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(54) THERMOLUMINESCENT MATERIALS 

(71) We, KODAK LIMITED, a 
Company registered under the Law of 
England, of Kodak House, Kingsway, 
London W.C.2., do hereby declare the inven-

5 tion 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 des-
cribed in and by the following statement: — 

The invention relates to thermoluminescent 
10 materials. 

A thermoluminescent material is a material 
which can adsorb and store energy from 
radiation to which it is exposed and sub-
sequently release the stored energy as light 

15 upon heating. A layer of thermoluminescent 
material can therefore be used to record an 
imagewise distribution of ionizing radiation. 
In our Application No. 14857/70 there is 
described and claimed a method of making 

20 a radiograph which comprises exposing 
imagewise to X-rays a layer containing a 
thermoluminescent material which has 
negligible sensitivity to ultra-violet radiation 
of wavelength greater than 300 nm, visible 

25 light and infra-red radiation and which 
releases absorbed X-ray energy on heating to 
a temperature not greater than 150°C, heat-
ing the exposed layer in the dark when in 
contact with a photographic silver halide 

30 emulsion layer to a temperature less than 
150°C to release the latent image of stored 
energy as a transient visible image and 
thereby expose the emulsion layer, and then 
processing the exposed emulsion layer to give 

35 the desired radiograph. 
The temperature of 150°C is the maximum 

to which the photographic silver halide emul-
sion layer can be heated without undue risk 
of photographic or mechanical damage. 

40 According to the present invention there is 
provided a method of making a thermo-
luminescent material, which comprises heat-
ing cadmium sulphate in the presence of an 
alkali metal fluoride or sulphate, as a flux, 

45 with an inorganic compound of aluminium, 
manganese, neodymium, praseodymium, 
terbium^ dysprosium, holmium or bismuth, 
as a dopant. 

The thermoluminescent materials obtained 

by the method of the invention release stored 50 
energy at temperatures below 100° C. Hence 
latent images of stored energy obtained in 
thermoluminescent layers formed from them 
can be recorded by heating these layers in 
contact with silver halide emulsion layers. 55 

In preparing a thermoluminescent material 
by the method of the invention it is preferred 
to prepare an aqueous slurry of the cadmium 
sulphate, flux and dopant, to dry this slurry 
at an elevated temperature—120°C. is satis- 60 
factory—and then to heat the powder in a 
crucible to a temperature at which some 
fusion occurs. The preferred fluxes are sodium 
fluoride and sodium sulphate, the fluoride 
being particularly preferred. A silica crucible 65 
is suitable and a temperature in the range 
1000 to 1100°C. is usually required. Heat-
ing for from 5 to 10 minutes after fusion of 
the powder is desirable. 

The relative amounts of the cadmium 70 
sulphate, flux and dopant are not highly 
critical. Normally about 1% by weight of the 
flux and 0.1% by weight of the dopant, or 
dopants, should be employed. It is desirable 
to add each dopant in solution, and in the 75 
case where the compound of the chosen 
activating metal ion is water-insoluble, this 
compound can be dissolved in nitric acid 
during preparation of the slurry. 

It is possible to obtain satisfactory thermo- 80 
luminescent materials by forming a dry mix-
ture of the constituents, instead of a slurry, 
before fusion. However the light output of 
the products then tends to be lower. 

By using more than one activator, more 85 
sensitive thermoluminescent material can be 
obtained than are obtainable with a single 
activator. A second or subsequent activator 
can be selected from the metals specified 
above, or from the following additional ele- 90 
ments, lead, thallium and samarium. 

A thermoluminesecent recording material 
of the invention can be prepared by coating 
a support with a layer of the chosen lumines-
cent material dispersed in a binder and, 95 
where the solubility of the binder allows, a 
solvent. The support may conveniently be 
metallic, aluminium foil being very satis-
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factory since it facilitates the even heating 
of the coating. The binder is preferably a 
colourless transparent polymeric material, 
such as a polyester, which will not soften 

5 unduly at a temperature necessary for releas-
ing the stored energy image. If desired, such 
a binder can be used in preparing a self-
supporting thermoluminescent sheet, for 
instance by hot melt extrusion or by coating a 

10 temporary support with a solvent dispersion 
of the composition, drying the coating and 
stripping the sheet obtained from the tem-
porary support. 

Thermoluminescent layers of the invention 
15 have good recording sensitivity, being cap-

able of recording X-rays in the energy range 
1—300KV with a minimum dose in the 
millirad range. 

The invention is illustrated by the follow-
20 ing Examples. 

Example 1 
100 grams of cadmium sulphate 

(3CdS04.8H20, analytical reagent grade) 
was mixed with 50 ml distilled water and the 

25 resulting slurry stirred thoroughly. 1 Gram 
of sodium fluoride and 0.1 gram of man-
ganese sulphate were dissolved in 25 ml dis-
tilled water and this solution was added to 
the cadmium sulphate slurry. The water was 

30 then evaporated by storing overnight in an 
oven maintained at 120°C. The mixture was 
then powdered, placed in a silica crucible 
complete with lid, and fired in a furnace at 
1060°C. for 5 minutes. After heating, the 

35 thermoluminescent material was cooled in air 
and ground in an agate grinder. 

The light output of the thermoluminescent 
powder was detected by a photomultiplier 
and recorded on an X-Y recorder after 

40 receiving a standard X-ray exposure. The 
peak height of the thermoluminescent peak 
was measured, as an approximation to the 
relative light output. The most sensitive 
thermoluminescent material described in the 

45 literature is calcium sulphate activated by 
0.1% W / W manganese sulphate. This com-
pound was prepared according to the litera-
ture (B. Bjarngard, AE-109, 1963). The 
thermoluminescent light output of CaS04 : Mn 

to a given X-ray exposure was arbitrarily 50 
designated at 10 light units. On this scale 
the thermoluminophor of the invention gave 
a light output of 80 units. 

Example 2 
The procedure described in Example 1 was 55 

repeated using 1 gram of anhydrous sodium 
sulphate, instead of 1 gram of sodium fluoride, 
as the flux. The thermoluminescent material 
obtained had a light-output relative to the 
control of Example 1 of 36 units. 60 

Example 3 
Thermoluminescent materials individually 

containing a number of other metal activators 
were prepared by the procedure described in 
Example 2. The compounds used for pro- 65 
viding the metals and the appropriate relative 
light outputs were as follows: 

holmium (Ho) oxide 
praseodymium (Pr) oxide 
neodymium (Nd) oxide 
terbium (Tb) oxide 
bismuth (Bi) nitrate 
dysprosium (Dy) oxide 
aluminium (Al) oxide 
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lead (Pb) nitrate 
samarium nitrate (Sm) 
thallium (Tl) nitrate) 

70 

Example 4 75 
Thermoluminescent materials were pre-

pared by the methods of Examples 1 and 2 
using two or more activators as indicated in 
the table of results below. The dopants used 
for providing the various activitors were as 80 
specified in Examples 1 to 3 and, in the case 
of the activators not used in those Examples, 
as follows: 

85 

Each dopant was added at a concentration of 
0.1% by weight. The relative light outputs 
of the thermoluminescent materials obtained 
are tabulated below. The single-activator 90 
(Mn) results from Examples 1 and 2 are 
also included for reference. 

Relative light output 
Activating metals NaF Na2S04 
Mn 80 36 
Mn: Sm 310 200 
Mn: Pb — 8 
Mn: Pb: Sm 340 — 

Mn: Tl : Sm 370 320 
Mn: T l : Sm: Pb 354 _ 
Mn: T l : Sm: Bi 430 410 
Mn: Tl : Sm: Bi: Pb — 300 
Mn: T l : Sm: Bi: Al — 430 

It is evident that the sodium fluoride flux results in the light output from the thermo-
105 luminescent material obtained being rather greater than when sodium sulphate is used. 
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WHAT WE CLAIM IS: — 
1. A method of making a thermolumines-

cent material, which comprises heating 
cadmium sulphate in the presence of an 

5 alkali metal fluoride or sulphide, as a flux, 
with an inorganic compound of aluminium, 
manganese, neodymium, praseodymium, 
terbium, dysprosium, holmium or bismuth, 
as a dopant. 

10 2. A method according to Claim 1 wherein 
the reactants and flux are in the form of 
powder prepared by forming and drying an 
aqueous slurry. 

3. A method according to Claim 2 wherein 
15 the inorganic compound is water-insoluble 

and nitric acid is included in the slurry to 
dissolve the compound. 

4. A method according to Claim 1 or 2 
wherein the reactants and flux are heated to 

20 a temperature at which some fusion occurs. 
5. A method according to any of the pre-

ceding claims wherein cadmium sulphate is 

heated with at least one additional water-
soluble inorganic salt of another of the metals 
specified in Claim 1 or of lead, thallium and 25 
samarium. 

6. A method of making a thermolumines-
cent material substantially as described in any 
of the Examples herein. 

7. A thermoluminescent material made by 30 
a method according to any of the preceding 
claims. 

8. A layer-forming composition compris-
ing a thermoluminescent material according 
to Claim 7 dispersed in a polymeric binder. 35 

9. A thermoluminescent recording material 
which comprises a support bearing a layer of 
a composition according to Claim 8. 

10. A thermoluminescent recording 
material which comprises a self-supporting 40 
layer of a composition according to Claim 8. 

L. A. TRANGMAR, B.Sc., C.P.A., 
Agent for the Applicants. 
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