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( 7 1 ) W e , ANALYTICAL INSTRUMENTS 
LIMITED, a British Company, of London 
Road, Pampisford, Cambridge, (formerly 
of Green Lane, Fowlmere, Royston, Hert-

5 forshire), do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly de-
scribed in and by the following statement: 

10 The present invention concerns ionisation 
detectors in which ionisation of gaseous 
matter within a detector is promoted by 
emission from a radio-active source. Ex-
amples of such detectors are electron cap-

15 ture detectors, ionisation cross-section de-
tectors and argon ionisation detectors. 

Such detectors comprise an ionisation 
chamber containing a radio-active source as 
an internal /? emitter. The chamber can 

20 have various goemetries, for example, plane 
parallel electrodes, or co-axial cylindrical 
electrodes in which the inner electrode can 
be in the form of a thin rod, and the /? 
emitter can be chosen from a number of 

25 radio-active sources. The most popular /3 
emitter is tritium which is occluded in a 
carrier such as titanium. However it is 
frequently necessary to operate the detec-
tors at elevated temperatures, for example 

'0 temperatures in excess of 200 °C, and at 
such temperatures the tritium can escape 
to the atmosphere thus producing an un-
acceptable radiation hazard. The present 
invention seeks to overcome this disadvan-

35 tage whilst still retaining tritium as the /3 
emitter in the detector. 

According to one aspect of the present 
invention a radio-active source for use in 
an ionisation detector comprises a radio-

4 0 active tritiated carrier which is coated with 
a thin layer of a low density inert material. 
The term "inert material" as used herein 
in the specification and claims denotes a 
material which is not itself radioactive and 

45 is not affected by radiation from a radio-

active source. 
The carrier can comprise a thin layer of 

titanium which is deposited on a backing 
foil, for example a copper or stainless steel 
foil. A suitable inert material is aluminium 50 
which is deposited on to the titanium. 
The thickness of the deposited inert material 
can be less than one micron. 

According to another aspect of the pres-
ent invention there is provided an ionisa- 5 s 

tion detector comprising an ionisation cham-
ber containing a radio-active source as a /3 
emitter, the fi emitter being tritium occluded 
in a carrier and the tritiated carrier being „ 
coated with a thin layer of an inert low 
density material. 

The invention will be described further, 
by way of example, with reference to the 
drawings accompanying the provisional 
specification; in which:— 65 

Fig. 1 is a diagrammatic representation 
of one form of ionisation detector, and 

Fig. 2 is a graph depicting the ion dis-
tribution along the path of a typical ft 
particle in an electron capture detector. 70 

Fig. 1 illustrates a cylindrical detector, 
and this is given merely as an example, it 
being realised that other geometries are 
possible. 

The detector comprises an outer cylin- 75 
der 1 serving as one electrode surrounding 
an elongate thin wire or rod 2 serving as 
the second electrode and mounted along 
the longitudinal axis of the cylinder 1. The 
second electrode is supported within the 80 
first electrode by bushes* of electrically in-
sulating material 3. A gas inlet 4 and an 
outlet 5 are provided at opposite ends of 
the so-formed ionisation chamber. Nor-
mally the outer electrode 1 is the cathode 85 
and the electrode 2 is the anode or collec-
tor and a DC or pulsating DC potential 
can be applied between the two electrodes. 

The radio-active source is formed about 
the bore of the outer electrode 1 and pre- 90 
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ferably the source extends the length of the 
ionisation chamber between the inlet and 
the outlet. Conveniently the source can be 
formed as a cylindrical sleeve 6 which fits 

5 within the cell about the bore of the outer 
electrode. 

In use a carrier gas is drawn through 
the chamber and the /? particles emitted by 
the source ionise the gas. The positive and 

10 negative ions are atttracted to the respec-
tive negative and positive electrodes to 
establish a standing current. The ion den-
sity along a typical /3 path is shown in Fig. 
2. As shown the ion density gradually in-

15 creases to a maximum and then falls rapidly 
at the end of the path of the [3 particle. 

An increased ion density can be pro-
duced upon reducing the energy of the /? 
particles emitted by the radio-active source. 

20 A reduction in the energy of the ft par-
ticles leads to a reduction in the distance 
between the electrodes in the ionisation 
chamber, and hence a reduction in the 
volume of the ionisation chamber. A re-

25 duction in the volume of the chamber re-
sults in faster response times and greater 
sensitivity due to an increased ion density. 

A reduction in the energy of the /? par-
ticles can be achieved by depositing a thin 

30 film of inert material on the surface of the 
radio-active source. The inert material can 
be a metal. The thickness of the deposited 
film of inert material can be controlled by 
first establishing the ion current produced 

35 by the uncovered source and then depositing 
the film on the source until the ion current, 
at the same operating conditions, is reduced 
to a certain fraction of its original value — 
for example to a half of its original value. 

40 With tritium as the radio-active material 
such a source can be prepared by occluding 
the tritium in a layer of titanium which 
is deposited on a backing material, for ex-
ample stainless steel or copper. A suitable 

45 inert material for depositing on the tritiated 
titanium would be aluminium or other light-
weight metal. The thickness of the layer of 
inert material can be less than one micron. 

The coating of the source results in 
50 another major advantage. A conventional 

tritium source, in which the tritium is 
occluded in a carrier such as titanium, 
exhibits a loss of tritium into the carrier gas 
within the ionisation chamber. This loss in-

55 creases with temperature and the detectors 
are frequently required to operate at 
elevated temperatures. The escaping tritium 
constitutes a radiation hazard. For ex-
ample, the tritium loss from a 500 mci 

60 source can be in the region of 20 Ci/hour 
at a temperature of 200 °C. As a safeguard 
it is generally recommended that tritium 
sources are not to be employed in detectors 
which are required to operate at tempera-

6 5 tures in the region of 200°C and above. 

This drawback can be avoided by coating 
the source with the thin layer of inert 
material. The layer of inert material effec-
tively reduces the tritium loss so enabling 
the detector to be operated without hazard 70 
at temperatures in excess of 200°C. 

Finally the noise level from a clean elec-
tron capture detector with a clean carrier 
gas passing through the detector is depen-
dent on the statistical variation of the 75 
emissions from the radio-active source. 
For example, a reduction in the mean 
energy of the (3 particles by a factor of 2 
and an increase in the number of jS particles 
emitted per second by a factor of 2 will 80 
result in approximately the same ion cur-
rent but a reduction in noise level by a fac-
tor of V2. 

A suitable radio-active source for use in „ , 
a detector as shown in Fig. 1 can be formed 
from a thin foil of copper or stainless steel, 
for example having a thickness of 0.25 mm, 
on to which is deposited a thin layer of 
titanium containing the tritium. The tritiated 
layer is then coated with a thin layer of ™ 
aluminium. The source can be formed as 
a strip 10mm wide and having a length 
from 20 to 50 mm which is then shaped 
into a cylinder to fit within the ionisation q 
chamber. For example, the source can be a 
cylinder of length 30 mm and a diameter 
of approximately 3.2 mm. 

As the coating is applied in a thin layer it 
is more realistic to assess the coating thick-
ness by reference to the attenuation of the 100 
ft flux. The coating can be chosen to 
attenuate the /? flux to a certain fraction 
of its original value. In general the coating 
can be such as to attenuate the original /? 
flux to between 60% and 10% of 1 0 5 

its value emanating from the un-
coated source. For example, a source can 
have a coating applied to its radio-active 
layer which will reduce the flux to 50% 
of its original value. Other fractions can 110 
be obtained as required by changing the 
amount of coating applied to the radio-
active layer. 

As mentioned, the coating is chosen from 
a low density material, preferably a metal 115 
which can be plated. As an alternative to 
aluminium the inert coating can be provided 
by a layer of titanium. Other metallic 
coatings can be employed provided that they 
can be applied to the radio-active layer to 120 
produce the required flux attenuation. 

WHAT WE CLAIM IS: — 
1. A radio-active source for use in 

an ionisation detector comprising a radio- 125 
active tritiated carrier coated with a thin 
layer of a low density inert material. 

2. A radio-active source as claimed in 
claim 1 in which the carrier comprises a 
layer of titanium which is deposited on 130 
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a backing foil. 
3. A radio-active source as claimed in 

claim 2 in which the backing foil is a 
copper or stainless steel foil. 

5 4. A radio-active source as claimed in 
claim 1, 2 or 3 in which the layer of a 
low density inert material comprises a light-
weight metal. 

5. A radio-active source as claimed in 
10 claim 4 in which the light-weight metal 

is aluminium. 
6. A radio-active source as claimed in 

claim 4 or 5 in which the thickness of the 

metal layer is less than one micron. 
7. A radio-active source as claimed in 15 

claim 1 substantially as herein described. 
8. An ionisation detector comprising an 

ionisation chamber containing a radio-
active source as a /3 emitter, the /? emitter 
being tritium occluded in a carrier and 20 
the tritiated carrier being coated with a 
thin layer of an inert low density material. 

9. An ionisation detector as claimed in 
claim 8 substantially as herein described. 

GEOFFREY OWEN & CO., 
Agents for the Applicants. 
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