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(57) ABSTRACT 
An inorganic vitreous detector material which in princi 
ple is composed of the three-component system consist 
ing of metaphosphoric acid, aluminum metaphosphate, 
and zinc oxide, is used for the determination of the 
energy of particles of high energy. Such a material may 
additionally contain silicon dioxide and boron trioxide. 

4 Claims, 5 Drawing Figures 
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INORGANIC VTREOUS DETECTOR MATERAL 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 
1. FIELD OF THE INVENTION 
The present invention relates to vitreous detector 

material and more particularly to inorganic vitreous 
detector material of high energy resolution, to a process 
of making such detector material, and to its use espe 
cially for determining the energy of particles of high 
energy. 

2. DESCRIPTION OF THE PRIOR ART 
Energy-rich particles and more particularly heavy 

ions and fission products, when impinging upon or pen 
etrating into insulator materials, produce tracks or 
marks which can be made visible under a microscope, 
for instance after treatment with suitable solvents or 
etching means. In addition to the number of impinging 
particles, the energy of the particles recorded is of par 
ticular importance. 
Thus it is known, for instance, that the track charac 

teristics in solids permit to draw conclusions as to the 
energy of vertically impinging particles. See, for in 
stance H. Ait-Salem et al. in "Nuclear Instruments and 
Methods" vol. 60 (1968), page 45; E. V. Benton et al. in 
"Nuclear Instruments and Methods' vol. 67 (1969), 
page 87; and G. Somogyi et al. in "Nuclear Instruments 
and Methods" vol. 63 (1968), page 189. In this connec 
tion the diameter of the etched hole proves a suitable 
value for the measurement. While with short etching 
times only a slight change of the diameter as a function 
of the energy of the fission products is obtained, a defi 
nite increase in the diameter of the etched hole in rela 
tion to the energy is observed on prolonged etching. 
For such a use, glasses have proved to be superior to 
plastics which show too slight a dependence on energy, 
or to crystals which, due to their properties of anisot 
ropy, yield asymmetrical holes (see in this respect U. 
Hoppner et al. in “Nuclear Instruments and Methods' 
vol. 74 (1969), page 285. 

In general, the etching times of glass materials bom 
barded with particles are, however, somewhat re 
stricted. This is due, on the one hand, to the fact that by 
the "fringing out" of the holes, i.e. to the fact that the 
initially etched points of impact become irregular, an 
exact determination of the diameter of the hole is no 
longer possible and, on the other hand, to the fact that 
they can no longer be measured unequivocally due to 
too low a contrast in the microscope or even no con 
trast at all. 

SUMMARY OF THE INVENTION 
It is one object of the present invention to provide a 

vitreous detector material which assures a high energy 
resolution by causing the particles to impinge upon said 
material, to produce places of damage in the glass struc 
ture which differ distinctly from the impinged vicinity. 
Furthermore, the etching procedure should proceed in 
such a manner that more deeply penetrating particles, 
i.e. particles which are richer in energy, will produce 
wider holes and, in addition thereto, the places of dam 
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2 
age should have approximately circular shapes at the 
surface even after prolonged etching. 
Another object of the present invention is to provide 

a simple and effective process of producing such a vitre 
ous detector material. 
A further object of the present invention is to use 

such a vitreous detector material for determining the 
energy of particles of high energy, such as heavy ions, 
fission products, and others. 
Other objects of the present invention and advanta 

geous features thereof will become apparent as the de 
scription proceeds. 
These objects are achieved in accordance with the 

present invention by providing a detector material 
which is basically composed of a three-component sys 
ten consisting of metaphosphoric acid, aluminum meta 
phosphate, and zinc oxide in the following limits of 
concentration in weight percent: 
20 to 60% of metaphosphoric acid HPO3, 
30 to 80% of aluminum metaphosphate Al(PO3)3, 

and 
2 to 30% of zinc oxide ZnO. 
In accordance with a particular embodiment of the 

present invention, such a vitreous material may also 
contain in addition up to 10%, by weight, of silicon 
dioxide SiO2 and/or boron trioxide B2O3. 
According to another embodiment of the present 

invention, it is also possible for reasons of glass technol 
ogy to admix up to 5%, by weight, of conventional glass 
components, for instance, oxides and/or metaphos 
phates, to the three-component basic system. 

It has been found that the tracks or marks of the 
impinging particles, after initial etching with different 
etching agents such as acids or bases, leave only nonus 
able traces not only in fluorine-containing glasses and in 
glasses of high silicate content, but also in glasses of a 
high lanthanum content. On the other hand, clearer and 
better visible tracks or marks could be obtained when 
using certain suitable etching agents in borate glasses. 
The best results, however, were obtained by the materi 
als based on phosphoric acid according to the present 
invention. Such materials showed by far the greatest 
dependency on energy. 
The glasses according to the present invention are 

produced, for instance, in an electric furnace by melting 
in a platinum crucible a homogeneous starting batch at 
1200' C. to 1400 C. within 30 minutes to 60 minutes, 
whereafter the melt is poured onto a metal plate pre 
heated to about 200 C. The resulting glass is then tem 
pered so as to be free of stresses. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The attached drawings further illustrate the present 
invention. In said drawings 
FIG. 1 is a diagrammatic view of the three-compo 

nent basic system ZnO-Al(PO3)3-HPO3 with the 
vitreous range indicated. 

FIG. 2 shows the diameters of the holes after differ 
ent etching times as a function of the energy; 

FIG. 3 shows the diameters of the holes as a function 
of the energy for different materials; 

FIG. 4 shows the energy distribution curve of fission 
fragments for the spontaneous nuclear fission of 252Cf. 
FIG. 5 shows the energy distribution curve of fission 

fragments for the electron-induced nuclear fission of 
232Th after etching. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following example serves to demonstrate the 
detector properties of a glass which is composed of the 
three-component basic system as well as of two addi 
tional components. 

Weight % Mol?% 
ZnO 9.0 13.6 
Al(PO) 34.2 32.9 
HPOs 5.3 44.5 
B2O3 4.5 7.9 
SiO2 1.0 2. 

When considering merely the three basic components 
which constitute 91.0 mol% in the above example and 
calculating them to make up 100 mol%, the following 
values are obtained: 

Mol.% Mol.% Weight.% 

13.6 ZnO 4.9 ZnO 6.8 ZnO 
32.9 Al(PO3)3 36, Al(PO3)3 - 53.9 Al(PO3)3 
44.5 HPO 49.0 HPO 39.3 HPO. 
(X - 91%) (X = 100%) (X = 100%) 

In FIG. 1 the three-component basic system 
ZnO-Al(PO3)3-HPO3 is shown in the form of a ter 
nary diagram. 
The solid line a represents the boundary of the vitre 

ous range of a 20 g. melt. The solid dots indicate glasses 
which lie outside said vitreous range and which, there 
fore, have more or less pronounced tendencies to crys 
tallize, while the empty dots indicate glasses which do 
not show any tendency to crystallize. 

In the hatched region there are located the optimum 
glasses which thus are particularly well suited for use as 
detector material. Point c within the region bindicates 
the above-mentioned specific example which was en 
tered in this graph after the three main components had 
been calculated and made up to yield 100%. As seen 
from FIG. 1, the hatched region encompasses composi 
tions wherein the Al(PO3)3 content ranges from about 
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+0.6 um. In order to determine the average diameter of 
the holes for a given particle energy, up to 100 holes 
were measured in each case. 

In FIG. 2 there are set forth the results obtained for 
heavy fission products of the mass of 135 GMU-GMU 
standing for "General Mass Unit" and indicating the 
mass of the protons-and for lighter fission products of 
the masses of 96 GMU and 102 GMU. The diameter of 
the hole is indicated after different etching times as a 
function of the energy. The solid circles represent the 
fission products of heavy mass (135 GMU); the hollow 
circles represent fission products with the lighter masses 
(96 GMU and 102 GMU). The corresponding etching 
times (by means of 10 N sodium hydroxide solution at 
55 C.) increase from Example 8 to Example 1 accord 
ing to the following table: 

Example Etching time in minutes 
20 
60 
50 
270 
50 
1020 
2500 
5000 

It is evident that hole diameters of up to 150 um. can 
still be evaluated without difficulty, while when using 
the heretofore known detector materials, the maximum 
limit was at about 50 m. 
A very good energy resolution from 1.5 to 2 MeV 

could be obtained. Such a resolution corresponds to 
that of solid barrier-layer counters for fission products. 
Furthermore, it can be noted from FIG. 2 that lighter 
masses give somewhat larger diameters at the same 
etching time. This undesired mass "effect' is, however, 
very small as compared with that encountered in the 
case of known detector materials. 
FIG. 3 clearly shows the superiority of the energy 

resolution of a glass according to the present invention 
as compared with that of known materials. The follow 
ing Table sets forth the individual materials as well as 
the corresponding etching conditions: 

Reference No. Material Etching conditions 
9 Collodion 50 C. 30 min. 6 N NaOH 
10 Slide glass 22 C. 100 min 48% HF 
11 Optical glass 20 C. 70 min A10 N HNO3 

"PSK 53" 
2 Class according to 55 C. 200 min O N NaOH 

the present 
invention 

40 to 60% by weight, HPO3 content ranges from about 55 It is evident that the size of the hole diameter in the 
30 to 45% by weight and the ZnO content ranges from 
about 2 to 22% by weight. 

This glass was irradiated with fission products of 
exactly known mass and definite energy and was then 
etched with a 10 N sodium hydroxide solution at a 
temperature of 55° C. for 5000 minutes. At lower tem 
peratures the etching time had to be increased very 
considerably while at higher temperatures the holes 
were no longer circular. 
The accuracy with which differences in diameter of 

the holes can still be resolved by means of photomicro 
scopic methods is dependent essentially on the parame 
ters specific to the microscope employed and is about 

60 

SS 

case of the known detector materials collodion, slide 
glass, and optical glass "PSK 53' increases only insig 
nificantly, if at all, when the energy varies within a 
range of 10 MeV to 90 MeV. 

In contrast thereto, the detector material of the pres 
ent invention shows a clearly steeper curve and thus a 
far greater dependence of the specific hole diameter on 
the particle energy. 

Surprisingly it was found that the detector material 
according to the present invention is particularly supe 
rior to other known detector materials-such as, for 
instance, the known solid-state barrier-layer counters 
when, in addition to heavy ions, there is also present 
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an additional high background, for instance, of elec 
trons or y-quanta, provided that the heavy ions are 
substantially insensitive to the electrons or y-rays. This 
property found in the material of the present invention 
renders particularly advantageous its use as an energy 
resolving detector for particles of high energy. Thus the 
new material was placed at a distance of about 3 cm. 
away in the near range of an electron beam of an inten 
sity of 1 LA and an energy of 10 MeV for about 20 
hours. While other types of glass were completely de 
stroyed after etching under this long-time exposure, the 
glass according to the invention showed merely a slight 
pink coloration. Traces of fission products could still be 
measured in a satisfactory manner after such an irradia 
tion. 
As an example of one possibility of use of the new 

material as energy-resolving detector material there are 
shown in FIGS. 4 and 5 the energy distribution curves 
of fission fragments for the spontaneous nuclear fission 
of 252Cf and for the electron induced nuclear fission of 
232Th. 

In FIG. 4 there is drawn a dashed line curved which 
is based on measurements made by Schmitt et al. (see 
"Physical Review" vol. 137 B (1965), page 837) with 
silicon solid-state barrier-layer counters. Rather good 
agreement can be noted with the measured-value curve 
consisting of individual "measurement bars' e which 
was obtained after evaluation of the etched detector 
material according to the present invention. About the 
same half-widths values result with respect to the two 
comparable peaks A and B in each case. 
The curve in FIG. 5 also shows a very good energy 

resolution with half-widths values of the two peaks of 
15 MeV and 16 MeV. 

It was also found that it is possible, for instance, with 
the detector material of the present invention to deter 
mine differences in the depth of the valley between the 
two peaks for different electron energies and to con 
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6 
clude therefrom whether the mass distribution on nu 
clear fission are symmetrical or asymmetrical. 

I claim: 
1. An inorganic vitreous detector material having the 

properties of excellent energy resolution for impinging 
heavy ions and fission products, a high dependence of 
specific hole diameter with respect to impinging parti 
cle energy and as being substantially insensitive to back 
ground electrons and gamma-rays, said material consist 
ing essentially of: 

a silicon dioxide SiO2 and boron trioxide B2O3 in an 
amount not exceeding about 10% by weight; and 

b. the balance, a three-component basic system con 
sisting essentially of metaphosphoric acid, alumi 
num metaphosphate and zinc oxide within the fol 
lowing concentration limits: 
about 20 to 60% by weight of metaphosphoric acid 
HPO3, 

about 30 to 80% by weight of aluminum metaphos 
phate Al(PO3)3, and 

about 2 to 30% by weight of zinc oxide ZnO. 
2. The inorganic vitrenus detector material as defined 

by claim 1, wherein the concentration limits of said 
metaphosphoric acid, aluminum metaphosphate and 
zinc oxide are determined by the boundaries of the 
hatched area of the ternary diagram in FIG. 1. 

3. The inorganic vitreous detector material as defined 
by claim 1, wherein said silicon dioxide SiO2 is present 
in an amount of about 1% by weight and said boron 
trioxide is present in an amount of about 4.5% by 
weight. 

4. The inorganic vitreous detector material as defined 
by claim 1, consisting essentially of: 

9.0%, by weight, of zinc oxide ZnO, 
34.2%, by weight, of aluminum metaphosphate Al(- 

PO3)3, 
51.3%, by weight, of metaphosphoric acid HPO3, 
4.5%, by weight, of boron trioxide B2O3, and 
1.0%, by weight, of silicon dioxide SiO2. 


