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Figure 1. Development cycle of a catalyst, after [1] 







Figure 2. Representation of reactors at different scales, after [7] 







Figure 3. Examples of parallel reactor systems. Left: after [1], right: 16 reactors Avantium 
FLOWRENCETM unit 





Figure 4. Packed bed representation 



Figure 5. Examples of beads positioning depending on  



Figure 6. Variation of the porosity profile with the distance from the wall expressed in particle 
diameters, after [15] 



Figure 7. Examples of cylinders positioning depending on  
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Figure 8. Minimum Pe number for the different levels of desired conversion according to the 
Mears-Gierman criterion [26] (first order reaction) 



Figure 9. Example of gas-liquid mass transfer scheme 

     



  





Figure 10. Examples of packed bed millireactors studied by (left to right): Papayannakos et al. 
[29], Marquez et al. [22], Šolcova and Schneider [13] 







Figure 11. Gas-liquid flow regimes in packed beds [30] 
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Figure 12. Packed bed millireactor section obtained via -tomography [19]. The glass beads 
appear in white, the heptane in grey and the gas in black 



Figure 13. Difference between the inlet and outlet concentration profiles caused by dispersion 
[32] 





 
  



Figure 14. Experimental data on axial dispersion for gas flow, Delgado et al. [25]. The dotted 
line represents Equation 11 



Figure 15. Experimental data on axial dispersion for liquid flow, Delgado et al. [25]. The 
continuous line represents Equation 11 

 

 
 



 
 



Figure 16. Model and experimental points matching for Šolcova and Schneider: spheres and 
cylinders case [13] 
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Figure 17. Estimated Pe number versus the gas to liquid superficial velocity ratio [29, 31]. The 
values reported in the legend are the liquid superficial velocities 







Figure 18. Effect of gas and liquid flow rates/velocities on the liquid holdup. System: 
hexane/nitrogen, porous spherical silica shell, P=3.1 and 35.5 bar [37] 



 
 



Figure 19. Variation of the liquid Pe number at different gas/liquid ratios (constant LHSV of 
0.75 h-1) and two different size of fines (ratio catalyst-diluent 1:1), after [9] 



Figure 20. Effect of fines adding in different proportions on the liquid holdup for different 
liquid mass flow rates (ug=1 cm/s, P=3.1 bar) [20] 



Figure 21. Variation of the liquid holdup with the liquid velocity for two different inert particle 
size (G/L volume feed ratio=500) [9] 





Figure 22. Example of the Single Pellet String Reactor packing [6] 

Figure 23. Temperatures to reach 10 mg sulfur/kg with and without inert powder in the bed, 
after [6] 



Figure 24. Exit sulfur concentrations for diluted/non-diluted beds at different temperatures, 
after [53] 



Figure 25. Effect of LHSV on the apparent rate constant of HDS for different sizes of diluents. 
T=340°C, H2/gasoil ratio=500 L/L [8] 





Table 1. Summary of the effects of the different parameters on dispersion and liquid holdup. 
G/S: gas-solid, G/L/S: gas-liquid-solid. 0 means no works, 1 means one work, 2 means some 

studies and 3 means abundant literature  



Table 2. Summary of the effects of porosity fillers on reactive performances. G/S: gas-solid, 
G/L/S: gas-liquid-solid. 0 means no works, 1 means one work, 2 means some studies and 3 

means abundant literature  
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Figure 26. Avantium FLOWRENCETM unit T1504: a) External view, b) Unit arrangement, c) 
Single line sketch  
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Figure 27. Examples of spherical particles positioning for different  (Dr/dp) values 





 

                  





Figure 28. RTD experimental setup scheme 



Figure 29. Evolution of the %He measured at the reactor outlet after a step change: three flow 
rates and five measurements for each flow rate. Reactor with L=8.8 cm, Dr=5.8 mm and 

dp=2x5 mm glass cylinders 



Figure 30. Fit of a reactor experimental curve using the axial dispersion model 
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in situ



Table 3. Ranges of operating conditions explored in the nC7 reforming 

Table 4. Ranges of operating conditions explored in the MCH dehydrogenation 



Figure 31. Summary of the literature data on dispersion in packed beds from Delgado [25], 
with the addition of our experimental data points. Grey: spheres, white: cylinders, black: 

spheres or cylinders + porosity filler 

 
 

  





Figure 32. Variation of the Bo number for reactors with Dr=7.75 mm and dp=1 mm spheres, all 
other parameters identical 



 Figure 33. Estimated Pe number and  for different values of . Reactors with Dr=7.75 mm, 
L=18.2 cm filled with spheres of different size. Grey: Pe number values for u=0.014 m/s. 

Black: Pe number values for u=0.028 m/s. White:  values. 



Figure 34. Pe number for aligned/randomly packed cylinders in a reactor with Dr=7.75 mm, 
L=18.2 cm and for two flow rates: 40 and 60 mL/min  



Figure 35. Variation of Dax (left) and Pe number (right) as a function of the gas superficial 
velocity. Reactors with L=18.2 cm and Dr=7.75 mm, packed with spheres of different size 





Figure 36. Pe number against void fraction. Reactors with Dr=7.75 mm, L=18.2 cm, u=0.014 
m/s and packed with spheres of 5 mm and different types of porosity fillers. D means “dense 

packing”, obtained repeating three times the step 3 of the packing protocol   



Figure 37. Pictures of ZirBlast® on the left, SiC on the right 

Figure 38. Porosity filler effect on the Pe number. Reactor with Dr=7.75 mm, L=18.2 cm and 
dp indicated in the x axis. Q=40 mL/min 



   

 
  





 Table 5. The two set of constants (best fit and conservative fit) for the model in Equation 31 
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Figure 39. Differences in conversions between the reactors packed with catalyst extrudates + 
porosity filler and the reactors packed with only catalyst extrudates. n-heptane reforming, 

Dr=2, 3 and 4 mm. E=Extrudates, S=SiC, Z=ZirBlast®. The dotted line indicates the 
confidence interval (±1.0%) 



Table 6. Results for n-heptane reforming performed with catalyst extrudates. Reference: 
packing without powders. Empty cells mean no test. +: statistically significant increase in 

conversion when adding this type of powder 

n





Figure 40. Differences in conversions between the reactors packed with catalyst beads + 
porosity filler and the reactors packed with only catalyst beads. n-heptane reforming, Dr=3 and 
4 mm. B=Beads, S=SiC, Z=ZirBlast®, the number indicates the powder size in m. The black 

dotted line indicates the confidence interval (±1.0%) 

Table 7. Results for n-heptane reforming with spherical catalyst. Reference: packing without 
powders. Empty cells mean no test. +: statistically significant increase in conversion when 

adding this type of powder  

n





Figure 41. Differences in conversions between the reactors packed with catalyst extrudates + 
porosity filler and the reactors packed with only catalyst extrudates. Methylcyclohexane 

dehydrogenation, Dr=2 and 4 mm. E=Extrudates, S=SiC, Z=ZirBlast®, the number indicates 
the powder size in m. The black dotted line indicates the confidence interval (±1.0%) 

n

Table 8. Results for methylcyclohexane dehydrogenation with catalyst extrudates. Reference: 
packing without powders. Empty cells mean no test. +: statistically significant increase in 

conversion when adding this type of powder 
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Figure 42. Mesh convergence on the Pe number as a function of the millions of cells for three 
background cell densities. L = 50 mm, Dr = 7.75 mm, dp = 4 mm, u = 0.0272 m/s and Dm = 10-6 
m2/s. Blue diamonds: 27 bpd, red squares: 54 bpd, green triangles: 80 bpd. All the points of the 

same color and shape correspond to meshes of same bpd but different level of refinement on 
particles, walls and in small gaps. Chosen mesh: green triangle with the smallest number of 

cells

snappyHexMesh



Figure 43. Cut of the mesh obtained with the final meshing strategy. Dr=7.75 mm, dp =5 mm



Figure 44. Example of M1 and M2 evolution along the bed. Dr = 7.75 mm, dp = 5 mm, u = 
0.0272 m/s and Dm = 7.5x10-5 m2/s



Figure 45. Validation of the workflow by comparing the Bo number values of simulations and 
experimental work. Dr = 7.75 mm. Comparison for different values of u and 



Figure 46. Our CFD results (in blue) compared to Šolcova and Schneider (in black) [13] 



in silico



Figure 47. Pe number evolution along the bed axis for two different molecular diffusivity 
values: A) Dm = 8x10-5 m2/s, B) Dm = 10-6 m2/s. Dr =7.75 mm, dp = 5 mm



Table 9. Packing structures for chosen values of . Particles are in white and the fluid zone is 
colored by velocity magnitude (red = fastest flow, blue = slowest flow, the scale is different for 

each case)



Figure 48. Void fraction as a function of  in packed beds of spheres measured by DEM (blue 
diamonds) compared to the Dixon correlation (red straight line) [15] 



Figure 49. Comparison between radial void fraction profiles measured experimentally [98], 
Mueller correlation ([15], Equation 2) and our DEM results 

 



Figure 50. Evolution of Pe number against  for various superficial velocities and molecular 
diffusivity values. Dr = 7.75 mm, L = 10.73 cm





Figure 51. Velocity magnitude in cross sections as function of the  value. The cross sections 
pass through a sphere center. The symmetry plane is indicated with a dashed line. u=0.0272 

m/s, Dr=7.75 mm, Dm=7.5x10-5 m2/s. Red = fastest flow, blue = slowest flow 





Figure 52. Evolution of the Bo number against Pem for various superficial velocities, 
molecular diffusivities, and bed geometries. A) 1.87< <2.4 + 2.7< <3.3, B) 2.4< <2.7 + 

=3.37, C) 1.03< <1.87. Dr= 7.75 mm 



 



Figure 53. Evolution of the Pe number and bed length against  for reactors made of 100 
particles of diameter dp=3 mm and for a flow rate 8x10-7 m3/s. The equation shown in the 

figure is a power law interpolating curve of the Pe number points

 



 



Figure 54. A) Plots of Pe number as function of the length in the reactor for two repeats of the 
same numerical experiment (both beds are made with the same beads and are different). B) Pe 

number variation for the six cases and for four bed lengths. Dm=10-6 m2/s



Figure 55. Case 2 - Left axis (red, dashed line): Pe number evolution. Right axis (blue): 
Evolution of the Pe number increment Pe as a function of reactor length (dz = 4 mm). 

Dm=10-6 m2/s









Figure 56. Comparison of packings when using porosity fillers of 160 m (left) and 328 m 
(right) in diameter



Figure 57. Comparison of three different background average mesh cell size (55 m: red 
squares, 37 m: green triangles, 27.5 m: blue diamonds) based on the Pe number profile 

along the bed



Figure 58. Mesh resolution in presence of porosity filler



Figure 59. Velocity fields with and without porosity filler in different cross sections of the bed



Figure 60. Pe number profiles in the reactor with and without porosity filler. z = 0 is 1 mm 
before the first sphere. The green vertical lines indicate the larger bead centers 



Figure 61  Velocity field in a transverse reactor section showing bypasses near the contact 
points. z=1.8 mm



Figure 62. Effect of the empty length after the packing on the Pe number evolution in the bed. 
A) Without porosity filler, B) with porosity filler. Red squares: 0.55 cm of void, black 

diamonds: 1.25 cm of void



Figure 63. Pe number evolution along the bed length for a reactor Dr=4 mm packed with 3 mm 
particles. Blue diamonds: bed composed of only four beads, red squares: longer bed. The 

empty domain downflow the bed composed by the four beads is 0.55 cm.





Figure 64. A) Comparison of five different background average mesh cell size mesh: averaged 
concentration profiles along the bed. B) Representation of the chosen mesh (20 m)



 



Figure 65. Concentration profiles. Only the second bead is « active ». Dm=10-7 m2/s, u=0.0272 
m/s. A) Axial cuts. Dark blue c=0, red c=1. B) Averaged concentration profiles (blue 

diamonds: porosity filler, red squares: no porosity filler)



Figure 66. Averaged concentration profiles for four values of molecular diffusivity. u=0.0272 
m/s, only one bead active. Blue diamonds: porosity filler, red squares: no porosity filler



Figure 67. Averaged concentration profiles for Dm=10-5 m2/s and u=0.272 m/s. Only one bead 
active. Blue diamonds: porosity filler, red squares: no porosity filler

 



Figure 68. kgs as a function of Dm when only the 2nd bead is active. Packings with (black 
points) and without (white points) porosity filler. Two superficial velocities tested: 0.272 m/s 

(circles) and 0.0272 m/s (squares)



Figure 69. Sh number as a function of Dm when only the 2nd bead is active. Packings with 
(black points) and without (white points) porosity filler. Two superficial velocities tested: 0.272 

m/s (circles) and 0.0272 m/s (squares)



 

Table 10. Sh number and kgs compared when 1 or 2 beads are « active »



Figure 70. CFD derived Sh numbers compared those obtained with the equation of Wakao et 
al. [85] 



Figure 71. CFD derived Sh numbers compared those obtained with the Ranz-Marshall 
equation [28] and re-optimized coefficients for the Re and Sc number 

 

Table 11. Recalculated exponents for the Re and Sc number 
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Table 12. nC7 and iC16 properties 
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Figure 72. G/L/S experimental setup scheme: A) Before the switching B) After the switching 



n



Figure 73. Refractive index variation with the %vol of iC16 in the mixture 
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Figure 74. Result of the axial dispersion coefficient optimization method. Dr=3 mm, dp=2 mm 
glass beads, L=9 cm, Ql=2.92 mL/h, G/L ratio=60 





Figure 75. Example of a reactor experimental outlet curve obtained in case of pulsed flow. 
Dr=4 mm, dp=3 mm, L=9 cm, Ql=10.72 mL/h, G/L ratio=25  



Table 13. Inlet-outlet integrals losses. Dr=3 mm, L=9 cm, dp= 2x5 mm glass cylinders, Ql=2.92 
mL/h, G/L ratio=30. In yellow, the points in which the difference is between -5 and -10%, in 

red the points in which the difference is above -10% 



Figure 76. Experimental data of four consecutive pulses performed on a reactor with Dr=4 
mm, L=9 cm, Ql=2.92 mL/h, G/L ratio=30 and packed with ZirBlast® powder 300-400 m. The 
numbers in red indicate the % of difference of the integrals of the outlet and inlet experimental 

curves  

Figure 77. Zoom on the second pulse performed on a reactor with Dr=4 mm, L=9 cm, Ql=2.92 
mL/h, G/L ratio=30 and packed with ZirBlast® powder 300-400 m  



Figure 78 Experimental data of three consecutive pulses performed on a reactor with Dr=3 
mm, L=9 cm, Ql=2.92 mL/h, G/L ratio=30 and packed with ZirBlast® powder 300-400 m. The 

numbers in red indicate the % of difference of the integrals of outlet and inlet experimental 
curves  



Figure 79. Example of fitting of the axial dispersion model when porosity fillers are used. Red 
curve: experimental points, blue curve: model. A) SiC 300-400 m B) ZirBlast® 300-400 m. 

The model output has a higher “integral” but the same average residence time as the 
experimental one 





 

Table 14. Results of the reproducibility of consecutive pulses 

Mean 
Relative error

Mean 
Relative error

Mean 
Relative error
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Figure 80. Flow chart for packed bed millireactors packed with glass spheres. The vertical red 
line represents the threshold of the Sie criterion [99] 





Figure 81. Bo–ReL expected correlation for trickle flows and single phase flows [26]



Figure 82. Examples of Bo numbers found in literature for packed bed millireactors. A) 
Marquez et al. [22], B) Van Herk et al. [31], C) Charles Bonnin thesis work  [24]. Re<1 





Figure 83. Start-up protocol effect on liquid holdup (A) and Pe number (B). Reactor with Dr=3 
mm, dp=2 mm spheres, L=9 cm. Ql=2.92 mL/h, G/L ratio=60. Red: no porosity filler, blue: SiC 

300-400 m porosity filler 



Figure 84. Start-up protocol effect on liquid holdup. Reactor with Dr=2 mm, dp=1.6x5 mm 
cylinders in metal, L=9 cm. Ql=2.92 mL/h, G/L ratio=60 

 



Table 15. Reactors and packings for the gas and liquid velocities effect exploration 



Figure 85. A) Liquid holdup and B) Pe number variation with the liquid superficial velocity. 
Various G/L ratios. In the graph B) the points marked with red borders represent the Pe 

number calculated with the first and second order moments method, the points not marked 
represent the Pe number calculated with the axial dispersion model 



Figure 86. A) Liquid holdup and B) Pe number variation with the G/L ratio. Various liquid 
flow rates. In the graph B) the points marked with red borders represent the Pe number 

calculated with the first and second order moments method, the points not marked represent 
the Pe number calculated with the axial dispersion model 



Figure 87. Photography of a reactor with internal diameter Dr=4 mm packed with glass 
spheres of dp=2 mm 



Figure 88. A) Liquid holdup and B) Pe number variation with the reactor length. Black: L=9 
cm, white: L=15.5 cm. Dr=4 mm, dp=2 mm, Ql=2.92 mL/h, G/L ratio=30. MOMENTS: Pe 

number calculated with the method of the moments, MODEL: Pe number calculated with the 
axial dispersion model.  



Figure 89. Packed bed millireactors used for the study of the  effect. Dr=4 mm, from left to 
right: dp=3, 2, 1 mm 



Figure 90. A) Liquid retention and B) Pe number variation with the =reactor/particle 
diameter ratio. Model: Pe number calculated with the axial dispersion model. Moments: Pe 
number calculated with the method of the moments. L=9 cm, Ql=2.92 mL/h, G/L ratio=30 



Figure 91. The polydispersed spheres packing. Dr=4 mm, dp=2 and 3 mm glass spheres and 2.3 
mm ZirBlast® spheres 



Figure 92. Packed bed millireactors used for the study of the non-porous particle material 
effect (Dr=4 mm). On the left dp=1 mm ZirBlast®, on the right dp=1 mm glass 

n

Table 16. Liquid holdup and Pe number obtained varying the particle material. Dr= 4 mm, 
dp=1 mm, L=9 cm. Liquid flow rate: 2.92 mL/h, G/L ratio=30 





Figure 93. The single pellet string reactor tested: Dr=3 mm, dp=2x5 mm glass cylinders and 
L=9 cm 



Figure 94. A) Liquid holdup and B) Liquid retention when adding porosity fillers. Dr=3 mm, 
dp=2x5 mm glass cylinders + porosity fillers, Ql=2.92 mL/h, G/L ratio=30. 

Figure 95. A) Pe number and B) Bo number variation when adding porosity fillers. Dr=3 mm, 
dp=2x5 mm glass cylinders + porosity fillers, Ql=2.92 mL/h, G/L ratio=30. 

 



Table 17. Effect of porosity fillers on liquid holdup and Pe number

Table 18. Effect of the liquid and gas flow rates on a reactor packed with porosity filler 







Figure 96. Representation of the -methylstyrene (AMS) to cumene hydrogenation reaction 

in situ 
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Figure 97. A) Reactors used for the isothermicity test B) Conversions for the single bed reactor 
(E = extrudates) and the split bed reactor (ES, S = split). Operating conditions: T=60°C, 

Wl=2.5 g/h, m=50 mg, N2/H2=0  



Table 19. Reactors and particles tested in the AMS hydrogenation experiments. Green cells 
mean that the combination has been tested. E: quadrilobe extrudates, B-: beads 2<dp<2.8 mm, 

B+: beads 2.8<dp<4 mm 







Figure 98. Conversion against time on stream for two experiments performed with catalyst 
quadrilobe extrudates. EB: extrudates elongated bed, S: SiC, Z: ZirBlast®. The numbers in the 

legend indicate the porosity filler size in m (if present) and the reactor number in the unit



Figure 99. Effect of the temperature on the conversion. A) Dr=2 mm, N2/H2=0.5, mcat=50 mg, 
Wl=2.5 g/h, catalyst quadrilobe extrudates + porosity fillers. B) Dr=4 mm, N2/H2=0, mcat=100 

mg, Wl=2.5 g/h, catalyst beads 2<dp<2.8 mm + porosity fillers. B=Beads, E=Extrudate 
quadrilobes, EB=Extrudates elongated bed, S=SiC, Z=ZirBlast®. The numbers in the legend 

indicate the porosity filler size in m  



Figure 100. Apparent activation energy estimated values, for the different packings, according 
to the differences in conversion observed (Figure 99). A) Dr=2 mm, N2/H2=0.5, mcat=50 mg, 
Wl=2.5 g/h, catalyst quadrilobe extrudates + porosity fillers. B) Dr=4 mm, N2/H2=0, mcat=100 

mg, Wl=2.5 g/h, catalyst beads 2<dp<2.8 mm + porosity fillers. S=SiC, Z=ZirBlast®



Figure 101. Effect of the hydrogen partial pressure on the conversion. A) Dr=2 mm, T=60°C, 
mcat=50 mg, Wl=2.5 g/h, catalyst quadrilobe extrudates + porosity fillers B) Dr=4 mm, T=70°C, 

mcat=100 mg, Wl=2.5 g/h, catalyst beads 2<dp<2.8 mm + porosity fillers. B=Beads, S=SiC, 
Z=ZirBlast®. The numbers in the legend indicate the porosity filler size in m 

 



Figure 102. Example of a Dr=2 mm reactor packed with catalyst quadrilobes  



Table 20. Operating conditions for the tests performed in the 2 mm reactors packed with 
catalyst quadrilobes. The test name indicates the reactor diameter in mm (2), the catalyst 

particles used (E) and the test number 



Figure 103. Conversion against time on stream for the Test D2E/1. Each analysis cycle 
includes the 8 reactors tested. Z= ZirBlast®. The number in the legend indicates the porosity 

filler size in m. The labels on the data indicate the reactor number. H2/HC=250 NmL/L if not 
indicated 



Figure 104. Conversion data for: A) Test D2E/2 as function of the porosity filler diameter (for 
sieved powders, the mean between the sieving extremes has been considered as particle 

diameter), B) Test D2E/3 as function of the N2/H2 ratio. EB=Elongated Bed, ZB= ZirBlast®.  



Figure 105. Examples of -tomography pictures showing zones without residual gas 
(unpublished results). Yellow: gas phase, dark grey: liquid, grey: spherical glass beads (or 

trilobic catalyst) 



Figure 106. Comparison of elongated and normal beds for different N2/H2 ratios using 60 m 
porosity fillers (Test D2E/3). A) Porosity filler: ZirBlast®, B) Porosity filler: SiC. 

EB=Elongated Bed, ZB= ZirBlast®. T=60°C 



Figure 107. Left: Example of a Dr=4 mm reactor packed with catalyst quadrilobes. Right: 
Example of a Dr=4 mm reactor packing packed with catalyst quadrilobes in which the bed 

length has been elongated with inert alumina   

Table 21. Operating conditions for the tests performed in the 4 mm reactors packed with 
catalyst quadrilobes. The test name indicates the reactor diameter in mm (4), the catalyst 

particles used (E) and the test number 





Figure 108. Comparison of normal and elongated beds (Test D4E/1): A) No porosity filler, B) 
Porosity filler: ZB. EB=Elongated Bed, Z and ZB=ZirBlast®. The numbers in the legend 

indicate the porosity filler size in m (if present) 
 
 



Figure 109. A) Porosity filler effect for normal beds and elongated beds (Test D4E/1), B) 
Packing particle diameter effect on elongated beds (Test D4E/2). For sieved powders, the mean 

between the sieving extremes has been considered as particle diameter. For the case without 
porosity filler an equivalent sphere diameter has been considered ( 2 mm). EB=Elongated 

Bed, Z and ZB=ZirBlast®. The numbers in the legend indicate the porosity filler size in m (if 
present). 



Figure 110. Examples of Dr=4 mm reactors packed with 2-2.8 mm sieved catalyst beads. On 
the left: mean particle size closer to 2.8 mm. On the right: mean particle size closer to 2 mm  



Table 22. Operating conditions for the tests performed in the 4 mm reactors packed with 2-2.8 
mm catalyst beads. The test name indicates the reactor diameter in mm (4), the catalyst 

particles used (B-) and the test number 





Figure 111. Conversion for the different packings of the Test D4B-/1. ZB=ZirBlast®. The 
numbers in the legend indicate the porosity filler size in m (if present)





Figure 112. Porosity filler size and shape effect for the Test D4B-/2 and 2bis. Black triangles: 
SiC, white circles: ZirBlast®. N2/H2=0, T=70°C 



Figure 113. Examples of Dr=4 mm reactors packed with 2.8-4 mm sieved catalyst beads 

Table 23. Operating conditions for the test performed in the 4 mm reactors packed with 2.8-4 
mm catalyst beads. The test name indicates the reactor diameter in mm (4), the catalyst 

particles used (B+) and the test number 





Figure 114. Effect of the packing particle diameter on the conversion. For sieved powders and 
particles, the mean between the sieving extremes has been considered as particle diameter (3.4 

mm for the catalyst beads). Grey circles: no porosity filler, white circles: ZirBlast® porosity 
filler, black triangles: SiC porosity filler 

 



Table 24. Operating conditions for the tests performed in the 3 and 4 mm reactors packed with 
2-2.8 mm catalyst beads 



Figure 115. Comparison of the conversions obtained using catalyst beads 2<dp<2.8 mm in 
Dr=3 vs 4 mm reactors. N2/H2=0.5. Grey circles: no porosity filler, white circles: ZirBlast® 150-

200 m porosity filler 





Table 25. Porosity filler effect on the performance of the -methylstyrene hydrogenation 
reaction 









Table 26. Summary of the results found for the different operating conditions of packed bed 
millireactors. – and + indicate respectively a bad or good evaluation for the aspect in exam 
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Figure 116. Carbon balance against the time on stream for two different reactor packing 
protocols. Reactors with Dr=4 mm. A) Only 3 cm filled with inert particles above the catalytic 

bed, B) The whole reactor above the catalytic bed is filled by inert powder and glass socks 



Figure 117. Example of deviation from the axial dispersion model in case of powder addition 
to the bed. Reactor with Dr=7.75 mm, L=18.2 cm, dp=5 mm. A) No powder is used, B) Powder 

(SiC 0.2 mm) is used as porosity filler 







Figure 118. Evolution of the Bo number against Pem for three values of superficial velocities 
and various molecular diffusivities. =1.55 





Figure 119. Evolution of Pe number and bed length against  for a fixed reactor diameter 
Dr=7.75 mm and fixed flow rates (1.28x10-6 m3/s in dark grey and 6.4x10-7 m3/s in light grey). 

The length is adjusted to have the same volume of beads in all the reactors ( 2.53 mL)
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