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The removal and subsequent utilization of carbon dioxide (Carbon Capture and 

Utilization) requires an efficient separation technology and preferably a supply of highly 

concentrated CO2. Concentrated sources, e.g. the exhaust streams of cement, syngas, 

or power plants provide CO2 at high temperatures (>300°C) for further utilization. 

Sorbent processes, e.g. chemical looping with calcium oxide as high temperature 

CO2-adsorbent, require additional capital and energy for subsequent desorption of 

CO2. 

This work presents a novel approach for separating CO2 continuously at high 

temperatures. Dense ceramic membranes selective for CO2 are particularly 

advantageous for this application. 

The membrane layer consists of Hydrotalcite, an Al/Mg Layered Double 

Hydroxide (LDH) and meets the requirements. This material has been characterized 

comprehensively for CO2 adsorption at high temperatures by pressure swing 

adsorption [1]. However, synthesis of robust active membrane layers remains critical. 

This work presents a way to manufacture a CO2-selective membrane where the active 

layer has a strong adhesion to the support material with the LDH-crystals in the 

magnitude below microns. 

In order to achieve strong permanent adherence of the membrane layer to the support 

material, using the support material for both, mechanical stabilization and as the 

substrate for one compound of the active membrane layer, was most beneficial. The 

LDHs contain alumina as one compound in the brucite-like layer. Therefore, a 

γ-Al2O3 layer is deposited onto the microporous α-Al2O3 support as alumina source by 

a Sol-Gel process in the first step [2, 3]. Subsequently, a combination of urea 

decomposition reaction and a synthesis of LDHs with intercalated methoxide is carried 

out. This approach combines the advantage of the temperature controlled 

decomposition of urea to provide a slow supersaturation for the precipitation of LDHs 

with a highly positively charged brucite-like layer and the small crystallite size produced 

by the intercalation of methoxides by using methanol. [4, 5] 



So produced membrane layers are depicted in Figure 1 where the active separation 

layer is 1 µm thick and adheres strongly to the graduated corundum (α-Al2O3) support. 

The membrane synthesis will be presented and discussed in detail.  

 

 

 

 

 

 
 

 

 

 

Furthermore, the characterization of the synthesized membranes will be addressed. 

The experimental setup for the characterization of the synthesized membranes, a 

membrane reactor with temperature resistant sealing up to 500°C and pressure 

differences up to 10 bar, will be explained. 

Eliminating pinholes and cracks, changing the active layer thickness and the synthesis 

parameters (reaction time and temperature, support structure) as well as altering the 

composition of the LDH (i.e. the Al/Mg-ratio) are items of ongoing research.   
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Figure 1: Scanning electron microscopy cross section image of the active LDH layer on a graduated α-Al2O3 support 
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