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[57 ] ABSTRACT 

An image screen of a dark trace cathode ray tube 
comprises a substrate having a novel sodalite cath 
odochromic layer thereon. The novel sodalite is char 
acterized in that it is spherically shaped, porous and 
contains a sodium halide de?ciency of 10 — 20 weight 
percent. The novel sodalite is prepared by a hydro 
thermal growth technique employing excess sodium 
hydroxide and sodium halide and wherein the reaction 
vessel is heated to a uniform temperature and rapidly 
cooled to prevent growth of dedcahedral crystals. 

5 Claims, 3 Drawing Figures 
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CATHODOCHROMIC IMAGE SCREEN AND 
METHOD FOR PREPARING CATHODOCHROMIC 

SODALITE FOR SAID IMAGE SCREEN 

BACKGROUND OF THE INVENTION 

This invention relates to an improved cathodoch 
romic image screen of a dark trace cathode ray tube 
and more particularly to an improved sodalite material 
useful in such screens and the method of preparation 
of this sodalite. 

Sodalite is known to be a photochromic material as 
illustrated in U. S. Pat. No. 2,761,846 issued to David 
B. Medved. In addition, the use of sodalite as a cath 
odochromic material in dark trace ray tubes is de 
scribed in US. Pat. No. 2,752,521 issued to Henry F. 
lvey. The term photochromic materials as used herein 
refers to materials which can be reversibly switched 
from one absorption state to another absorption state 
by means of light. The term cathodochromic material 
as used herein refers to materials which can be colored 
by means of electron beam bombardment, which color 
ation can be removed by means of heat. 
An important feature of any cathodochromic device 

such as a dark trace cathode ray tube is the contrast 

ratio and gray scale attainable. It is, of course, pre 
ferred to have as high a maximum obtainable contrast 
ratio as possible. 

In the past, sodalite has been prepared mainly in an 
effort to enhance its photochromic properties and 
there was no realization of the fact that requirements 
for preparing sodalite having a high contrast ratio for 
use as a cathodochromic material are different from 
the requirements for the preparation of sodalite useful 
as a photochromic material. Prior art sodalite typically 
exhibited the dodecahedral crystal structure when ex 
amined under an electron microscope. Dark trace cath 
ode ray tubes employing sodalite prepared by prior art 
techniques typically have maximum cathodochromic 
contrast ratios in the range of about 3:1 to 7:1. This 
limit in contrast ratio also limits the gray scale attain 
able in these tubes. I have discovered a method for pre 
paring sodalite useful in a cathodochromic image 
screen, which has a cathodochrmoic contrast ratio at 
saturation in the neighborhood of at least 20 to l and 
as high as 50 to 1. While the cathodochromic contrast 
ratio of this sodalite is high, the photochromic contrast 
ratio attainable in this material is low, for example, in 
the neighborhood of 3 to 1. In addition, the novel soda 
lite has unique physical characteristics. 

SUMMARY OF THE INVENTION 

A cathodochromic image screen comprises a sub 
strate having a layer of cathodochromic sodalite 
thereon. The cathodochromic sodalite is characterized 
by the fact that as observed under an electron micro 
scope the sodalite particles are essentially spherically 
shaped having a fairly uniform diameter. 
The novel spherically shaped sodalite particles are 

prepared by a novel hydrothermal crystal growth tech 
nique The novel hydrothermal growth technique com 
prises the steps of preparing an aqueous growth mix 
ture comprising aluminum oxide, silicon dioxide, so 
dium hydroxide and a sodium halide. The aluminum 
oxide and silicon dioxide are in stoichiometric propor 
tions while the sodium hydroxide and sodium halide are 
in excess of stoichiometric ratios. This growth mixture 
or slurry is sealed in a hydrothermal reaction bomb. 
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The reaction bomb is heated to the desired tempera 
ture, which temperature is a function of the concentra 
tion of the materials in the slurry and the reaction pres— 
sure. The temperature employed is uniform over the 
entire reaction bomb and is maintained for an extended 
period of time. The bomb is ?nally cooled to room tem 
perature at a relatively rapid cooling rate so as to pre 
vent the formation of dodecahedral crystals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a cathode ray tube 
having a cathodochromic sodalite image screen. 
FIG. 2 is a photo-micrograph showing sodalite of the 

prior art type grown by prior art hydrothermal growth 
technique. 
FIG. 3 is a photo-micrograph showing the novel cath 

odochromic sodalite prepared by the novel hydrother 
mal technique described herein. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 1, there is shown a cathode ray 
tube 10 having a cathodochromic image screen 12. The 
cathodochromic image screen 12 comprises a layer 14 
of a novel cathodochromic sodalite material supported 
on an optically transparent faceplate 16. The cath 
odochromic layer 14 may be formed on the faceplate 
16 by well-known, conventional methods such as set 
tling and spraying. These techniques are well known in 
the cathode ray tube art for the preparation of phos 
phorus screens. The layer 14 of cathodochromic mate 
rial is enclosed in an evacuated envelope 18 containing 
an electron gun 20 and de?ection means 22. 
The cathodochromic sodalite comprising the novel 

image screen differs greatly in physical appearance 
from prior art sodalite material. A photo-micrograph 
taken by electron scan microscopy of a typical prior art 
type photochromic sodalite grown by the conventional 
hydrothermal method is shown in FIG. 2. The dodeca 
hedral crystal faces of the sodalite are readily apparent 
from the photo-micrograph and the crystal size of the 
individual crystallites range from about 6 to 20 mi 
crons. In comparison, as shown in FIG. 3 by a photomi 
crograph taken of sodalite included in the novel image 
screen, the difference between this sodalite and the 
prior art sodalite is apparent. The sodalite incorporated 
in the novel screen is spherical in nature and does not 
show dodecahedral crystal planes. In addition, many of 
these spheres are hollow and the particle size is much 
more uniform. Typically, the particle size is less than 
about 7 microns and generally around 5 microns with 
90 percent of the particles being from 4 to 6 microns 
in diameter. The prior art sodalite shown in FIG. 2 was 
grown in accordance with the usual prior art technique 
of providing a temperature gradient in a hydrothermal 
bomb to allow for transport of materials and employing 
slow cooling, both of which lead to dodecahedral crys 
tal growth. In comparison, the sodalite shown in FIG. 
3 was grown hydrothermally in a reaction bomb kept 
as a uniform temperature, that is, without a tempera 
ture gradient present, and employing quick cooling of 
the bomb. This process is discussed in more detail be 
low. 
Generally, prior art photochromic sodalites have a 

general formula Na6Al6Si6O24 '2NaX where X is Cl‘, 
Br" and I’. These materials have a well defined crystal 
structure as aforesaid. Also, the sodalite crystal struc 
ture can be maintained by completely or partially re 



3,773,540 
3 

placing the halogen with OH‘ or by partially replacing 
the halogen by a Group Vl element such as oxygen, sul 
phur, selenium or tellurium with the appropriate stoi 
chiometric corrections in order to maintain charge 
neutrality. Prior art sodalites contain an electron donor 
impurity such as the Group VI element or iron and 
these impurities are involved in the coloration mecha 
nism. The density of these crystallized prior art soda 
lites is high and approaches theorectical density of the 
material. 

In comparison, it has been discovered that impurities 
are not necessary for the cathodochromic processes 
and that different mechanisms are involved in the col 
oration process of cathodochromic sodalites. Cath 
odochromic sodalites are sensitized by the removal of 
alkali halide molecules from the sodalite structure cre 
ating crystal defects which can form F centers. The re 
moval of the alkali halide molecules is accomplished by 
heating the sodalite material during the sensitization 
process. These alkali halide molecules are diffused 
from inside the crystals to the surfaces where they 
evaporate. When the material is in the form of a well 
de?ned dense crystal as in the prior art photochromic 
sodalites, diffusion is slow and the losses of alkali ha 
lides are limited, thereby reducing the cathodochromic 
sensitivity of the resulting material. I have found that in 
order to have a good cathodochromic material, the so 
dalite particles should be very poorly crystalized and 
should preferably be porous. Such material allows for 
a more rapid and complete diffusion and evaporation 
of the alkali halide from the crystals and results in a 
cathodochromic sodalite which has a high cathodoch 
romic sensitivity, a high contrast ratio and an increased 
penetration depth of the electron beam for coloration. 

I have discovered a hydrothermal method for prepar 
ing such poorly crystallized porous sodalite material. In 
this process, the starting materials, which consist of a 
water slurry of aluminum oxide, silicon dioxide, sodium 
hydroxide and sodium halide is placed in a reaction 
bomb which is exposed to combinations of elevated 
temperature and high pressure. The aluminum oxide 
and silicon dioxide in the slurry are present in stoichio 
metric proportions. The complexing materials, that is, 
the sodium hydroxide and alkali halide, are present in 
excess of stoichiometric quantities. Unlike prior art hy 
drothermal growth techniques, here the reaction bomb 
is maintained at a uniform temperature without a gradi 
ent along the reaction vessel so that no transport will 
occur. Also, after heating the material under high pres 
sure to allow for dissolution of the aluminum oxide and 
silicon dioxide in the form of complex anions and cat 
ions, heating is stopped abruptly and the reaction vessel 
is cooled to room temperature so that the material 
which settles from the solution due to the reduction in 
solubility does not crystallize but instead settles in the 
form of small spherical or ball shaped particles. 

EXAMPLE I 

5.140 gm. of NaBr, 5.994 gm. of NaOH, 7.560 gm. 
A1203, 9.000 gm. SiO2 and 35 mgs. of FeCl2 are mixed 
together with about 150 cc. of water to form a slurry. 
The slurry is heated while stirring to evaporate water to 
the desired volume. The slurry is then-transferred to the 
reaction tube and selaed. In this particular example, the 
reaction tube has a volume of 70 cc. and is filled to 70 
percent of capacity. The supernatant solution of the 
slurry contains NaOH at a concentration of about 3N 
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4 
and NaBr at a concentration of about 0.3N. The reac 
tion tube is heated to a temperature of 385° C for 7 
days. After the 7 day period, the reaction tube is cooled 
at a rate of about 10° — 20° C per minute to a tempera 
ture of 200° C and then to room temperature over an 

additional 2 hour period. The reaction tube is then 
opened and the solid material therein is washed with 
water to remove excess sodium hydroxide and sodium 
halide. The washed material, which is sodalite, is dried 
and heat treated for 30 minutes at 900° C under a hy 
drogen atmosphere for sensitization. During this per 
iod, 12 percent of the sodium halide is removed from 
the sodalite. The resulting material is small ball shaped 
particles having sizes up to about 5 — 6 microns. Settled 
slides containing 3 mg of the novel sodalite per cm2 in 
a potassium silicate -— potassium sulfate binder were 
tested under 25 KV electron beam radiation. The sensi 
tization of these slides was high as only 400//.C/in2 of 
radiation was required to achieve a contrast ratio of 
10:1. The contrast ratio of these slides upon saturation 
was about 50:]. 
The exact amount of starting materials employed will 

vary according to the size and percent of filling of the 
reaction tube and to the amount of excess sodium hy 
droxide and sodium halide desired. Since the solubility 
of sodalite in the solution is a function of the tempera 
ture, pressure, and concentration of complexing 
agents, the speci?c temperature to which the reaction 
vessel will be heated will also vary. In addition, the 
heating time will vary with the particular amounts of 
starting materials and the reaction tube size. In general, 
the reaction tube must be heated to above the critical 
temperature, (about 356° C) which is required for the 
formation of sodalite. Typical temperature to which the 
reaction tube is heated is about 400° C for a period of 
from about 5 — 15 days depending upon the size of the 
batch. Typical pressures present in the reaction vessel 
are from 10,000 - 15,000 psi. Generally, the starting 
materials contain sodium hydroxide and sodium halide 
in an excess of the stoichiometrically required quanti 
ties so as to result in above about 2N NaOH and above 
about 0.1N NaX in the supernatant liquid of the slurry. 
Although sensitization is shown to be accomplished 

in a hydrogen atmosphere, this step may be carried out 
in nitrogen and oxygen or other gas which is non 
reactive with sodalite. Generally, sensitization is ac 
complished by heating the sodalite at a temperature of 
900° C or greater for a time suf?cient to allow from 
about 10 — 20 percent weight loss of the alkali halide 
of the sodalite. This weight loss is due to evaporation 
of the sodium halide from the sodalite; hence causing 
sodium and halogen vacancies in the sodalite crystals. 

EXAMPLE II 

10. gm. SiO2, 8.840 gm. Al2O3, 13.320 gm. NaOH, 
10.809 gm. Nal are placed in about 150 cc. of water to 
form a slurry. The slurry is heated while stirring to 
evaporate the water to the desired volume. The slurry 
is then transferred to the reaction tube and sealed. In 
this particular example, the reaction tube has a volume 
of 78 cc. and is ?lled to 70 percent of capacity. The 
supernatant solution of the slurry contains NaOH in a 
concentration of 3.0M and NaI in a concentration of 
0.3N. The sealed reaction tube containing the slurry is 
heated at a uniform temperature of 370° C for 9 days. 
The calculated pressure in the tube is about 10,500 psi. 
After the ninth day, the heat is removed and the reac 
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tion vessel is cooled to room temperature in a period 
of about 2 1/2 hours. The reaction tube is then opened 
and the solid material therein is washed with water to 
remove excess NaBr and NaOH. The washed material 
is sodalite of the iodide type. The material is dried and 
sensitized by heating for 45 minutes at 900° C in hydro 
gen. The sodalite undergoes a 10 percent weight loss of 
the Nal during this time period. Settled slides prepared 
from this sodalite and tested in the same manner as in 
dicated with respect to Example I, achieved a contrast 
ratio of 10:1 after irradiation of 600 pC/in". The satura 
tion contrast ratio of this material is in excess of 20:1. 

EXAMPLE lII 

Following the same general procedure as set forth in 
the previous examples, the following quantities of ma 
terial were prepared and tested under the conditions as 
set forth below: 
2.770 gm. — NaCl 

9.450 gm. — NaOH 

5.724 gm. —- A1203 

6.725 gm. -- SiOz 

70 percent ?lling (solution 50 cc) 
to make a 0.11N NaCl and 
a 2.5N NaOH solution 
Temp. 400° C 
Pressure 10,000 psi 
Reaction time — 8 days 
Cooling time — 150 min to room temperature 

Sensitization —90 min H2 900°C 
Loss of 8.5 percent of the NaCl 
Same procedure as above. 
This sodalite was tested under a 20,000V source of 

electrons on a loose powder sample. A contrast ratio of 
7:] was achieved with irradiation of 3,000 ;1.C/in2 

EXAMPLE IV 

Following the same procedure as set forth in the pre 
vious examples, the following quantities of material 
were prepared and tested under conditions as set forth 
below: 
3.508 gm. — NaCl 

[0,821 gmv -- NaOH 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
8.500 gm. - SiO2 

6~5V% ?lling to make a solutionwwhichrism 
3N NaOH and 0.3N NaCl 
Temp. 400° 
Pressure — 15,000 psi 
Time -— 14 days 

Cooling time —l50 min to room temperature 
Sensitization —90 min H2900°C 
Loss — 9 percent of the NaCl 
This sodalite was tested under a 20,000 V source of 
electrons on a loose powder sample. A contrast ratio of 
10:] was achieved with irradiation of 1,600 pC/inz. The 
saturation contrast ratio of this material was greater 
than 20:1. 
What I claim is: 
1. An image screen of dark trace cathode ray tube 

comprising a substrate having a layer of cathodocr 
homic sodalite particles thereon, said sodalite particles 
characterized in that they are essentially spherically 
shaped and porous having a particle size of less than 7 
microns, and wherein said image screen has a satura 
tion cathodoehromic contrast ratio of at least 20:1. 

2. The image screen recited in claim 1 wherein said 
sodalite has a sodium halide de?ciency of from 10 - 20 
weight percent. 

3. The image screen recited in claim 1 wherein said 
sodalite particles have a sodium halide de?ciency from 
stoichiometry of from 10 — 20 weight percent and 
wherein said image screen has a saturation cathodoch 
romic contrast ratio of at least 20:1. 

4. The image screen recited in claim 3 wherein at 
least 90 percent of said sodalite particles have a parti 
cle size of from 4 - 6 microns in diameter. 

5. In a dark trace cathode ray tube, an image screen 
comprising a substrate having a layer of cathodoch~ 
romic sodalite particles thereon of the type wherein the 
halogen ion is a bromide ion, said sodalite character 
ized in that the particles are spherical in shape having 
an average particle size of from 4 - 6 microns in diame 
ter and contain less than the stoichiometric quantity of 
NaBr, said cathode ray tube having a cathodoehromic 
contrast ratio at saturation of at least 20:1. 

* * * * * 
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