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Due to the increasing amount of glycerol by-produced with biodiesel, its upgrading by dehydration to
acrolein is driving much attention. This reaction can be catalyzed by various solid acid catalysts, which
have all in common that they deactivate by coking. We studied the possibility of in situ regeneration of
spent catalysts based on Keggin-type silicotungstic acid (STA - H4SiW12O40). Two samples were
prepared with 20 wt.% STA, the first one supported on bare SBA-15, and the second one supported on
SBA-15 in which 20 wt.% of ZrO2 nanoparticles were dispersed. The acidity of the catalysts was
determined by NH3-TPD and the thermal stability of the active phase was studied by TGA. The catalytic
performances were determined at 275 °C in a fixed bed down flow reactor. The STA/ZrO2/SBA-15
catalyst showed significantly increased long-term performance (69 % vs. 24 % yield in acrolein after 24 h
of reaction). Grafting with zirconia led to a decrease in the acid strength of the STA, which was assigned
to a modified electronic interaction between the active phase and the support, with further an increased
thermal stability of the active phase. Thanks to this latter property, STA decomposition during one-shot
regeneration of the catalyst by coke burning under air was suppressed, and the initial catalytic
performance could be essentially recovered. In contrast, over the ZrO2-free catalyst, the regeneration
step led to a significant loss in acrolein yield (30 %) due to thermal destruction of STA. As this
decomposition proceeds via the loss of constitutional water from the Keggin-structure, addition of water
in the regeneration feed enabled recovering a slightly higher yield in acrolein (42 %), due to equilibrium
displacement. Finally, cyclic regeneration of the catalyst was performed using iso-chronical cycles of 10
min for reaction and coke burning. The STA/ZrO2/SBA-15 catalyst exhibited then poor performances
(35 % yield in acrolein), which was explained by the longer activation period needed by this catalyst. On
the other hand, the non-grafted catalyst exhibited rather stable performances (74 % yield in acrolein),
without STA destruction. This was attributed to the shortness of the cycles, with thus only small amounts
cokes to be burnt, then preventing the formation of harmful hotspots during regeneration. At last, we
developed an integrated process for simultaneous reaction and regeneration, based on a Two-Zone
Fluidized Bed Reactor (TZFBR) technology we patented.
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