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afe scaleup of exothermic chem-

ical reactions poses a challenge

that is often underestimated.

Engineers can help themselves
meet that challenge by acquiring a
working knowledge of the principles of
calorimetry.

Scaleup risks are especially preva-
lent in those chemical-process-industry
areas, such as many pharmaceutical
and specialty chemical operations, in
which the underlying chemistry is
highly complex. In such cases, the
heart of the production sequence typi-
cally is a batch reaction that has been
scaled up more or less directly from a
far-smaller bench or pilot-plant vessel.
Often the reactants.or products are
toxic; in some cases, flammable.

A key task during plant operation is

Documenting the seriousness

The U.K. Health and Safety Executive
commissioned a number of studies into
the causes of accidents involving batch
chemical reactors [1]. Between 1962
and 1987, there were 134 incidents in-
volving chemical process-operations.
Table 1 shows that most of the common
industrially important reactions have
been involved in serious incidents.

The causes of these incidents are
summarized by type in Table 2. Nearly
one-quarter of the accidents were due
to a lack of knowledge about the ther-
mochemistry; for instance, no knowl-
edge of the cooling duty required upon
scaleup. The incidents caused by poor
temperature control or inadequate mix-
ing amounted to 29% of the total. A fur-
ther 21% were due to errors in reactant
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to hold the reactor temperature at a
predefined value by removing heat
from the reaction. But because the
chemistry is complicated and the heats
of reaction often not known, it is diffi-
cult for the engineer to quantify this re-
quired heat removal and thus design
for it effectively. That is a key reason
why accidents are frequent in this type
of operation.

The events leading up to an acci-
dent vary, but the basic problem
starts with an increase in reactant
temperatures, which accelerates the
reaction rate. This interplay produces
further rises in temperature exponen-
tially. As the temperature increase
raises the vessel pressure, an accident
can cause catastrophic failure, lead-
ing to major plant damage and, some-
time, loss of life.
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or catalyst addition, often because the
consequences of such addition on large
scale were not appreciated.

A sense of scale
Except in cases where a (controlled)
rise in temperature is desired, it is nec-
essary to match an exothermic reac-
tion’s heat-production rate with a cool-
ing rate, taking into account heat loss
to the atmosphere. To realize how mis-
leading a laboratory-scale operation
may be in this regard, note that
whereas the heat output rates from
exothermic reactions in 1-L vessels are
around 10 — 100W, the heat loss to the
atmosphere may be around 200 W.
Therefore, in spite of a reaction being
exothermic, the bench chemist may in
fact need to heat the vessel.

Typical heat loss rates from different

i

REACTION CALORIMETRY:
- TWO APPROACHES
The main components of a reaction
calorimeter are the following:
* Reactor
* Heating or cooling facility
» Conlrol and data-acquisition software
® Peripheral fecilities:
reactant pumpi
pH measﬂrmrinn?und control
gas addition or venting
boiling (reflux) operation
The heat produced (or absorbed) by
the chemical reaction must be deter-
mined experimentally. This can be
done in several ways. Here we focus
on two of them. :

The more common is straightforward
heat flow culorime#rr. This technique,
the simplest o implement, calculates |
the heat flow from a knowledge of the |
heat transfer rate between the reactants |
and the cooling or heating fluid, the |
heat transfer rate being calculated via
a standard calibration procedure that
takes place at the start and end of each
test. Unfortunately, those calibrations
are time-consuming. Furthermore, |
heat-flow calorimetry is subject to error |
if the physical properties (e.g., viscos- [
ity) ofthe fluids change significantly |

uring the reaction,

A more recent technique is known as |
combined-method calorimetry (CMC; |
Reference 2). It teams up a simple form |
of heat balance with power compensa- |
fion. The reactor temperature is con- |
trolled by an electrical heater within |
the vessel. When the reaction starts, the
heater power is made to decrease or
increase exactly to compensate for the |
heat gene or absorbed. This heat
generation is deduced from the change
in power input.

The CMC method becomes even |
more useful if it not only measures the |
electric-power change but also pro- |
vides heat-balance information  di-
rectly. Calorimeters offering this combi- |
nation have become commercially |
available. ap







