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DESIGNING A TUBULAR FLOW reactor experi-
ment for an undergraduate laboratory is not
a simple task. This is because the experiment will
have to meet certain criteria, viz

It is safe

It is simple and cost effective

It is instructive

Its analytical needs must be simple and easy, to meet
the time constraints of an undergraduate laboratory

Anderson [1] developed a tubular flow reactor
experiment for an undergraduate laboratory at
Princeton that utilized the system acetic an-
hydride-water. This particular experiment re-
quires relatively elaborate safety precautions.
Moreover, since the reaction is exothermic, rather
expensive temperature control equipment is re-
quired. Samples taken at the reactor inlet and
outlet are analyzed by the aniline-water method
which is relatively lengthy and subject to errors.

Hudgins and Cayrol [2] utilized the basic de-
sign of Anderson in developing a simple and
interesting experiment. They utilized the classical
reaction system of crystal violet dye neutraliza-
tion with sodium hydroxide. This system was
studied earlier by other investigators, mainly in a
batch reactor (Carsaro [3]). The two novel aspects
of the Hudgins-Cayrol experiment compared with
that of Anderson are

e A colour change can be seen between the inlet and

outlet of the reactor
e The temperature constraint is removed. This makes
the experiment operable at room temperature

Also, from the safety standpoint, a relatively dilute
sodium hydroxide solution (0.04 N according to
Hudgins and Cayrol) is used.

However, the experimental set-up design
given by Hudgins and Cayrol can be significantly
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improved. The design improvements suggested in
this article should make the experiment easier to
run and control, significantly improve the repro-
ducibility of results, and expedite the process of
data collection within the time constraints of an
undergraduate laboratory.

The main objectives of this experiment are

e To study the effect of residence time on conversion
in a tubular flow reactor

e To compare the experimental conversions with those
obtained from plug-flow and laminar-flow reactor
models

THEORY

As it was established by Corsaro [3], the re-
action between erystal violet dye and sodium hy-
droxide is of the first order in the concentration
of each of the reactants, i.e., the reaction is of
the second order. However, the reaction can be
made pseudo-first order if sodium hydroxide is
used in great excess with respect to crystal violet
dye. In other words

—Tg5e = K [dye] (1)
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