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Highlights
e  Catalysts preparation and characterization for methanol synthesis reaction
e Experiments in a fluidized bed reactor system
e Segregation tests with a binary mixture of solids
e Simulation of reaction with continuous addition/removal of sorbent

1. Introduction

One of the main drawbacks of the direct conversion of CO; to methanol is the low yield of methanol per
step, due to the thermodynamic limitations in conventional reactors. Sorption-enhanced reactors (SER)
technology involves adding a sorbent to the reaction medium, which removes some of the products by
their adsorption from the reacting atmosphere. A wide review on reactors based in the removal of steam
has been published by van Kampen et al. [1]. A recent patent [2] has proposed to take advantage of the
segregation phenomenon in fluidized beds to achieve continuous feeding and removal of sorbent, and
thus to operate in a steady state. This work aims to verify, using real catalyst and sorbent mixtures, the
feasibility of obtaining suitable segregation of catalyst and sorbent in a fluidized bed. To this end, the
flotsam/jetsam concentration profiles will be experimentally determined in a fluidized bed at several
operating conditions. In addition, the feasibility of operating with continuous feeding and removal of
sorbent in a fluidized bed will be verified, studying operation variables that may affect the undesired
catalyst content in the sorbent outlet stream.
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The tests that were carried out lasted one hour.
We took samples of the solids leaving the
system every 10 minutes, to analyze the amount

of catalyst being lost from the bed by this stream Figure 1. Scheme of the system where solids
(outlet jetsam) segregation studies are carried out.



3. Results and discussion

Once the umr of the binary bed had been studied, we analyzed the segregation of solids in the bed. For
these tests the behavior of a 50% CZA — 50% SiOLITE® (v/v) bed mixture was experimentally checked
at different nitrogen flow rates, qo (i.e., different uo/umr ratios) to find the optimal segregation value,
which will be the one with the lowest mixing index, M./I. The results obtained are shown in Table 1.

Table 1. Mixing index after binary bed segregation tests at several gas flow rates

Binary bed mixture N> flow rate, qo (mL/min) Uy / Umf M.IL
531 1.00 0.95
664 1.25 0.55

(V) o () :
50% CZA — 50% SiOLITE® 797 130 042
929 1.75 0.38
1062 2.00 0.91

The plots of the mixing index against uo/umris shown in Figure 2a. It can be seen that there is a minimum
when working at a gas velocity around 1.75 times the umr of the mixture. That is, at those conditions the
segregation will be maximum, so the rest of the segregation tests will be studied with this ratio ue/ ums.
Figure 2b shows the final solids profile obtained under these conditions.
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Figure 2. Results from the binary bed segregation experiments with a 50 vol% CZA — 50 vol% SiOLITE®. a) Distribution
of mixing indices as a function of Up /ums. b) Profile of solids percentage for Uo /ums = 1.75.

4. Conclusions

The study of the fluid dynamics and segregation of the catalyst-sorbent binary mixture, considered the
key point in the development of the proposed concept, has been carried out successfully. Maximum bed
segregation has been achieved, with a mixing index M./1. = 0.38. This favors the correct operation of the
system with continuous addition/removal of sorbent, which, as indicated, had very few catalyst losses
during the tests carried out. Indeed, under optimal conditions catalyst content in the exit solid stream
less than 0.1% has been achieved.
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