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57 ABSTRACT 
Cesium evaporator filled with a mixed powder of a silicon and 
cesium chromate and/or cesium bichromate for depositing 
cesium vapor on the face plate of a photoelectric tube, the sil 
icon powder has such a particle size distribution that the 
average particle size is 30 to 80 microns, with particles larger 
than 100 microns or those smaller than one micron constitut 
ing not more than 30 weight percent, and the cesium chro 
mate or cesium bichromate powder has such a particle size 
distribution that the average particle size is 3 to 10 microns 
with particles larger than 25 microns constituting not more 
than 30 weight percent and those smaller than 0.5 micron con 
stituting not more than 40 weight percent. 

Caims, 8 Drawing Figures 
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CESUMEWAPORATOR 

The present invention relates to a cesium evaporator for 
depositing cesium vapor on the face plate of a photoelectric 
tube, and more particularly to a cesium evaporator capable of 
evaporating cesium at a constant rate. 

In depositing cesium vapor on the face plate of a photoelec 
tric tube, it is generally the practice to use an evaporator hav 
ing a lead wire fitted to each end and filled with a mixed 
powder of an appropriate reducing agent and cesium chro 
mate and/or cesium bichromate. Disposed at a suitable 
distance from the face plate of the photoelectric tube, the 
cesium evaporator then is electrically heated through the lead 
wires to produce the vapor of reduced cesium. The vapor of 
cesium thus produced is emitted through the holes provided 
on the sidewall of the evaporator and is deposited on a thin 
layer, for example, of antimony or silver-bismuth already 
coated on the face plate of the photoelectric tube. It is well 
known that face plate of high photosensitivity can be obtained 
only when the face plate is such that the face plate does not 
display its photosensitivity until a layer of cesium is deposited 
on the face plate preliminary coated with a metal base such as 
antimony or silver-bismuth. 
To prepare in good yield a face plate of uniform high 

photosensitivity, it is required that the volume of cesium vapor 
generated by the evaporator, composition of the reactants 
present therein and velocity of cesium deposition on the metal 
base per unit time are perfectly constant until completion of 
said deposition. However, in the prior art, the cesium evapora 
tor is filled indiscriminately with mixed powders of cesium 
chromate and/or cesium bichromate and at least one element 
selected from the group consisting of such reducing agents as 
zirconium, iron, calcium, tungsten, silicon, aluminum and 
titanium, and sufficient attention is not given to particle size 
distribution of these powders, absorption of water and/or gas 
thereto, and surface conditions of the powder particles. For 
example, the average particle size of the powders to be mixed 
is not fully regulated, and there is included a large amount of 
relatively smaller or larger particles. This leads to varying con 
tact areas among the powder particles filled into the evapora 
tor, causing an uneven reaction velocity. Further, deposition 
of water on the particles in turn causes their mutual adsorp 
tion or agglomeration, thus resulting in nonuniform fluidity 
and diffusion velocity of powders. Also the adsorption of gases 
or presence of oxides causes the evaporation of reaction 
products other than cesium and hinders the production of 
cesium vapor. As a result, it has been impossible to regulate 
the reaction velocity and the evaporator itself sometimes 
tends to be damaged by an abrupt reaction. Therefore the 
prior art evaporator was handicapped by various drawbacks as 
listed above. Use of such cesium evaporator presents difficul 
ties in controlling the reaction velocity, thus affecting the pro 
perties of the face plate and of the secondary electron-mul 
tiplying electrode which the resultant decline in the yield rate 
of a photoelectric tube. 
The present invention has been accomplished with the view 

of providing a uniform deposition of cesium vapor on the face 
plate of a photoelectric tube. The invention provides a cesium 
evaporator packed with a mixture of silicon powder 30 to 80 
microns in the average particle size and substantially free from 
water and adsorbed gases, the particle size distribution thereof 
being such that larger particles than 100 microns and those 
smaller than 1 micron respectively account for not more than 
30 weight percent, and powder of cesium chromate and/or 
cesium bichromate 3 to 10 microns in the average particle size 
and substantially free from water, the particle size distribution 
thereof being such that larger particles than 25 microns 
represent not more than 30 weight percent, and those smaller 
than 0.5 micron constitute not more than 40 weight percent. 
The present invention can be more fully understood from 

the following detailed description taken in connection with 
the accompanying drawings in which: 

FIG. 1 is a perspective view of a cesium evaporator in com 
mon use 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

2 
FIG. 2 is a longitudinal section on line II-II of the cesium 

evaporator shown in FIG. 1; 
FIGS. 3 and 4 are curve diagrams showing the relations 

between the particle size distribution of cesium chromate 
powder and the yield rate of good quality face plates; 

FIGS. 5 to 7 are curve diagrams showing the relations 
between the particle size distribution of silicon powder and 
the yield rate of good quality face plates; and 

FIG. 8 is a block diagram of the process of obtaining a mix 
ture of desired powders of silicon, cesium chromate and/or 
cesium bichromate according to an embodiment of the 
present invention. 
The present inventors have found that when the particle size 

distributions of silicon powder, cesium chromate and/or cesi 
um bichromate are properly adjusted, and freed substantially 
of adsorbed water with careful attention given to improving 
the surface condition of the silicon particles and jointly in 
troduced into an evaporator, the fluidity and contact condi 
tion of powders and the diffusion velocity thereof at the time 
of reaction will become more constant, assuring a greater 
uniformity in the velocity of cesium vapor deposition on the 
face plate than has been possible with the prior art method. 
There will now be described the process of the present in 

vention by reference to the appended drawings. As shown in 
FIGS. 1 and 2, an evaporator 11 consists of a cylindrical body 
12 made of a thin metal sheet and filled with a mixture 13 of 
powder of cesium chromate and/or cesium bichromate and 
that of silicon, both ends of the cylindrical body being pres 
sure-sealed, and fitted with a pair of lead wires 4, 14. The 
overlapped portion of the thin metal sheet 12 is joined 
together by equally spaced welds 15 . . ., forming between 
them a plurality of holes 16 . . . to allow the cesium vapor 
produced in the evaporator 11 easily to scatter therefrom. 
The present invention utilizes an evaporator of the same 

construction as described above. However, the powder of 
cesium chromate or cesium bichromate charged into the 
evaporator 11 has such a particle size distribution that the 
average particle size ranges between 3 and 10 microns and 
that larger particles than 25 microns constitute not more than 
30 weight percent and those smaller than 0.5 micron account 
for not more than 40 weight percent. If the powder of cesium 
chromate or cesium bichromate has a smaller average particle 
size than 3 microns it tends to agglomerate in itself with the 
resultant poor dispersion in the silicon powder with which it is 
to be mixed. This will generally cause the cesium compounds 
to react with silicon rapidly and irregularly. On the other 
hand, where the particle size of powdered cesium compounds 
exceeds 10 microns, reaction with silicon will sharply rise 
when the reaction proceeds to a certain interim stage, though 
substantially slow in the initial period, due to the smaller sur 
face area of these particles. In the worst case the evaporator 
will be damaged by an abrupt reaction. 

Further, even though the average particle size may fall 
within the range of from 3 to 10 microns, if the powder of cesi 
um compounds contains more than 30 weight percent of parti 
cles smaller than 0.5 micron, the reaction velocity will not be 
constant due to the absence of uniform contacts between the 
cesium compounds and silicon. Therefore, as shown in both 
FIGS. 3 and 4, the yield rate of good quality face plates 
(namely, the ratio of good quality product to the total output) 
will sharply decline. In FIG.3 the ordinate represents the yield 
rate of good quality face plates and the abscissa the weight 
percent of smaller particles than 0.5 micron included in the 
cesium chromate powder of 3 to 10 microns in the average 
particle size. In FIG. 4, the ordinate denotes the yield rate of 
good quality face plates and the abscissa the weight percent of 
larger particles than 25 microns included in the cesium chro 
mate powder 3 to 10 microns in the average particle size. 
These tendencies shown in FIGS. 3 and 4 are also true with the 
cesium bichromate powder. The term "good quality product," 
as used in this specification, is defined to mean the face plate 
wherein the amount of cesium vapor deposited in the afore 
mentioned manner on the face plate by introducing a 
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prescribed quantity of electric current through the evaporator 
falls in the range of 30 to 50 percent of the stoichiometrical 
value to be produced by the reaction of cesium chromate or 
cesium bichromate with silicon. Accordingly, the 100 percent 
production of good quality face plates represents that the cesi 
um vapor is deposited on the face plate at a perfectly uniform 
velocity. The particle sizes appearing throughout this applica 
tion have been measured by means of micromerograph. 
The silicon powder used in the process of the present inven 

tion has such a particle size distribution that the average parti 
cle size ranges between 30 and 80 microns and that those 
larger than 100 microns or those smaller than 1 micron 
respectively account for not more than 30 weight percent. The 
silicon powder of less than 30 microns in the average particle 
size is undesirable in that the surface of the particles is vul 
nerable to oxidation. Conversely, where the average particle 
size exceeds 80 microns, the surface area of each particle will 
be reduced relative to the volume thereof. Therefore, when 
the powder of cesium chromate or cesium bichromate having 
a far smaller average particle size is mixed with such large sil 
icon particles, there will not be obtained a satisfactory contact 
between these two kinds of powders. For example, where, as 
shown in FIG. 5, the average particle size of silicon powder 
falls outside of the range of from 30 to 80 microns, the yield 
rate of good quality face plates is significantly reduced. In 
FIG. 5, the ordinate represents the yield rate of good quality 
face plates and the abscissa the average particle size (micron) 
of silicon powder. If the silicon powder contains more than 30 
weight percent of particles larger than 100 microns and 
smaller than 1 micron respectively, even though the average 
particle size may fall within the range of from 30 to 80 
microns, these silicon particles will not have a uniform contact 
with those of cesium chromate or cesium bichromate. The em 
ployment of such silicon powder leads to an uneven reaction 
velocity of cesium evaporator and sharply reduces, as shown 
in FIGS. 6 and 7, the yield rate of good quality face plates. In 
FIG. 6 the ordinate denotes the yield rate of good quality face 
plates and the abscissa the weight percent of larger particles 
than 100 microns included in the silicon powder 30 to 80 
microns in the average particle size. In FIG. 7, the ordinate 
represents the yield rate of good quality face plates and the ab 
scissa the weight percent of smaller particles than 1 micron 
contained in the silicon powder 30 to 80 microns in the 
average particle size. 
Not less important for the process of the present invention is 

the substantial elimination of adsorbed water, in addition to 
the aforementioned control of particle size distribution of 
powders of cesium compounds and silicon. Particularly with 
respect to the silicon powder, it is preferable to reduce ad 
sorbed gases as much as possible by vacuum heating after pull 
verizing and drying. Regarding the powder of cesium chro 
mate or cesium bichromate, it is also advisable to repeat 
several times the cycle of pulverizing and drying so as to ob 
tain water-free powder having prescribed average particle size 
and particle size distribution and thereafter sieve them using 
two screens of different mesh sizes to prevent the agglomera 
tion of very fine particles. Specifically, this sieving is 
preferably carried out first with a coarse screen, for example, 
of 60 Tyler mesh, and then with a finer screen, for example, of 
200 Tyler mesh. If a fine screen is used from the start, then 
even agglomerated minute particles will be pressed down and 
forced out through the mesh. Therefore, the aforementioned 
two-step sieving with a coarse and a fine screen is effective to 
prevent such occurrence. To prevent the adsorption of 
moisture, the entire cycle of sieving is preferably carried out 
under the irradiation of an incandescent lamp or infrared-ray 
lamp. 
The silicon powders processed to have a prescribed particle 

size distribution and surface condition by washing with acid 
and water, drying, vacuum treatment and sieving are mixed in 
a mixer with powders of cesium chromate and/or cesium 
bichromate similarly subjected to the aforesaid two-step siev 
ing in such a manner that these powders may not be pull 
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4. 
verized. The mixed powder is further dried and sieved to 
prevent the agglomeration of the powder. If required these 
mixing, drying, and sieving steps may be conducted in a 
vacuum vessel. 
The mixed powder thus treated is satisfactory in respect of 

the particle size, adsorbed water and gases and mutual con 
tact, so that the resultant fluidity, reaction area and diffusion 
velocity thereof become constant, thus enabling cesium vapor 
to be uniformly deposited on a thin film of silver-bismuth or 
antimony constituting the metal base of the face plate. There 
fore the evaporator charged with such a mixed powder dis 
plays very excellent effects, for example, unfailingly deposit 
ing a prescribed amount of cesium vapor, and significantly im 
proving the properties of the face plate and the yield rate of 
photoelectric tubes. 
There will now be described the method of depositing cesi 

um vapors according to an embodiment of the present inven 
tion. 

2,500 g. of 99.9 percent pure silicon powder having a nearly 
uniform particle shape was sieved with a 200 Tyler mesh 
screen. 500 g. of the powder thus sieved was washed with a 
solution of 10 percent hydrochloric acid, and then completely 
stripped of the deposited hydrochloric acid with distilled 
water. This portion of the power was dried 60 minutes in a 
thermostatically controlled oven maintained at a temperature 
of 100 C., and was introduced into a 200 ml. stainless steel 
pot together with 50 stainless steel balls, and repetitively sub 
jected to eight cycles of 30 minutes pulverizing treatment by 
rotating the pot at a velocity of 100 r.p.m. Between these pull 
verizing treatment was introduced a drying step of 10 minutes 
in a thermostatically controlled oven maintained at 100° C. 
The silicon powder thus treated was measured to have an 
average particle size of 60 microns, larger particles than 100 
microns accounting for 15 weight percent and those smaller 
than 1 micron, 20 weight percent. The silicon powder having 
such particle size distribution was introduced into a suitable 
vessel placed in a vacuum region. When evacuation was car 
ried out and the vacuum region reached a vacuum of 3X10 
torr, heating was applied for degassing 1 hour at 850° C. using 
an electric heater with the pressure within the aforesaid vessel 
maintained within the range of from 3x10 to 9x10- torr. 
Upon completion of heating, the powder was allowed to cool 3 
hours under vacuum. Next, while projecting light beams from 
an infrared-ray lamp, the powder was allowed to pass through 
a 150 Tyler mesh screen. 
At the same time, cesium chromate powder was repeatedly 

subjected to pulverizing and drying as in the case of silicon 
powder until the cesium chromate powder had an average par 
ticle size of 6 microns and particles larger than 25 microns ac 
counted for 8 weight percent and those smaller than 0.5 
micron represented 0.4 weight percent. The powder was 
sieved under the irradiation of an incandescent lamp in two 
steps first with a 60 Tyler mesh screen and then with a 120 
Tyler mesh screen. 
Two parts by weight of the silicon powder and 1 part by 

weight of cesium chromate powder thus obtained were in 
troduced into a V-type mixer and mixed at a velocity of 50 
r.p.m. without substantially pulverizing these two kinds of 
powders. The mixing operation was intermittently conducted 
over a total period of 3 hours by introducing between the 
operations a drying step of 30 minutes at 100° C. and a sieving 
step with a 60 Tyler mesh screen under the irradiation of an 
infrared-ray lamp. 
The above processes may be schematically represented as 

shown in FIG. 8. Namely, silicon powder 21 was processed in 
the order of sieving 22, washing with acid 23, washing with 
water 24, drying 25, several times of pulverizing and drying 
26, vacuum treatment 27 and sieving 28, while cesium chro 
mate 29 was processed in the order of several times of pull 
verizing and drying 30, the first sieving by coarse screen 31 
and the second sieving by fine screen 32. This was followed by 
mixing process 33, drying 34, sieving 35 and mixing process 
36. If required the processes of 33, 34, 35 and 36 may further 
be repeated to finally obtain the mixture 37. 
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The evaporator of FIG. 1 filled with the mixed powder thus 
treated was electrically heated to deposit cesium vapor on the 
face plate of a photoelectric tube, the yield rate of good quali 
ty face plates being 98 to 100 percent. Another experiment 
was carried out under the same conditions as in the foregoing 
example, excepting that the cesium chromate used in said ex 
ample was replaced by cesium bichromate. In this case there 
were also obtained substantially the same results. By way of 
comparison, the deposition of cesium vapor was carried out by 
employing a mixture which was omitted of the intermediate 
steps of drying the raw powders, heating the silicon powder 
under vacuum and sieving the cesium chromate powder in two 
stages between the respective cycles of the aforementioned 
pulverizing operation. In this case, the yield rate of good quali 
ty face plates sharply declined to 40 to 95 percent. 
While the invention has been described in connection with 

some preferred embodiments thereof, the invention is not 
limited thereto and includes any modifications and alterna 
tions which fall within the scope of the invention as defined in 
the appended claims. 
What is claimed is: 
1. A method for preparing a source for generating cesium 

vapor from which cesium is evaporated at a constant rate 
which comprises: 

1. preparing a silicon powder having a particle size distribu 
tion such that the average particle size is between 30 and 
80 microns and in which particles larger than 100 
microns constitute not more than 30 weight percent of 
the mixture and particles smaller than 1 micron constitute 
not more than 30 weight percent of the mixture by re 
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6 
peatedly pulverizing and drying said silicon powder until 
a mixture with the stated particle size distribution is ob 
tained; 

degassing and removing any adsorbed moisture from the 
resulting powder by subjecting the powder to a vacuum; 

and then sieving said dried, degassed powder; 
2. preparing a powder of at least one cesium compound 

selected from the group consisting of cesium chromate 
and cesium bichromate, said powder having a particle 
size distribution such that the average particle size ranges 
between 3 and 10 microns and not more than 30 percent 
of the mixture by weight consists of particles larger than 
25 microns and not more than 40 percent of the mixture 
by weight consists of particles smaller than 0.5 micron, by 
repeatedly pulverizing and drying said cesium compound 
powder until a mixture having the stated particle size dis 
tribution is obtained; 

subjecting said powder to a first sieving operation through a 
relatively coarse mesh screen to break up any large ag 
gregates of powder in said mixture; 

and then subjecting said screened powder to a second siev 
ing operation through a relatively fine screen; 

3. mixing the silicon powder obtained in (1) with the cesium 
compound powder obtained in (2) to form a mixture con 
sisting of said silicon powder and said cesium compound 
powder; and 

4. drying and sieving the mixture so obtained to produce a 
mixture from which cesium is evaporated at a uniform 
rate. 

k is a sk 


