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Forced periodic operations, as a potential way of process intensification, have been known and
investigated for decades. Most investigations in this area are dealing with forced periodic
operations of chemical reactors [1].
In our previous research, we have developed a new, nonlinear frequency response (NFR)
method, as a fast and easy analytical method for evaluating the performances of forced
periodically operated chemical reactors. The NFR method is mathematically based on Volterra
series, generalized Fourier transform and the concept of higher-order frequency response
functions (FRFs). The NFR method gives an answer whether and in which cases it would be
possible to achieve process improvement by periodic modulation of one of more inputs, and
also gives an estimate of the magnitude of that improvement. In order to apply the NFR method
it is necessary to derive the asymmetrical second order (ASO) frequency response functions
(FRFs), which correlate the DC component (non-periodic term) of the output of interest to the
modulated input(s). The NFR method also enables determining the optimal forcing parameters
which should be used in order to achieve the highest possible improvement by periodic
modulation of one or more input(s) (the shape of the periodic input modulation(s), the forcing
frequency, the forcing amplitude(s) and, for simultaneous modulations of two inputs, the phase
difference between them)[2].
The starting point for deriving the asymmetrical second order FRFs and applying the NFR
method is a nonlinear dynamic model of the reactor. In that sense, it is essential that the
mathematical model and its parameters are reliable, with special emphasis on a good kinetic
model and its parameters.
In this work, the NFR method is implemented for evaluation of possible improvement for the
reaction of methanol synthesis by hydrogenation of CO and CO2, using a standard
Cu/ZnO/Al2O3 catalyst. For start, a forced periodically operated isothermal continuous-stirred
tank reactor (CSTR) is considered. A simplified (lumped) kinetic model of methanol synthesis
with 14 parameters [3] which were estimated from the results of an extensive experimental
investigation [4], is used.
The NFR method is performed for evaluation of possible increase of methanol production by
modulating the mole fractions of CO and CO2 in the feed stream, as well as their simultaneous
modulation. The necessary asymmetrical second order frequency response functions
correlating the methanol production with the modulated inputs are derived and the forcing
parameters leading to improvement of the reactor performance are determined. The results of
the NFR analysis will further be used for rigorous optimisation of the forced periodic operations
and planning the best experimental scenarios. The final step will be experimental investigation
and confirmation on a laboratory scale reactor.
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