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Axial backmixing of liquid phase in a trickle bed reactor for selective
hydrogenation of phenylacetylene

HU Jiawei, HUANG Binjie, CHENG Zhenmin, ZHOU Zhiming
(State Key Laboratory of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: Recovery of styrene from the Cg fraction of pyrolysis gasoline, a byproduct of steam cracking of
naphtha, has been recognized as a very promising approach to meet with increasing demand for styrene, and
selective hydrogenation of phenylacetylene is the key reaction during the recovery process. The present study
investigated the axial backmixing behaviors of liquid phase in a trickle bed reactor for selective hydrogenation of
phenylacetylene. The liquid-phase residence time distribution under various experimental conditions was first
measured by using a pulse tracer technique, and then Péclet number and average residence time of liquid phase
were determined by the finite element orthogonal collocation method and the Levenberg-Marquardt nonlinear
least-squares method. Finally, the effects of operation conditions on axial backmixing of liquid were studied.
Liquid backmixing could be reduced by increasing liquid flow rate, gas flow rate, temperature and pressure, but

would be exacerbated by increasing particle size.
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Fig. 1 Schematic diagram of experiment setup

1—tracer; 2—liquid feedstock; 3—hydrogen; 4—nitrogen; 5—metering
pump; 6—pressure regulator;7—massflow meter; 8—ball valve; 9—check
valve; 10—six-way valve; 11—reactor; 12—circulating water bath; 13—

waste tank; 14—back-pressure regulator
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Fig. 2 Differential unit of trickle-bed reactor
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time distribution
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Table 1 Statistical analysis of parameter estimates

Fig4 Parameter Estimated t-value 95% confidence
value interval
A eLtL/s 54.7 52.7 52.6—56.8
Pey, 37.5 259 34.5—40.5
B eLL/s 94.4 36.8 89.1—99.7
Pey, 72.7 13.2 61.4—84.0
C eLtL/s 98.5 45.7 94.1—102.9
Pey, 37.7 13.1 31.8—43.6
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Table 2 Variation of average residence time of liquid

phase with pressure

P/MPa &d &L eLty/s
0.5 0.30 0.335 18
1.0 0.42 0.455 25
3.0 0.58 0.615 33

Note:Based on data from Ref.[35], V=377 ml,F1=417 ml * min".
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