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Scientific Achievement 
A new approach for modeling carbide-derived 
carbons (CDCs) with residual metal has been 
developed.
Significance and Impact
To date, no modeling of CDCs with residual metal 
have been developed. This tool can now provide 
important insights into the way in which residual 
titanium within the CDCs influences structural 
composition and gas adsorption. 

Research Details
– Modified atomistic structures based on a silicon carbide derived-carbon (SiC-CDC) model to generate a model for 

studying titanium carbide derived-carbons. 
– SiC-CDC structure modified by (i) removing carbon, (ii) adding carbon and (iii) adding titanium.
– TiC-CDC system with residual titanium is modeled as a weighted combination of pure carbon CDC structures, CDC 

structures with titanium and a TiC crystalline structure. 
– TiC-CDC model is able to produce both structural properties and adsorption isotherms in agreement with 

experimental data.
– Analysis of modeling results suggests that titanium accessible to CO2 at the transitional interface between bulk TiC

and fully etched CDC may provide significant interaction sites for CO2 and lead to more efficient gas interactions.

Presenter
Presentation Notes
Carbide-derived carbons (CDCs) form a family of porous carbon materials derived from carbide precursors that are transformed into pure carbon via physical or chemical processes. They range from extremely disordered to highly ordered structures. Most studies of CDCs to date focused on fully etched samples. An incomplete etching of carbide precursors in experiments leads to CDCs with residual metal within the material that may provide potentially strong interaction sites. A focused investigation of the effect of CDC structures with residual metal is thus warranted, and ongoing. In parallel with experimental studies, atomistic modeling and theoretical characterization of these porous structures have the potential to provide vital insights into the topology and morphology of carbon structures at microscopic scales that are usually unavailable directly from experiments. Here we demonstrate a new approach developed for modeling titanium carbide derived-carbon (TiC-CDC) systems with residual titanium by the generation of modified atomistic structures based on a silicon carbide derived-carbon (SiC-CDC) model and the application of weighted combinations of these structures. Our modeling is able to produce both structural properties and adsorption isotherms in accordance with experimental data from samples produced by three reactors: a flow-over horizontal-bed reactor, a flow-through packed-bed reactor and a fluidized-bed reactor. The simulation results matched experimental data more accurately as the residual titanium loadings increased in the systems. Furthermore, the fractions of weightings of models were also found to be consistent with different samples produced by the three experimental reactors. Due to the presence of the titanium, the interfacial regions are also found to be more efficient for gas adsorption than fully etched CDCs. These predictions by the simulations are difficult to observe directly in the experiments, and the comparison of the simulations and experimental data is a powerful approach to extracting these insights. Thus, this work proposed a new approach for modeling of TiC-CDCs with residual titanium based on weighting the results of different models. The agreement between this approach and experimental results provides insights on the compositions of such CDC systems with various residual metal loadings. It also indicates the applicability of this approach to the study of structural modeling and gas adsorption in other residual metal-based porous structures.



Modifications of base SiC-CDC model employed to generate 
TiC-CDC model

SiC-CDC model used as the original 
structural model (a)

Three models studied, based off of 
modifications of SiC-CDC base model: 

Type 1 - removal of carbon atoms from 
the structure (b)
Type 2 - addition of carbon atoms to 
the structure (c) 
Type 3 - addition of Ti atoms or 
clusters to the structure (d)

Bulk crystalline TiC model also used to 
reflect residual TiC remaining in 
etched materials.



Distinct Phases of Etched Carbides Requires Weighted 
Combination of Different Systems to Model TiC-CDC
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Type 3 (TiC-CDC) model alone does 
not match experimental data 
assume 3 regions of TiC-CDC system: 

(1) Unreacted TiC (bulk TiC)
(2) Fully etched CDC (Type 1, Type 2)
(3) Interfacial region (Type 3)



Weighted Models Produce Structural Properties and 
Adsorption Isotherms in Agreement with Experimental Data

The fraction of different models in the systems accurately reflects the structural differences in 
experimental TiC-CDC materials.



Simulation Data Allows for Extraction of Adsorption 
Contributions from Different TiC-CDC Regions

The interfacial region (Type 3) has higher adsorption loadings than the 
fully etched region (Type 1 and Type 2) per unit surface area 
Suggests the interfacial region is more efficient for CO2 gas adsorption
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