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ABSTRACT 
The method described enables overheating to be detected at the in

cipient stage of a fire. Freon-filled microcapsules are applied in the 
form of powder or paint to the surfaces being monitored. The microcap
sules burst at a given temperature and the released freon can be sensed 
by halogen detectors coupled to the normal smoke-detector system. Alter
natively, the noise of the bursting microcapsules can be simply detected 
by microphones. 
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INTRODUCTION 

The high fire-risk of electrical installations is evident from the statistics of in
surance companies, which show that approximately 301 of all fires are of electrical origin. 
Such fires may develop over a long time before being noticed, depending on the cause. The 
generation of heat may be localized, such as with bad contacts, or be spread over an extended 
area as when, for example, a conductor is overheating. Fires often start in places where 
regular control and maintenance are made almost impossible by difficulties of access, or 
where the operation of the installation may cause bad or loose electrical contacts. The 
installation of fire barriers can do much to slow down or prevent the spreading of fires, 
but early detection is essential if serious material damage is to be avoided. Effective 
alarm systems are therefore needed. 

THE STAGES OF A FIRE 

From the point of view of detection, the development of fires usually occurs in four 
stages. 

2.1 Incipient stage 

During this stage, which often extends over a long period, there are neither visible 
smoke nor flames, and significant amounts of heat are not generated. However, gases or 
vapours may be released, and some combustion products may be produced in the form of aero
sols. These are difficult to detect, except sometimes by their smell. 

2.2 Smouldering stage 

As the fire develops, the quantity of combustion products increases to the point where 
they become visible as smoke. The odour of burning increases, but there are still no flames 
and the emission of heat remains insignificant. 

2.3 Flame stage 

The fire develops further and ignition occurs. Infrared energy is now given off by the 
flames, whereas the production of visible smoke usually decreases and more heat is generated. 

2.4 Heat stage 

Large amounts of heat, flames, smoke, and toxic and inflammable gases are produced. 
Transition from the third to the fourth stage usually occurs very quickly. 

THE DEVELOPMENT OF CABLE FIRES 

The conclusions of experiments on the development of cable fires are often contradictory, 
probably because the conditions are usually not exactly those found in practical cable in
stallations and real fires. 

To obtain some consistency, experiments were carried out in a special te'st installation 
which allowed for all the practical parameters and covered a variety of types of cable. A 
detailed report on these tests will be published separately, but one important conclusion 
is of relevance to the present study: when cables heat up, the insulation begins to 
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deteriorate at relatively low temperatures, around 90°C; that is, at temperatures at which 
there is no smoke. After some time at such temperatures, the insulation may fail, leading 
to short-circuits and fire. 

4. PRINCIPLES OF THE NEW DETECTION METHOD 

4.1 Heat detection at the incipient stage of a fire 

Because rather low (though excessive) temperatures impair the mechanical strength of 
cable insulation and create a serious fire risk, it is desirable to develop a simple method 
of detecting abnormal overheating in electrical installations. Where cables are involved, 
the temperature of detection should be between the maximum operating temperature of the cable, 
say 50°C, and the temperature at which the mechanical strength of the insulation begins to 
decrease, say 90°C, so that detection should occur at around 70°C. Because the ambient air 
would delay the detection of any temperature rise, at least part of the detection system 
must be in direct contact with the object likely to overheat. It was decided to take into 
account also the fact that many existing installations are already equipped with smoke de
tectors, so that it would be interesting and desirable to find a suitable substance that 
gives off smoke or other vapours which trigger standard smoke detectors (or simple modifi
cations thereof) at the desired temperature (about 70CC in this case). Such a substance, 
either alone or combined with a suitable vehicle, could then be applied to the cables or 
other surfaces involved. In such a system, the smoke detectors would respond in the usual 
way to "ordinary" fires whilst also detecting overheating of those surfaces to which the 
special substance has been applied. 

This was the aim of the development project. The results obtained so far are described 
below. 

4.2 Required properties 

The substance to be used to reveal the occurrence of overheating should not emit any 
detectable smoke or vapour below the required detection temperature. It must not be in
flammable, toxic, or corrosive. Other important requirements are ease of application and a 
low rate of evaporation so that a Dong lifetime can be expected. 

The possibility of using two chemicals in a system in which they react after exceeding 
a temperature threshold was considered, as well as the use of single substances. 

4.3 Microencapsulated liquids as temperature indicators 

A family of substances having the required properties was found to be the fréons, which 
are easily detected in air, are non-corrosive and of low toxicity, and can even act as an 
extinguishing agent. A way had to be found of releasing freon at a predetermined temperature, 
and an appropriate method of application had to be developed. 

As means of containment, application, and subsequent release, microcapsules were found 
to offer particular advantages. They permit the liberation of the contents through melting 
of the capsule wall or through rupture of the capsule when the internal pressure exceeds a 
certain value. 
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Application is also easy, either by sprinkling the microcapsules (a coarse powder) 
onto the surfaces in question, or by dispersing them in a suitable paint vehicle and paint
ing them on. 

4.4 Manufacture of microcapsules 

Microcapsules are manufactured mainly for pharmaceutical applications. To assess their 
suitability for temperature detection, special consideration had to be given to the follow
ing requirements: 

a) The capsule diameter should be small enough to allow application of the product in pow
der form. 

b) The capsules should withstand the internal vapour pressure at temperatures up to 70°C. 

c) The diffusion rate through the capsule wall should be low enough to give a reasonable 
lifetime. 

d) The cost of production should be low enough to make the use of the product acceptable 
from the economic point of view. 

Investigations showed that microcapsules with a diameter of 120 microns had sufficient 
wall thickness to resist a pressure of 2.5 atm, which is the vapour pressure of freon-11 at 
70°C and of freon-114 B2 at 96°C (see Fig. 1). It was found that different bursting tem
peratures can be obtained by varying the capsule diameter while maintaining the wall thick
ness almost constant. The original gelatine wall adopted by the manufacturers allowed an 
excessive rate of diffusion so that the lifetime proved to be insufficient. It was found 
possible to reduce the permeability to give a diffusion rate of 4% per year, which results 
in a minimum lifetime of 10 years after which about 401 of the original contents will have 
been lost. 

CO 
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Fig. 1 Pressure-temperature relationships of freon compounds 
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From the manufacturing point of view the use of freon-114 B2 does not present many 
problems because its boiling point of 43°C allows the manufacturer's normal processing tem
perature of 33°C to be maintained. Freon-11, however, required the development of special 
techniques because its boiling point is 23°C. 

Tests with microcapsules filled with either type of freon have demonstrated the prac
tical value of the technique, which is not, of course, restricted to the use of fréons. The 
question of cost can only be resolved when the quantities to be produced can be assessed 
more accurately. 

4.5 The application of microcapsules 
Microcapsules can be applied, in the form of powder or paint, to the surfaces to be 

monitored and thus offer novel and very effective ways of early fire detection. The powder 
can be blown into inaccessible spaces and the paint used to coat cables, the interior of 
electrical enclosures, and the surfaces of equipment at risk generally. In buildings, cer
tain critical surfaces can be similarly monitored. 

4.6 Methods of detection 
The adoption of freon-filled microcapsules as a means of revealing the occurrence of 

overheating allows at least two methods of remote detection to be used: 
i) the release of freon into the air is sensed by halogen detectors which are added to 

the ordinary smoke detectors (or replace them); and 
ii) the bursting of the microcapsules is detected acoustically. 

Existing laboratory-type halogen detectors are capable of detecting 10" 3 ppm of freon 
in air. Experiments are in progress to determine in which situations microcapsules filled 
with freon can be used in practice to indicate overheating if detectors of this sensitivity 
are used. In addition, the possibilities of the system when simpler detectors, of lower 
sensitivity, are used are being investigated. 

4.7 Acoustic detection 
The frequency spectrum of the sound produced by the bursting of microcapsules has a 

maximum around 12 kHz. 
The sound can be heard at a considerable distance: it is well defined and repetitive, 

not unlike the impact of hail on a window pane. Because of the large number of microcap
sules involved in a typical application, a great many of them will be insulated from the hot 
surface by intervening layers of capsules. In addition, the manufacturing process is of 
limited precision and yields capsules with a range of diameters. The result is that burst
ing takes place within a range of temperatures and over a period of time so that a succession 
of high-level sounds are produced at rapid intervals. 

A low-cost electronic device for the acoustic monitoring of the bursting of microcap
sules has been designed (see Fig. 2). Crystal microphones with simple amplifiers are used 
to detect the sound, with the possibility of arranging for the identification of a given 
microphone where several of these are linked to a single electronic detector. The amplifier 



- 5 

CRYSTAL 
MICROPHONE 

MOSFET 
BUFFER 

COAXIAL 
CABLE 

NARROW- BAND 
AMPLIFIER 
GAIN 500 AT 11kHz 

^HI-

EXTERNAL 
AUDIO-AMPLIFIER 

- » -

VARIABLE 
GAIN AMPLIFIER 
3 -100 

* 
MONITORING 
LOUDSPEAKER 

? ' 
PEAK 
DETECTOR 

15 SECOND 
INTEGRATOR 

LATCHING 
DISCRIMINATOR 

L- S 

LAMP 

ALARM 
~~""0UT 
-*- RESET IN 

Fig. 2 Acoustic microcapsule-burst detector 

excludes frequencies below 10 kHz and is designed so as to reject transient background sounds. 
A sound-level threshold can also be applied if there is a steady background noise with appre
ciable intensity above 10 kHz. 

Tests have shown that the noise produced by bursting microcapsules can be covered by a 
single microphone over an area of 15 m radius, but in a very noisy environment, this radius 
may have to be reduced. 
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