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Introduction 

For the cement industry, reduction of the carbon dioxide emissions became one of the main objectives as carbon dioxide emitted in this case represents 30% of the total annual CO2 released by the industrial sector. In addition to CO2, formation and emissions of SO2, NOx, HCl, heavy metals, VOC and dust in the exhaust gases are inevitable. In order to reduce these harmful emissions, an option that is considered in this work is the CO2 Capture and Utilization (CCU) with its conversion into valuable products. This study investigates for the cement industry case, a CO2 purification process applied to an innovative combustion technology called “total oxyfuel combustion”. This combustion using pure oxygen as reactant, thus, requires a previous air separation step and leads to a high CO2 concentration, namely between 70 and 90%.

In the present work, by means of simulations with Aspen PlusTM V8.8, the CO2 Purification Unit (CPU) developed by Air Products for power plants [1] is here tested for cement plants. The CPU block is divided into three CO2 purification steps [2]. The gas is firstly desulfurized and denitrified in a double-column unit called “Sour-Compression Unit” or SCU (on which we are focusing in this work) where it is compressed to a high pressure (namely 15 bar in the first column and 30 bar in the second one) and purified counter-currently with water to remove SOx and NOx components by reactive absorption. Further treatments include a water adsorption step, and finally a separation step using either a distillation column or a double flash unit, to remove the residual inert gases. 
Development of the chemical mechanism for the SCU
The simplified chemical mechanism considered firstly for the SCU simulations includes the reactions of the SOx and NOx compounds without considering the interactions between these two species in the gas/liquid absorbers (Fig.1). A complete set of bibliographic data (Ajdari et al. [3]) revealed that SOx/NOx interaction reactions are the key parameters of this process and the pH level has a strong influence on the reaction pathway that occurs and the types of products that are formed in the liquid phase. Based on these studies, a more complete chemical mechanism elucidated in Fig.1 was implemented in our rate-based modelling taking into account deriving complexes from these SOx/NOx interactions. This chemical mechanism is composed by 27 reactions and was shown to provide satisfactory results with a first absorption column reducing the SOx concentration (De-SOx column) and the second one efficient relatively to the NOx concentration (De-NOx column).
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Fig.1. Complete SCU Chemical Mechanism for SOx and NOx absorption (reactions selected for 1<pH<4)

Parametric study and optimization of the SCU
Simulation results considering a composition of an outcoming flue gas from a cement industry applying an oxyfuel combustion showed that this SCU could be used to remove efficiently SOx and NOx recovering acid liquid effluents at the outlet of the columns. A parametric study has been conducted in a single column system, approach investigated previously by Iloeje et al. [4] in the case of power plants. The aim is to evaluate the influence of the variation of the different operating parameters, namely pressure, liquid flowrate, recycle ratio and column packing height, on the SOx and NOx removal performances. Examples of the sensitivity analysis of column height and recycle ratio are illustrated in Fig. 2 (the same conditions were taken in both cases). 
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Perspectives of this work
An optimization of the “single column” SCU for the cement plant case is currently under progress aiming to reduce the total material costs and energy requirements of the process.
References 
[1] White V. et al., Energy Procedia, 37, 1490, 2013.

[2] Meunier N. et al., Energy Procedia, 63, 6492, 2014.

[3] Ajdari S. et al., Ind. Eng. Chem. Res., 54, 4, 1216, 2015.
[4] Iloeje C. et al., Fuel, 160, 178, 2015.
Fig.2. Evolution of the abatement ratios of SOx and NOx components with the variation of the column height (a) 


and the recycle ratio (b).








