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Periodic reactor operation for parameter estimation in catalytic heterogeneous kinetics. Case study for ethylene adsorption on Ni/AbO 3

Introduction

Periodic operation of chemical reactors has been of interest to chemical engineers in the last few decades, as it allows in certain cases to increase the reactor performance (Silveston et al., 1995). More recently, the importance of reactor/reaction dynamics has been stressed in the area of renewable resources where large flue tuations in flow and gas composition can occur (Katz et al., 2017). At the laboratory level, periodic operation of a catalytic reactor allows to get more detailed insight into the reaction mechanism and better parameter estimates of the underlying reactions
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The transfer function of the whole reactor system in the fre quency domain becomes (with s jw):
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The following expressions are then used to obtain the gain and the phase shift:
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The corresponding expressions of phase shift and the gain are given in Table 2. Both the expressions for the gain and phase shift contain the individual adsorption and desorption rate constants, as well as the number of active sites. They also depend on the overall residence time in the catalytic reactor. Note that the gain and the phase shift are defined between the flow at the reactor inlet and outlet.

The expressions of the gain and the phase shift for several cases are reported below (Table 2).

The real benefit of this method is that an analytical expression allows to directly extract the parameters from the transient exper iments. The method can also be applied for more complicated reac tions. However, these expressions are not always easy to obtain, especially for more complicated reaction networks. Therefore another more versatile methodology will be preferred.

Frequency analysis

The numerical solution of the differential equations in the time domain is a very versatile method, but it implies to run the code for each frequency tested. In order to evaluate the response of the sys tem as a function of the frequency, multiple runs are thus neces sary, which will become very time consuming. An alternative method is to perform the estimation of the gain and the phase shift using a frequential resolution. This methodology consists of obtaining a numerical steady state solution and then of estimating the system response to an excitation in the form of an oscillation for a predefined frequency range. The mathematical development will then lead to a complex valued linear system.

Under dynamic operation, the model can be written as:
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where y ! is the vector of parameters to be calculated (in our case, the concentrations)

y E
! is the vector of the inlet parameters

x ! is the resulting perturbation vector on the parameters The following linearization of the system can be performed:
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It can be thus written using a matrix formalism:
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where J and B are the following Jacobian matrixes:

Table 2 Analytical expressions for the gain and phase shift for several cases. 

Molecular adsorption without mass transfer limitations
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  chemical reactors has usually been analyzed for a potential gain in performance. However, at the laboratory scale, periodic operation of a catalytic reactor can be used for kinetic studies with better parameter estimation, which is inherent to transient kinetic studies. Different mathematical methods are developed and compared in this study to simulate and model con centration cycling in a fixed bed catalytic reactor. Different cases including dissociative and rnolecular adsorption are considered with or without external and internai mass transfer limitations. The analysis of these cases gives information on the contribution of the different parameters on the phase lag and gai n loss. This information can be used to better plan experimental kinetic studies. Ethylene adsorption over a Ni{AhO3 catalyst has been studied experimentally in a dedicated set up with a high speed Infrared analyzer capable of analyzing the outlet gas mixture with a data acquisition frequency up to 30 Hz. The data are modeled with one of the analytical expressions developed in this work to estimate the equilibrium adsorption constant

  the vector of the perturbations performed on the inlet parameters of steady state values of the parameters After steady state values have been calculated, the only param eters to be solved are the components of x ! :