
Abstract 

The cost-competitive synthesis of durable nanostructured catalysts is considered as one of the 

major goals for the development of the proton exchange membrane fuel cells (PEMFCs) 

technology 
[1]

. In our previous work we proved that the use of a nanostructured carbon 

support made of Hollow Graphitic Spheres (HGS), is beneficial for the catalyst durability, 

increasing the fuel cell lifetime 
[2]

. To improve the HGS manufacturability and to achieve the 

production volumes necessary for an extended in-situ testing of such catalyst, we need to 

revise the HGS synthetic approach. In particular, the transition from a batch process, currently 

employed in our lab-scale synthesis, towards a continuous process, more desirable in the case 

of a scaled-up production, is pivotal to envision a large-scale synthesis of such material. 

Here we report the synthesis of core-shell silica spheres carried out via a continuous process 

in a tubular reactor with a segmented gas-liquid slug flow. The non-porous core/mesoporous 

shell silica spheres (SiO2@mSiO2) can be employed as hard template in the first steps of the 

HGS synthesis. The production of SiO2@mSiO2 is performed in two separate steps 
[3]

: first 

SiO2 spherical particles are formed according to the Stöber process 
[4]

 and subsequently a 

mesoporous shell is grown onto the surface particles by means of a mixture of 

tetraethylorthosilicate (TEOS) and octadecyltrimethoxysilane (OTMS). The process 

parameters as well as the reactants composition have been varied to reach the optimal 

synthesis conditions. Our work shows that both the Stöber process and the synthesis of 

SiO2@mSiO2 particles can be carried out in a continuous manner, potentially leading to a 

large-scale production of high quality nanostructured materials. 
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