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(d) Continuous stirred tank reactors, CSTR

In a CSTR, one or more reactants, for example in solution or as a slurry, are introduced
into a reactor equipped with an impeller (stirrer) and the products are removed
continuously. The impeller stirs the reagents vigorously to ensure good mixing so that
there is a uniform composition throughout. The composition at the outlet is the same as
in the bulk in the reactor. These are exactly the opposite conditions to those in a tubular
flow reactor where there is virtually no mixing of the reactants and the products.
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Figure 9 A line diagram illustrating a continuous stirred tank reactor.
A steady state must be reached where the flow rate into the reactor equals the flow rate
out, for otherwise the tank would empty or overflow. The residence time is calculated by
dividing the volume of the tank by the average volumetric flow rate. For example, if the
flow of reactants is 10 m* h™ and the tank volume is 1 m®, the residence time is 1/10 h, i.e.

6 minutes.
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Figure 10 A CSTR reactor, used to make poly(ethene) in bulk.
By kind permission of Total.

A CSTR reactor is used, for example in the production of the amide intermediate formed
in the process to produce methyl 2-methylpropenoate. Sulfuric acid and 2-hydroxy-2-
methylpropanonitrile are fed into the tank at a temperature of 400 K. The heat generated
by the reaction is removed by cooling water fed through coils and the residence time is
about 15 minutes.

Heat exchangers

Most chemical reactions are faster at higher temperatures and heat exchangers are
frequently used to provide the heat necessary to increase the temperature of the
reaction.

A common heat exchanger is the shell and tube type (Figures 12 and 13) where one
part of the process flows through a tube and the other part around the shell.

A good example where heat exchange is important is in the manufacture of sulfur
trioxide from sulfur dioxide in the Contact Process where the excess heat is used to
warm incoming gases.

The heat from the reaction is transferred to incoming gases across the tube wall (Figure
12) and the rate of heat transfer is proportional to:

i) the temperature difference between the hot gases and the incoming gases and

i) the total surface area of the tubes



https://www.essentialchemicalindustry.org/polymers/polymethyl.html#ammonium_sulfate
https://www.essentialchemicalindustry.org/chemicals/sulfuric-acid.html#contact_process
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Figure 12 lllustrating a heat exchanger used in the manufacture of sulfur trioxide.
Thus the rate of heat transfer required will determine the size of the exchanger but when

a chemical reaction also occurs

in the exchanger (as in the case of tubular reactors ), it

is important to take into account the residence time of the materials (whether they be
gases or liquids) in the heat exchanger.
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Figure 4 A tubular reactor used in the production of methyl 2-methylpropenoate.
The reactor is heated by high pressure steam which has a temperature of 470 K and

Is fed into the reactor at point 1 and leaves the reactor at point 2. The reactants flow
through the tubes.

Tubular reactors are used, for example, in the steam cracking of ethane, propane and butane
and naphtha to produce alkenes.


https://www.essentialchemicalindustry.org/polymers/polymethyl.html#ammonium_sulfate
https://www.essentialchemicalindustry.org/processes/cracking-isomerisation-and-reforming.html#steam_cracking
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(c) Fluid bed reactors

A fluid bed reactor is sometimes used whereby the catalyst particles, which are very fine,
sit on a distributor plate. When the gaseous reactants pass through the distributor plate, the
particles are carried with the gases forming a fluid (Figure 6). This ensures very good
mixing of the reactants with the catalyst, with very high contact between the gaseous
molecules and the catalyst and a good heat transfer. This results in a rapid reaction and a
uniform mixture, reducing the variability of the process conditions.

One example of the use of fluid bed reactors is in the oxychlorination of ethene to
chloroethene (vinyl chloride), the feedstock for the polymer poly(chloroethene) (PVC).
The catalyst is copper(ll) chloride and potassium chloride deposited on the surface of
alumina. This support is so fine, it acts as a fluid when gases pass through it.

products
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Figure 6 A diagram to illustrate a fluid bed reactor. On the left
hand side, the particles are at rest. On the right hand side, the
particles are now acting as a fluid, as the gaseous reactants pass
through the solid.


https://www.essentialchemicalindustry.org/polymers/polychloroethene.html#fluid_bed
https://www.essentialchemicalindustry.org/polymers/polychloroethene.html#fluid_bed
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