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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.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.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.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

. 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
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 13891215161720212325 Figure 1. Development cycle of a catalyst, after [1]
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 262729 Figure 26. Avantium FLOWRENCE TM unit T1504: a) External view, b) Unit arrangement, c) Single line sketch
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 424345474862 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 m 2 /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
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 646566676972737475 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)
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 8083 Figure 80. Flow chart for packed bed millireactors packed with glass spheres. The vertical red line represents the threshold of the Sie criterion [99]
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 87 Figure 87. Photography of a reactor with internal diameter Dr=4 mm packed with glass spheres of dp=2 mm
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 8993100101102104 Figure 89. Packed bed millireactors used for the study of the effect. Dr=4 mm, from left to right: dp=3, 2, 1 mm
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 105108 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)
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 110111112114115116117118119 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 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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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 n n n n 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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Table 13 . Inlet-outlet integrals losses. Dr=3 mm, L=9 cm, dp= 2x5 mm glass cylinders, Ql=2.
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