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(54) Radiation dosimeter 

(57) A radiation dosimeter comprises 
a thermoluminescent phosphor in-
corporated in matrix of polyethersul-
phone. The dosimeter is preferably 
a thin film formed by spreading a 
suspension of a powdered phosphor 
in a solution of polyethersulphone 
onto a flat surface. The solvent for 
the polyethersulphone is a mixture 
of a n-methyl-2-pyrrolidone and xy-
lene in equal proportions. A thin, 
inert film of polyethersulphone can 
be cemented to one surface of the 
dosimeter so as to provide a skin 
dosimeter. 

This print embodies corrections made under Section 117(1) of the Patents Act 1977. 
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SPECIFICATION 

Improvements in or relating to radiation 
detectors 

5 
The invention relates to radiation dosimeters. 

A known type of meter for monitoring radia-
tion dose is the thermoluminescent dosimeter. 
When irradiated, a proportion of the electrons 

10 in the thermoluminescent material contained 
therein is excited to a relatively stable upper 
level. On subsequent heating of the material 
the excited electrons fall back to lower energy 
levels emitting photons in the process. Thus 

1 5 by detecting the emitted photons the total 
radiation dose to which the termoluminescent 
material was subjected can be determined. 
Thermoluminescent dosimeters are known 
wherein the thermoluminescent material is 

2 0 bound within a matrix of PTFE. Thin film 
dosimeters of this known type of material 
h'ave been produced by microtoming the re-
quired thickness from a cast block. This leads 
to grains of the thermoluminescent material 

2 5 escaping or to a curling and stretching of the 
thin film dosimeter. 

The object of the invention is to provide a 
thermoluminescent dosimeter which is simpler 
to manufacture and more sensitive than 

3 0 known dosimeters of this type. 
According to the invention a radiation dosi-

meter consists of a thermoluminescent phos-
phor incorporated in a matrix of polyethersul-
phone. Preferably the dosimeter is in the form 

3 5 of a thin film which may be made of a 
thickness equal to that of the radiation-sensi-
tive region underneath human skin. An inert 
coating may then be provided on the surface 
of the dosimeter so as to simulate human 

4 0 skin. 
The invention also comprises a method of 

making a thin film dosimeter comprising the 
step of spreading a suspension of a powdered 
thermoluminescent phosphor in a solution of 

4 5 polyethersulphone onto a surface so as to 
produce a thin film of uniform thickness. 

Preferably the solvent for the polyethersul-
phone is a mixture of xylene and n-methyl-2-
pyrrolidone in equal proportions. The polyeth-

5 0 ersulphone is preferably added to make up 
30% by weight. After adding the powdered 
phosphor to the solution it is advantageous to 
grind the mixture in a ball mill until the 
maximum dimension of the phosphor grains is 

5 5 approximately equal to the required thickness 
of the thin film dosimeter. 

Preferably the grounded mixture is spread 
onto a flat glass surface using a doctor blade 
adjusted to spread to the required thickness 

6 0 for the thin film dosimeter. After setting, the 
thin film can be peeled from the glass and 
dosimeters of the desired shape and size 
punched out therefrom. 

In order to provide an inert coating on one 
6 5 surface of the radiation dosimeter a thin film 

of polyethersulphone can be bonded thereon 
using a cement which is preferably a mixture 
of 4 0 % polyethersulphone and 60% of xy-
l ene / n-methyl-2-pyrralidone. The cement may 

7 0 alternatively be dimethylformamide or dichlo-
romethane. 

The dosimeter consists of a thermolumines-
cent phosphor incorporated into a high tem-
perature plastics matrix made of polyethersul-

7 5 phone supplied by ICI Ltd. A 30% solution by 
weight of polyethersulphone and a solvent, 
comprising xylene and n-methyl-2-pyrrolidone 
in equal proportions, is made up. A thermolu-
minescent phosphor, lithium fluoride, is added 

8 0 in powdered form to a proportion of 30% by 
weight. The mixture is then ground in a ball 
mill until the phosphor grains are of the 
required size: the size requirement being de-
termined by the desired thickness of the thin 

8 5 film dosimeter. Where it is desired that the 
film thickness should be about 2 0 [i then the 
mixture is ground until the maximum grain 
size is also about 2 0 jit. The ground mixture is 
spread onto a plain glass plate using a doctor 

9 0 blade such that the mixture is deposited to the 
desired depth of 2 0 /t. The dotor blade is 
provided with adjustable spacers so that it can 
be set at a predetermined height above the 
surface of the glass plate. The plastics/phos-

9 5 phor mixture is then left to dry at room 
temperature for 4 8 hours. The plastics film 
can be peeled off the glass plate and dosimet-
ers of desired shape and size punched out 
from the film. 

1 0 0 One example of dosimeter made according 
to the invention with a thickness of 2 0 ju, and 
containing 30% by weight of lithium fluoride 
gave an accuracy of 2% for radiation doses of 
1 rad or more. Dosimeters have been made 

1 0 5 with a 60% proportion of lithium fluoride by 
weight and it is thought that the proportion 
could be increased to 80%. 

In order to make thin film dosimeters re-
quiring grinding of the thermoluminescent 

1 1 0 phosphor to produce a maximum selected 
phosphor grain size, it is necessary to select a 
solvent for the polyethersulphone which evap-
orates sufficiently slowly. If, however, quick 
manufacture is required a solvent can be used 

11 5 such as a mixture of dichloromethane and 
trichloromethane in equal proportions, which 
will evaporate almost immediately. 

Dosimeters according to the invention could 
be used as personnel dosimeters in areas of 

1 2 0 high radiation as for example in or near nu-
cleur power plants or in areas where radio-
active materials are handled. Such dosimeters 
can readily be made to simulate human skin 
by providing a thermoluminescent phoshor 

1 2 5 film of ~ 5 mg cm " 2 thickness to simulate the 
sensitive region under the skin, and providing 
an inert coating on the film surface to simu-
late the outer insensitive skin. 

The International Commission on Radiologi-
1 3 0 cal Protection has suggested that a skin dosi-
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meter should consist of a 5 m g / c m 2 detector 
beneath a 5 m g / c m 2 window. The polyether-
sulphone thin film dosimeter can be heat 
bonded to a sheet of polyethersulphone at a 

5 temperature of 2 5 0 ° C and a pressure of about 
2 5 g / c m 2 . This method, however, possesses 
a number of drawbacks. The pressure and 
temperature must be applied uniformly and be 
strictly controlled. This temperature can drasti-

1 0 cally change the structural and optical proper-
ties of the dosimeter. The polyethersulphone 
can be dissolved in a number of solvents and 
thus the thin film phosphor can be adhered 
onto a polyethersulphone base using a cement 

1 5 such as dimethylformamide or dichlorometh-
ane. The best results have been obtained 
using a cement comprising a mixture of 4 0 % 
polyethersulphone and 6 0 % xylene/n-methyl-
2-pyrralidone. A thin layer of this cement is 

2 0 spread with a brush onto a sheet of polyether-
sulphone and left for twenty minutes. A thin 
film of polyethersulphone phosphor is then 
placed on the tacky surface and rolled flat. 
The resulting bond has held for a large num-

2 5 ber of read out and anneal cycles (25 seconds 
at 2 5 0 ° C and 16 seconds at 300°C) without 
showing signs of damage. This method of 
bonding overcomes the disadvantages of heat 
bonding and individual dosimeters can be 

3 0 made by punching out the required shapes 
from a sheet of dosimeter material cemented 
to a polyethersulphone sheet. 

Polyethersulphone dosimeters are much 
simpler to make than known PTFE dosimeters. 

3 5 The cost of manufacture of polyethersulphone 
dosimeters will thus be less than the cost of 
making PTFE dosimeters. In addition the poly-
ethersulphone is optically less dense than 
PTFE and therefore dosimeters made accord-

4 0 ing to the invention can be made more sensi-
tive than equivalent dosimeters made from 
PTFE. The much higher density of PTFE com-
pared to polyethersulphone is also a disadvan-
tage when thin films are required. 

4 5 As will be apparent to those skilled in the 
art, variations in the embodiments described 
can be made within the scope of the inven-
tion. 

5 0 CLAIMS 
1. A radiation dosimeter comprising a 

thermoluminescent phosphor incorporated in a 
matrix of polyethersulphone. 

2 . A radiation dosimeter as claimed in 
5 5 claim 1 wherein the dosimeter is in the form 

of a thin film. 
3. A radiation dosimeter as claimed in 

claim 2 wherein the thin film is made of a 
thickness equal to that of the radiation-sensi-

6 0 tive regions underneath human skin and an 
inert coating is provided on the surface of the 
dosimeter so as to simulate human skin. 

4 . A radiation dosimeter as claimed in 
claim 3 wherein the inert coating is a layer of 

6 5 polyethersulphone. 

5 . A method of making a radiation dosi-
meter as claimed in anyone of claims 2 to 4 
comprising the step of spreading a suspension 
of a powdered thermoluminescent phosphor 

7 0 in a solution of polyethersulphone onto a 
surface so as to produce a thin film of uniform 
thickness. 

6 . A method of making a radiation dosi-
meter as claimed in claim 5 wherein the 

7 5 solvent for the polyethersulphone is a mixture 
of xylene and n-methyl-2-pyrrolidone in equal 
proportions. 

7 . A method of making a radiation dosi-
meter as claimed in claim 6 wherein the 

8 0 polyethersulphone is added to make up 3 0 % 
by weight of the solution. 

8 . A method of making a radiation dosi-
meter as claimed in anyone of claims 5 to 7 
comprising the steps of adding the powdered 

8 5 phoshor to the solution to form the suspen-
sion and then grinding the mixture in a ball 
mill until the maximum dimension of the 
phosphor grains is approximately equal to the 
required thickness of the thin film dosimeter. 

9 0 9. A method of making a radiation dosi-
meter according to anyone of claims 5 to 8 
wherein the suspension is spread onto a flat 
glass surface using a doctor blade adjusted to 
spread to the required thickness for the thin 

9 5 film dosimeter. 
10 . A method of making a radiation dosi-

meter according to claim 9 comprising the 
successive steps of allowing the suspension to 
set, peeling the thin film thus set from the 

1 0 0 glass and punching out dosimeters of the 
desired shape and size therefrom. 

11. A method of making a radiation dosi-
meter according to any one of claims 5 to 1 0 
comprising the additional step of bonding an 

1 0 5 inert thin film coating of poyethersulphone 
onto a surface of the dosimeter by means of a 
cement. 

12 . A method of making a radiation dosi-
meter according to claim 11 wherein the 

1 1 0 cement comprises a mixture of 4 0 % polyeth-
ersulphone and 6 0 % of xylene and n-methyl-
2-pyrralidone in equal proportions. 

13 . A method of making a radiation dosi-
meter according to claim 11 wherein the 

1 1 5 cement is dimethylformamide. 
14 . A method of making a radiation dosi-

meter according to claim 11 wherein the 
cement is dichloromethane. 

15 . A method of making a radiation dosi-
1 2 0 meter substantially as hereinbefore described. 
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