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Forced unsteady -state reactors

ω Forced unsteady state (FUS) reactors allow reaching higher conversions than 

conventional reactors.

ω Two alternatives:

Á Reverse flow reactors, RFR;

Á Network of reactors: simulated moving bed reactors, SMBR.

ω Within a SMBRnetwork, the simulated moving bed is accomplished by periodically 

switching the feed inlet from one reactor to the following one.

ω APPLICATION: Methanol synthesis (ICI patent).

Á Operating temperature: 220-300 °C;

Á Pressure: 5-8 MPa;

Á CO = 10-20%; CO2 = 6-10%; H2 = 70-80%.



© Davide Manca ςDynamics and Control of Chemical Processes ςMaster Degree in ChemEngςPolitecnico di Milano 3L3τ

Forced unsteady -state reactors

ω Catalytic exothermic reactions can be carried out with an autothermal regime.

ω FUSreactors are mainly advantageous when either the reactants concentration or 

the reactions exothermicity are low.

ω There is an increase of both conversion and productivity that allows:

Á Using smaller reactors,

Á Lower amounts of catalyst.
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Methanol synthesis in forced unsteady -state 
reactors

ω The methanol synthesis reaction is:

ω The reaction takes place with a reduction of the moles number. Therefore, the 

reaction is carried out at high pressure.

ω In the past, the methanol plants worked at 100 ÷ 600 bar.

ω bƻǿŀŘŀȅǎΣ ƳŜǘƘŀƴƻƭ Ǉƭŀƴǘǎ ǿƻǊƪ ŀǘ ƭƻǿŜǊ ǇǊŜǎǎǳǊŜǎ όрл ҍ ул ōŀǊύΦ

ω In the low-pressure plants, the following reactions are important too:

2 32 90.769 kJ/molRCO H CH OH H
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Reverse Flow Reactors

ω Valves: V1, V2, V3, V4 allow periodically inverting the feed direction in the reactor.
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RFR: first ïprinciples model
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RFR: methanol synthesis

Reactor diameter

Reactor length

Void fraction

Catalyst mass

Apparent catalyst density

Catalyst porosity

Pellet diameter

Inlet temperature

Working pressure

Surface flowrate
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RFR: methanol synthesis
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Temperature profile once the pseudo-stationary condition is reached

Reverse Flow Reactors
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Reverse Flow Reactors

Concentration profile once the pseudo-stationary condition is reached



© Davide Manca ςDynamics and Control of Chemical Processes ςMaster Degree in ChemEngςPolitecnico di Milano 11L3τ

Simulated Moving Bed Reactors

Step 1: 1 g2g3Step 2: 2 g3g1Step 3: 3 g1g2

1

2

3
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Simulated Moving Bed Reactors

ÅKinetic equations corresponding to a dual-site Langmuir-

Hinshelwood mechanism, based on three independent 

reactions: methanol formation from CO, water-gas-shift 

reaction and methanol formation from CO2:

Velardi S., A. Barresi, D. Manca, D. Fissore, Chem. Eng. J., 99 117ï123, 2004



© Davide Manca ςDynamics and Control of Chemical Processes ςMaster Degree in ChemEngςPolitecnico di Milano 13L3τ

Simulated Moving Bed Reactors

ÅReaction rates for a catalyst based on CuïZnïAl mixed oxides

Velardi S., A. Barresi, D. Manca, D. Fissore, Chem. Eng. J., 99 117ï123, 2004
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Simulated Moving Bed Reactors

Velardi S., A. Barresi, D. Manca, D. Fissore, Chem. Eng. J., 99 117ï123, 2004
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Simulated Moving Bed Reactors

ω After a suitable number of switches the temperature profile reaches a pseudo-

stationarycondition.

High switch times Low switch times
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SMBR: the thermal wave
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SMBR: open loop response

Velardi S., A. Barresi, D. Manca, D. Fissore, Chem. Eng. J., 99 117ï123, 2004
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SMBR: open loop response

Velardi S., A. Barresi, D. Manca, D. Fissore, Chem. Eng. J., 99 117ï123, 2004
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Disturbance stop after 195 switches Disturbance stop after 310 switches

There are more periodic stationary conditions

SMBR: open loop response

Velardi S., A. Barresi, D. Manca, D. Fissore, Chem. Eng. J., 99 117ï123, 2004
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The control problem

ω FEATURES

Á Thesystemmaysuddenlydivergeto unstableoperatingconditions(evenchaotic

behavior);

Á Thenetworkmayshut-down;

Á Thereactorsmaywork in a suboptimalregion.

ω PROBLEM

Á Thereactornetworkshouldwork within anoptimaloperatingrange;

Á Sucha rangeisoften narrowandits identificationmaybe difficult.

ω SOLUTION

Á A suitablecontrol systemmustbe synthesizedandimplementedon-line to avoid

both shut-downandchaoticbehaviors;

Á Anadvancedcontrol systemishighlyrecommended;

Á Model basedcontrolĄModel PredictiveControl,MPC.


