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The runaway reaction hazard of a cyanide reaction initiated by an amine and caustic has been
studied extensively and a venting strategy formulated from the data. The relief size necessary to
safely relieve such a reaction has been calculated using thermal runaway data for a number of

different situations, allowing for two-phase flow.
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This paper is concerned with the investigation of an
industrial system in which the potential for complex
runaway reaction explosion exists. The normal reaction
is carried out in a batch reactor, operating at atmo-
spheric temperature. The process involves two sequen-
tial steps:

Amine + formaldehyde — intermediate
Intermediate + ‘cyanide’ — product

Both of these reactions are mildly exothermic and
the reactor is fitted with cooling coils to maintain
temperature control. Loss of cooling or other such
problems will not produce a rapid explosion. An
operator error could, however, result in the cyanide
and formaldehyde being added in the first step without
any amine, producing no reaction:

‘Cyanide’ + formaldehyde — NO REACTION

At this point, the operator may realize the error since
he will observe no heat generation. In his attempt to
remedy the situation, he may then add the amine,
inadvertently producing a runaway explosion:

‘Cyanide’ + formaldehyde + amine — runaway
explosion

The objective of the work reported in this paper
was to assess the runaway reaction caused by the
operator error and design suitable reactor protection
systems. The problems that could be foreseen imme-
diately were:

® the high explosion pressure rules out total contain-
ment;

e avery large vent is likely to be used: and

® the high toxicity of the chemicals suggests venting is
not an ideal solution.

The process and the associated hazards were
analysed in stages, starting with experimental work to
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investigate the basic explosion hazard. The full range of
tasks were the following, described in the course of this

paper:

® preliminary closed cell thermal runaway tests to
quantify the hazard;

specific tests replicating plant operating conditions;
development of vent-sizing philosophy;

tests to obtain data for vent-sizing;

tests to obtain disposal system design data.

Quantification of thermal explosion hazard

Experimental deiails

The basic reaction to be studied is that between the
cyanide and formaldehyde, initiated by an amine,
representing an operating error as previously discussed.
The experimental work was performed in the PHI-TEC
II calorimeter (see Figure 1)'. This device consists of a
sample container of approximately 120 cm® capacity
which is suspended in the centre of a set of metal plates.
The plates totally surround the sample container and
are electrically heated. When a test sample undergoes
reaction leading to a rise in temperature, the heated
plates are controlled to match this temperature, thus
eliminating heat losses from the sample.

The sample container used in most experiments is
0.006 in. wall thickness, which results in a very low
thermal mass in relation to the mass of the test sample.
This aspect is normally expressed in terms of the
¢-factor:

P = 1+ (MCF!)I/MCp)s

The value of ¢ in large-scale plant is close to 1.0; using
thin-walled test cells, the calorimeter is able to achieve
very similar values.

In order to prevent the thin test cell from rupturing
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Figure 1 PHI-TEC Calorimeter for the assessment of reactive
materials. 1, Three radiant heaters; 2, Sample thermocouple; 3,
Magnetic bars; 4, Test cell; 5, U Magnet; 6, Vessel pressure
transducer; 7, Sample pressure transducer

when the vapour pressure in the reacting sample rises, a
nitrogen pressure is exerted outside the cell. Thus, as
the reaction proceeds, pressure equalization is main-
tained by an electronic control system.

A consequence of these design features is that it is
possible to test runaway reactions and apply the results
directly to large-scale equipment. Extrapolation of test
data is not required.

Preliminary test results

A number of tests were performed to provide an
overall understanding of the hazard posed by the
undesired reaction, looking at the effect of reactant
concentration, initiator type and initiator quantity. A
sample of these results is shown in Figure 2 in the form
of temperature against time.

The tests were performed by remote injection of
the initiator into a cell containing the cyanide formalde-
hyde mixture at room temperature. In all cases, the
reaction temperature is seen to rise immediately after
the addition of an initiator, and then a variety of trends
are observed depending on the test conditions. The
main conclusions arising from these tests were:
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Figure 2 Cyanide thermal runaway
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® dilution of the reactants has a significant effect on
slowing down the rate (more than expected from
simple quenching);

® initiator type (even though both initiators are alka-
line) is important;

® quantity of initiator is very important.

It was clear that in order to proceed, these
variables had to be defined more precisely and related
back to the process. This was done and further tests
with a specific initiator were completed; the results are
shown in Figure 3. The two curves are for the same set
of conditions except for the age of the cyanide sample
(differing by about one week). The fresh sample gives
the most rapid exotherm and this was used as the basis
for the vent design. The pressure followed a similar
trend to the temperature, rising rapidly at first then
slowing down before accelerating again. The final
pressure reached was about 110 bar — the pressure
would have gone still higher if the test cell had not
ruptured.

Venting strategy

The batch reactor being studied is operated at atmo-
spheric pressure and therefore the normal approach is
to set the relief device to open at about 1.5 bara, soon
after the exotherm has been initiated. Looking at the
manner in which the exotherm develops (see Figure 3,
for example), the initial period is distinguished by an
extremely rapid rise in pressure and temperature. The
rate of change with temperature is shown in Figure 4.
In order to cope with the initial rate, the relief device
would have to be extremely large.

It was therefore decided that the vent should be set
to cope with a later, slower rate of rise; Figure 4 shows
that at about 150°C, the rate slows down quite
considerably and remains slow until about 200°C. The
pressure corresponding to 150°C is about 5 bara, the
vent was therefore sized for the self-heat rate at this
point.

Although the vent is to be sized for a self-heat rate
corresponding to 5 bara (150°C), it is of course still
quite acceptable to set the vent opening pressure at the
nominal 1.5 bara. Generally, the lower the vent open-
ing pressure, the better. However, this was found to be
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Figure3 Runaway exotherm: effect of sample ageing (—:
fresh sample; —- —-: aged sample)
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