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Study on lean-combustion limit of toluene self-sustained combustion
over Cu-Ce-Zr-based catalysts
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(Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: The self-sustained combustion of toluene over the Cu-Ce-Zr based catalyst with different activity has
been carried out in a micro-tube with inner diameter of 4 mm. In the tests, it was shown that the lean-combustion
limits over CuCeo.75Zr0.250x-BC catalyst with the higher activity were less than that over CuCeo 7521025/ TiO catalyst
at the same flow rate, and the minimum of equivalence ratio (¢) was 0.024 under the flow rate of 200 mL/min. The
residence time of the mixed gas on the catalyst surface declined with the increasing of flow rate, making the highest
surface wall-temperature range shift to the back of catalyst bed. Toluene could maintain self-sustained combustion
even when the heat loss was as high as 91.9 %. Combined with the theoretical model, the heat transport of toluene
self-sustained combustion in micro-tube was calculated. The self-sustained combustion in a fixed-bed reactor was
realized with reducing the upper limit of temperature runaway’s impacts for the reactor and catalysts.
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Fig.1 Schematic of the experimental set-up for toluene self-sustained combustion in micro-tube
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Fig. 2 Experiment process of lean-combustion limits for toluene self-sustained combustion over CuCZ/T catalyst. (The filled/open
symbols illustrate the successful/failed self-sustained combustion.)
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Fig.3 Lean-combustion limits of toluene catalytic self-sustaining combustion over CuCZ-BC and CuCZ/T catalysts
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Table 1 Mean wall temperature of micro-tube for toluene catalytic self-sustained combustion under different flow rate

150 200 250 300 350
CuCZz-BC 406.9 397.3 409.8 4322 462.4
CuCz/IT 410.8 409.4 412.0  486.8 511.6
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Fig.6 Stability experiment for toluene self-sustained combustion
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Fig.7 Experiment of toluene self-sustained combustion in a fixed-bed reactor (¢=0.031)
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