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ABSTRACT 

Understanding the deactivation process in porous catalysts is of tremendous economic significance. We 

demonstrate the feasibility of using the concentration polarization method to obtain the pore accessibility 

distribution at single particle level for the first time. By using this technique we could measure the pore blockage 

caused by Fe in fluid catalytic cracking particles as evidenced by correlating it to the activity. We expect this new 

single particle technique to increase our understanding of the deactivation processes occurring in porous catalysts. 
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INTRODUCTION 

Micro-nanoporous materials are used in many applications, such as energy conversion and storage, desalination 

and catalysis. Catalysts need their high porosity to increase the available surface area with active sites. Fluid cata-

lytic cracking (FCC) particles have a size between 50 – 150 µm and possess a heterogeneous pore network. They 

continuously cut long chain hydrocarbons into smaller molecules to produce gasoline and chemicals. FCC particles 

become deactivated by Fe, Ni and V. While Ni and V decrease the product yield by catalyzing side reactions, Fe is 

known to deactivate by blocking the pores at the first 2 micrometers from the surface. Several single FCC particle 

spectroscopic studies have been focused on measuring the catalytic activity [1] or the distribution of Fe, Ni and V 

[2], however, there is not yet an experimental method that physically demonstrates their pore blockage. 

There are different techniques used to measure nanoporosity, however pore accessibility is difficult to measure 

since it could be very heterogeneous within the particles. Concentration polarization occurs when current is passed 

through an ion-permselective matrix, and is used for desalination or to concentrate ionic solutions. Due to the sur-

face charge of the particles an electrical double layer (EDL) is formed and when the pores have a similar dimension 

as the EDL the transport through the pore becomes counter-ion selective. When the pore becomes completely 

blocked, the transport through becomes impossible. Many studies have focused on homogeneous porosity [3], while 

heterogeneous porosity is still under research. We propose to use the concentration polarization to probe pore block-

age at single particle level and verify it by comparing it to the catalytic activity. 

 

EXPERIMENTAL 

FCC particles were sorted into 5 different Fe content levels with a homemade magnetophoretic chip, increas-

ing from outlet 1 to outlet 5. Staining method: The catalytic activity of the sorted FCC particles was analyzed with 

furfuryl alcohol staining. The sorted FCC particles were dried for 5h at 600 C° (ramp of 5C°/min) and mixed with 

a 10 vol% furfuryl alcohol solution. A Nikon A1 confocal fluorescence microscope with a 561 nm laser was used 

to measure their fluorescence. Per outlet, the average fluorescence intensity of all particles was calculated.  
 Concentration polarization method: A solution with 10 mM Bodipy and 10mM PBS was used and a voltage 

difference of 80 V was applied from one inlet to the counter-outlet. A fluorescence filter and a Grasshopper3 GS3-

U3-23S6M high speed camera were used to record each experiment for 30 s. Sorted FCC particles were introduced 

in a PDMS chip consisting of 4 inlet/outlets pairs with channels 40 µm wide and 100 µm high, Figure 1a,b. In order 

to have a complete overview of the porosity of the particle, 2 particles per outlet were introduced in 2 different 

chips, and 4 measurements per particle in different directions were made. 25 s after the start of each experiment the 
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fluorescence intensity along the particle and in the electric field direction was analyzed and the highest intensity 

point was taken and averaged with all the experiments at each outlet, Figure 1c,d. 

 

 

 

 

 

 

 

Figure 1: (a) (b) PDMS chip were the particles were introduced, (c) example of a conc. pol. experimental result and (d) 

data got from the (c).  

RESULTS AND DISCUSSION 

Figure 2 shows the experimental results of both methods for low (1) to high (5) Fe content level, indicating a 

general good agreement. The non-linear relation between both methods and the deactivation due to pore blocking 

is induced by the Fe distribution. Outlets 3, 4 and 5 have more Fe but localized in small spots leaving the rest of the 

particle accesible for furfuryl alcohol. Small differences between both methods encountered in outlet 3 could be 

related to the interparticle heterogeneity found in the staining results in the mentioned outlet. Besides, the small 

difference in outlet 5 could be caused by the intraparticle heterogeneity due to big Fe spots located in these particles.  

  
Figure 2: (a) Average fluorescence intensity of furfuryl alcohol per outlet by measuring respectively 93,80,40,70,32 particles 

and (b) concentration polarization of sorted FCC particles. 

CONCLUSION 

We have demonstrated that concentration polarization results are correlated to furfuryl alcohol staining results. 

For the first time we have thus physically proven that catalyst deterioration is related to physical blocking of pores 

by accumulated Fe.  
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