentally but in both of them S-groups are believed to play 
a paramount role in the initial interaction when CO2 is adsorbed on the surface.   
 

Previous work 
We investigated the energetics of the sulfur-carbon interaction [7]. Sulfur has been incorporated in meso- 
and microporous carbon by impregnation methods. Thermodesorption analyses enabled us to shown that 
sulfur is more strongly retained in micropores than in mesopores. Neutron vibrational spectra of the 
microporous Carbon (Cmicro) and of S@Cmicro composites were recently measured on IN1-Lagrange at 77K 
(experiment 6-07-115). The spectrum of microporous carbon is characteristic for the presence of H atoms 
chemisorbed at sp2 carbon sites and edges of C sheets [8]. Interestingly, the vibrational spectrum obtained 
for S@Cmicro composites suggests that S has a preferential H-site. 
 

 
Figure 1: Preliminary results. (a) Inelastic Neutron spectra measured at 77K on IN1-Lagrange on microporous carbon Cmicro and 

S@Cmicro composites (b) TEM-XREDS mapping showing that S is homogeneously distributed in Cmicro even for low loading.  (c) 
CO2 adsorption isotherms performed at 298 K, for Cmicro and for a S@NPC composite. Both affinity (low P) and adsorption 

capacity (high P) are improved in the presence of S. 



 
 


