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Summary 

Reactive separation units, which combine reaction and separation in a single step, are an 

increasing area in chemical engineering research. These potentially offer the advantage 

over traditional reactors of higher conversion and selectivity and capital savings. Ad-

sorptive reactors are reactive separators that use selective adsorption to separate reaction 

species in-situ. In this thesis, the potential of an example of such a reactor, the pressure 

swing reactor (PSR), has been evaluated. 

Research on pressure swing reactors, and reactive separators in general, has mainly 

focussed on operation of reversible reactions: a favorable shift in the chemical equilib

rium is achieved by selective removal of reaction products, resulting in a higher overall 

conversion. In contrast to reversible reactions, the operation of irreversible reactions in 

any adsorptive reactors, has hardly received attention. In this thesis, the operation of irre

versible series reactions in a pressure swing reactor is evaluated. The applicability of two 

operating principles under cyclic, pressure swing operation has been investigated: 

• Removal of an intermediate product by adsorption 

• Staging of a desired reactant by desorption 

In simulation studies, the performance of the pressure swing reactor, containing a mixture 

of catalyst and sorbent, has been bench marked to two traditional reactor alternatives: 

(1) a steady state plug flow reactor with catalyst only and (2) a system with ex-situ pre-

separation consisting of a pressure swing adsorber (with sorbent only) for separation and 

a plug flow reactor in series. Performance is compared with respect to conversion, integral 

reactor selectivity, product purity and productivity. 

By removal of a desired intermediate product from the reactive phase in a series reac

tion, over-reaction to an undesired by-product is suppressed. However, the desired product 

is not obtained directly but it remains in the reactor vessel in an adsorbed state. We have 

shown in chapter 2 that the regeneration mode employed is crucial to selectivity improve

ment. Only for co-current depressurization and purge steps, the recovery of the desired 
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product was accomplished effectively. Whereas a significant selectivity increase is obtain

able for the pressure swing reactor over the plug flow reactor, this goes at the expense of 

productivity. This is due to the quasi continuous nature of the PSR process, since during 

regeneration there is no feed flow to the reactor. We have further found that both out-going 

streams for the PSR are mixtures of all components similar in composition to a plug flow 

reactor. By removal of the intermediate product, reaction and full separation cannot be 

achieved in a single step in the PSR. 

In chapter 3, the accumulation of a reactant as a means to selectively enhance its 

conversion has been investigated under isothermal conditions. In the concept studied, 

the sorbent is assumed thermodynamically selective with regard to this reactant. This 

reactant accumulates inside the vessel by adsorption and the reactor is depleted of the 

competing reactant. The sorbent is regenerated periodically by lowering the pressure and 

the reaction commences when a third reactant is introduced as purge gas. The third reactant 

is involved in the desired as well as in the undesired reaction. Improved reaction selectivity 

and recovery of the desired product have been demonstrated under realistic conditions. No 

monotonie relation between conversion and integral reactor selectivity was found in the 

PSR, but a distinct optimum in conversion exists. In the optimal case, the sorption flux 

and conversion rate of the primary reactant are balanced throughout the regeneration. A 

lower conversion results from slip of the desorbed reactant. A too high purge gas flow rate 

causes slip during the reaction, whereas a too low purge gas velocity causes significant slip 

before the reaction commences. 

The conversion of desorbed reactants maximizes the driving force for regeneration. 

Full regeneration of the sorbent is accomplished in a time just above the theoretical mini

mum. As a result the productivity of the PSR is higher compared to the PSA unit from the 

PSA & PFR in series. However, productivity in the PSR is significantly lower compared 

to the PFR. The main reason for this is that the gas phase concentrations of reactants are 

much lower in the PSR compared to he PFR. 

Temperature may affect the intrinsic catalyst selectivity, and it influences the sorbent 

capacity and reaction rates. The net effect in a PSR cannot be assessed intuitively and thus 

the temperature gradients that develop as a result of the reaction and adsorption have been 

incorporated explicitly in the simulations in a study on the operation of exothermic series 

reactions in the pressure swing reactor described in chapter 4. At first sight one might 

expect the heat of reaction to cause a general heating of the unit which would result in a 

break-down of the PSR concept due to the reduced sorption capacity. We have demon-
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strated that the heat generated by the reaction does not necessarily render the PSR concept 

inviable. External cooling is necessary, however, and purge times must be extended to 

attain a regenerated sorbent and a sufficiently cold bed. We show that when desorption 

is the rate-limiting step, this goes without loss in productivity compared to the isothermal 

case. 

External cooling is important for operation of exothermic reactions to guarantee reactor 

stability and prevent run-aways. In a PFR, reaction rates are predominantly controlled 

via the catalyst temperatures. In contrast, in the PSR, a self control is exerted by the 

fact that the reactant needs to desorb prior to reaction. As a result, the external cooling 

capacity required for the PSR is comparable to that of the PSA in the PSA & PFR in series 

configuration and is orders of magnitude lower than that required for the PFR units (both as 

stand-alone and in series with the PSA). Even for a cooled reactor, significant temperature 

gradients develop in the bed which affect various aspects of the cyclic operation. When 

the catalyst selectivity decreases with increasing temperature, the cooled PSR can attain 

superior selectivity over the PFR for a wider operating range compared to the isothermal 

PSR. 

The requirements a sorbent has to meet to obtain superior reaction selectivity over the 

reactor alternatives were established by the simulation studies described above. To operate 

a series reaction at enhanced selectivity in a PSR, a sorbent is needed which is thermody-

namically selective towards the primary reactant and which exhibits comparatively slow 

sorption kinetics. As part of this thesis work, the application of the PSR principles to the 

selective hydrogénation of ethyne in ethene has been studied experimentally in chapter 5. 

The removal of ethyne from the ethene stream obtained in cracking plants is an important 

step in the manufacture of polymer grade ethene. The reaction is industrially carried out 

at 25 bar and 40°C which would allow significant reversible sorption of the hydrocarbons 

onto porous solids. Promising sorbents based on rc-complexation have been reported in the 

literature. We have shown that these claims were erroneous. None of the screened sorbents 

exhibit a sufficient thermodynamic selectivity. A molecular sieving carbon has been found 

that shows kinetic selectivity towards ethyne. Its selectivity was, however, insufficient to 

render separation by pressure swing operation feasible. 

In this thesis, we have established the main criteria to apply PSR reactors successfully 

for irreversible series reactions. The current challenge is to find applications that fulfill 

these criteria. 




