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5.11: Rate Laws from Experiments in a Continuous Stirred Tank Reactor

A continuous stirred tank reactor (CSTR)—or capacity-flow reactor—is a superior method of collecting kinetic data when the rate
law is complex. Unfortunately, a CSTR tends to be expensive to construct and complex to operate. Figure 5.11.1gives a schematic
representation of the essential features of a CSTR. Fresh reagents are fed to a reactor vessel of volume V at a constant rate. A
portion of the reactor contents is continuously removed at the same volumetric flow rate. Because the addition and removal of
material occur at the same rate, the reactor is always filled with a fixed volume of reaction mixture. The reaction vessel and its
contents are maintained at a constant temperature. The vessel contains a stirrer, which operates continuously and at a high enough
speed to keep the contents of the vessel homogeneous (free of concentration and temperature gradients) at all times.
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Figure 5.11.1: A continuous stirred-tank reactor.

The essential idea involved in the operation of a CSTR is that, after the passage of sufficient time, the concentrations of the various
species present in the reactor become constant. We say that the reactor contains steady-state concentrations of the reactants and
products. When the reactor reaches this steady state, processes that increase reagent concentrations are occurring at the same rate as
processes that decrease them.

Let the reaction be of the form:
A+ B — Products.

The concentrations of the reagents in the feed solution are known. Let the concentration of A in the fresh feed solution be [A],. Let
the rate at which fresh reagent-containing solution is fed to the reactor be u L~'s~!. Homogeneous reaction mixture is withdrawn
from the vessel at the same flow rate. The amount of A in the reactor is increased by the flow of fresh reactant solution into the
reactor. It is decreased both by reaction and by the flow of solution out of the reactor. The steady-state reaction rate, R = R (A), is
the number of moles of reactant A consumed by the reaction per unit time per unit volume of reaction vessel after all of the reagent
concentrations have become constant. Since A is a reactant, this rate is

1 drn A
Vo dt
where d,n4/dt is the contribution that the reaction makes to the rate at which the number of moles of A in the reactor changes.

Since all of the reaction occurs within the vessel, and the vessel is entirely filled with the solution, R is also the number of moles of
A consumed by reaction per unit time per unit volume of solution.

R:

At steady state, the number of moles of A in the reactor is determined by:

1. the number of moles of A entering the reactor per unit time,
2. the number of moles of A being consumed by reaction per unit time, and
3. the number of moles of A leaving the reactor in the effluent stream per unit time.

In unit time, the number of moles entering with the feed is given by u[A]; the number leaving with the effluent is given by u [A].
In unit time, the contribution that the reaction makes to the change in the number of moles of A present is —RV . When the steady
state is reached, the number of moles entering, plus the change due to reaction, must equal the number of moles leaving:

moles flowing in + change in moles due to reaction — moles flowing out =0

or, in unit time,
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Solving for R, we have

R =~ (14] - [4])

(We define reaction rate so that R > 0. If A is produced by the reaction, the mass-balance equation is u[A], + RV —u [A] =0 .)

As with the method of initial rates, the rate law is determined by measuring reaction rates in a series of experiments in which the
steady-state concentrations of the various reactants and products vary. For each experiment it is necessary to determine both the
reaction rate and the steady-state concentration of each reagent that might be involved in the rate law. Using the equation above, the
rate is calculated from the difference between a reagent concentration in the feed solution and its steady-state concentration in the
reactor. The concentration of each reagent in the effluent is the same as its concentration in the reactor, so the necessary
concentration information can be obtained by chemical analysis of the effluent solution. The chemical analysis must be done in
such a way that no significant reaction occurs between the time the material leaves the reaction vessel and the time the analysis is
completed.
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