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United States Patent Office 2,718,235 
Patented Sept. 20, 1955 

2,718,235 
VALVE DEVICE FOR SOTTOPE SEPARATING 

APPARATTUS 

Paul J. Galibreath and William C. Tunnel, Oak Ridge, 
Tenn., assig nors, by mesme assignments, to the United 
States of America as represented by the United States 
Atomic Energy Commission 

Application May 22, 1945, Serial No. 595,195 
4 Claims. (CI. 137-376) 

This invention is concerned with improvements in iso 
tope separating apparatus and particularly involves im 
proved arrangements for regulating the ion source in such 
apparatus. 

In known types of apparatus used for separating the 
isotopes of a material, for example in the type of apparatus : 
disclosed in detail in the application of Ernest O. Law 
rence, Ser. No. 557,784, filed October 9, 1944, now patent 
No. 2,709,222 the apparatus has embodied therein an ion 
source comprising a chamber for volatilizing a material 
therein, the isotopes of which it is desired to separate, 
the chamber having an elongated opening or slit from 
which or through which the volatilized material emerges 
or is emitted during ionization thereof. In order to secure 
proper and efficient ionization, it is desirable to regulate 
the flow of volatilized material to the ionization region 
to an optimum rate dependent upon a number of other 
variable operating conditions of the system. It is an 
object of our invention to provide a valve or regulating 
device for regulating the supply of volatilized material 
so that it is fed uniformly along the length of the ioniza 
tion region, at an optimum rate. 
Another object is to provide a valve or regulating de 

vice as in the preceding object which is built into a charge 
bottle or container for the material to be ionized, which 
is removable from the apparatus for recharging, the valve 
serving as a closure for the charge bottle when it is re 
mmoved from the apparatus. 
Another object is to provide a valve or regulating device 

as in the previous objects so arranged that it can be con 
veniently operated from outside of the isotope separat 
ing apparatus which is vacuum tight. 
Another object is to provide a valve comprising an 

elongated valve member and operating means attached 
to the member at spaced points and arranged to be oper 
able to move the valve member uniformly along its length 
toward and away from the port. · 

Another object is to provide a valve operator as in the 
preceding object consisting of an eccentrically mounted 
shaft parallel to the valve member and attached to it 
so that by turning the shaft mountings the shaft moves 
the valve member toward or away from the port. 
Another object is to provide a valve member adapted 

to seat on a valve seat insert and arranged to be sprung 
or deformed by pressure thereon applied by an overcenter 
member in Such a manner that the overcenter member 
latches the valve in seated position. 

Another object is to provide an arrangement as in the 
previous object wherein the valve member is elongated 
and the overcenter member is an eccentrically mounted 
shaft parallel thereto. 

Further objects of the invention and numerous of its 
advantages will become apparent from the following de 
tailed description and annexed drawing wherein Fig. 1 
is a diagrammatic cross-sectional view of an isotope sepa 
rating apparatus embodying an ion source with the regu 
lating mechanism of our invention associated therewith. 

Fig. 2 is a diagrammatic sectional view taken along 
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2 
the line 2-2 of Fig. 1 showing the relationship of the 
magnetic field producing means to the chamber within 
which is the isotope separating apparatus. 

Fig. 3 is a perspective view of a charge bottle and 
the valve regulating mechanism of our invention with 
the parts rotated to the right substantially through 90° 
from the position in which they are shown in Fig. 1, 
and with some of the parts partly broken away. 

Fig. 4 is a cross-sectional view of the valve member 
and Seat. 
The apparatus of Fig. 1 is of the type disclosed in 

greater detail in the prior application referred to above. 
Tihe apparatus of Fig. 1 includes a tank 10, the interior 
of which is evacuated to a relatively high degree of 
vacuum as will presently be described. The tank 10 
is shown in cross-section, and one side is closed by a 
relatively heavy face plate 11 which is attached to the 
tank by means of screw clamps 12 and 13, there being 
provided suitable bearing surfaces on the face plate 11 
and on the tank i0 so that when the face plate 11 is 
clamped in position it engages the tank in sealing rela 
tionship so as to insure against ioss of vacuum at the 
joint. All of the mechanism within the tank 10 is attached 
to and carried by the face plate 11 as will presently be 
explained. 
The tank 10 has windows 14, 15, 16 and 17 so as to 

make it possible to watch operations within the tank 
and there is a large discharge outlet 20 through which 
the air and moisture in the tank are evacuated. The 
discharge outlet 269 is connected to a diffusion pump or 
pumps 21 by a pipe 22 and the diffusion pump is con 
nected to a mechanical pump or pumps 23 by a pipe 24. 
The mechanical pump 23 may be a Kinney pump, for 
example, which is a rotary type of pump. In practice 
a liquid nitrogen trap may be used in the tank 10 for 
freezing out moisture or it may be associated with the 
pipe 22 connected to the diffusion pump. Also, a trap 
using Solidified carbon dioxide may be used in asso 
ciation with the pipe 24 for freezing out moisture from 
the air before it reaches the pump 23. 
The tank 10 is disposed between laminated iron cores 

or pole pieces 27 as shown in cross-section in Fig. 2 and 
Surrounding these pole pieces are electrical windings 28, 
the windings being disposed within tanks or housings 29, 
one of the housings 29 being shown in cross-section in 
Fig. 1. The windings 28 are energized with electrical 
Current so that a relatively intense magnetic field is pro 
duced which is in a direction transverse to the tank 10, 
that is, in a horizontal direction looking at Fig. 2 and 
in a direction perpendicular to the paper looking at Fig. 1. 
A cooling medium such as cooled oil or the like is circu 
dated through the housings 29 for the purpose of cooling 
the coils therein. 
Within the tank i 69 is a liner structure 35 in the form of 

an arculate conduit which forms a passageway for a beam 
or beams of ions generated at the lower end of the liner 
and received in a receiver or collector at the upper end 
of the liner. The liner 35 and the apparatus associated 
therewith are carried by the face plate 11 by means of a 
Supporting structure designated by the numerals 36 and 37 
and the brace member 38. The liner itself is attached to 
and Spaced from the Supporting structure by insulators 
34, 32 and 33, since, as will presently be disclosed, the 
liner is maintained at a different potential than the sup 
porting structure. Within the lower right hand corner of 
the tank 10 there are a pair of castings 40 and 40’ which 
form containers within which the material to be ionized is 
vaporized. The castings 40 and 40" may be supported 
from the supporting structure 36. The castings 40 and 
40'", and the apparatus associated with each are identical 
(except that there is a single manual operating mechanism 
associated with both of them as will be pointed out), so 
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that the description of one applies to the other as well. 
For the sake of clearness, some details are shown in con 
nection with only one of the castings and other details are 
shown only in connection with the other casting. 
The castings 40 and 49” comprise lower portions 31 and 

31’ and smaller upper portions 42 and 42”, the upper por 
tion in each instance being connected to the lower portion 
by a converging throat as shown. Within the portion 34, 
referring to casting 4, is a container or bottle 43 which is 
removable and in which the charge material itself is 
placed, that is, the charge of material to be ionized. The 
material to be ionized is vaporized in bottle 43 and it 
passes around a baffle 46, through a valve built into the 
upper part of bottle 43 and through a chimney 45 in pass 
ing from the lower part 31 of casting 40 into the smaller 
upper part 42. The valve mechanism in bottle 43 is shown 
in enlarged perspective in Fig. 3. The valve mechanism 
associated with each of castings 40 and 40” as will be de 
scribed, is operable from outside of tank i0 by a handle 
101 on stem 100 which extends through Wilson seal 102 
in face plate 11. Stem 19 has a pinion gear 03 on its 
end which can mesh with and operate either of racks 404 
and 104”. (See Fig. 3). Racks 104 and 2194” also mesh 
with and operate pinion gears 105 and 95” and the result 
ing operation of the valve mechanisms will presently be 
described. Pinion gear 193 can be made to mesh with 
either rack by sliding stem 100 vertically in Wilson seal 
102, rack 104” being over pinion 05' and rack 404 being 
below pinion 105. 

Referring to casting 409”, the upper portion 42” has an 
elongated slit or opening 500', and adjacent this elongated 
opening 50' is a filamentary cathode 51’, across the termi 
nals of which a suitable voltage is impressed when the 
apparatuis is in operation as will presently be described. 
The function of the cathode 5” in operation is to emit a 
stream of electrons into and along the slit 50', the elec 
trons being collimated into a beam under the influence of 
the magnetic field previously described and serving to 
bombard the vapor passing through the slit for the purpose 
of ionizing the vapor. Slit 50 of course has a correspond 
ing cathode not shown. 

Numeral 52, referring to casting 40, designates an elec 
trical heating element or heating elements associated with 
casting 40 which Supply heat for volatilizing the charge 
material within the bottle 43. In the side wall of the 
Smaller portion 42 of casting 40 there is a well 53. Elec 
trical controls are provided for electrically controlling the 
Supply of power for energizing the heating elements 52. 
The electrical controls for heating element 52, as shown, 
are responsive to a thermocouple which is placed in the i 
Well 53, and these controls may preferably include the 
Control known as the Micromax manufactured by the 
Leeds and Northrup Company; this control is designated 
by the numeral 54 and the thermocouple in wel 53 is con 
nected to it. The instrument 54 is connected to a control 
instrument 55 which is a type of instrument which oper 
ates to control the flow of electric power to the heating 
elements 52 and it may preferably be the control instru 
ment known as the Reactrol manufactured by the General 
Electric Company. The control instrument 55 is con 
nected to the heating elements 52 as shown. 

Referring to casting 40', there is to the left of it, that 
is, above it so to speak, a member 56' which may prefer 
ably be made of carbon and which has therein a slot or 
elongated opening 55' parallel to the slit 50’ so that ions 
of the vapor emitted through the slit 546' can pass through 
the slit 55’ in member 56”. The member 56” constitutes 
an electrode which serves as an accelerating electrode for 
positive ions emerging through the slit 59', and this elec 
trode is maintained at a relatively high negative potential 
as will presently be described. it is attached to the corre 
sponding electrode 56 and they both are supported from 
insulator 59. 
The ions which are emitted from slit 589' and which are 

accelerated by the electrode 56’ pass to the left, that is, 
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4 
upwardly through another slit 57” in a member 58” having 
a throat-like configuration and which also forms an elec 
trode which may preferably be made of carbon. This 
electrode is also maintained at a relatively high negative 
potential but lower than the potential of the electrode 56’. 
Positive ions after passing through the throat of member 
58' pass into the liner structure 35, and then travel in arcs 
of a circle around through the liner to the receiving struc 
ture at the opposite side of the liner; the positive ions 
move in arcs of a circle in this manner under the influence 
of the magnetic field previously described, and the radii 
of the arcs depends on the mass-charge properties of the 
ionized particles. Member 58’ and the corresponding 
member 58 are connected and attached to iner 35 as 
shown. 

There are two identical receiving chambers or col 
lectors at the upper end of the liner structure 35, one 
of them being designated by the numeral 60. The re 
ceiving chamber 60 is in the form of a box having a 
shape which in cross-section is shown in Fig. 1. The 
receiver or collector 60 may be adjusted laterally rela 
tive to the face plate by a stem 61 operating through 
linkages 62, and it may be adjusted in and out relative 
to the face plate by means of stem 63, the stems passing 
through suitable sealing devices 64 and 65 respectively 
associated with the face plate 11. The collector 60 has 
electrodes 71 and 72 therein which are so located as to 
have certain components of the beam of ions which 
travels around through the liner 35, impinge therein or 
thereon, electrode 71 being in the form of a pocket. 
Electrodes 7 and 72 are supported by insulators 73 and 
74 as shown. Different components of the beam, that 
is, particles thereof having different mass-charge prop 
erties travel in circles of different radii as described 
above and come to a focus at different radial distances 
from their point of origin. In operation of the appa 
ratus, the magnetic field is so adjusted and the collector 
60 is so adjusted relative to the face plate 11 that the 
isotopes which it is desired to collect impinge upon the 
desired receiving element. The desired isotopes may 
be recovered by removing the deposits which collect on 
or in the electrodes 7 and 72. 
The face plate 11 is grounded as shown, as are the 

castings 40 and 40', and the liner 35 and the electrodes 
58 and 58’ are maintained at a relatively high negative 
potential V1 by conductor 75 which is led into the in 
terior of the tank through a conduit 76 which extends 
through the face plate 11 through a sealing insulator 
bushing 77. The electrodes 56 and 56” are maintained 
at a higher negative potential V1-1-V2 by means of a 
conductor 78 which is also led into the tank through 
the bushing 77 and the conduit 76. The electrodes 73 
and 74 are maintained at the potential V1 by means of 
conductors 79, 89 and 81. The conductors leading to 
the electrodes in the collector 60 extend through a con 
duit and bushing similar to those for the conductors 75 
and 78 as shown. A potential V3 is connected across 
the terminals of cathode 51” and a potential V4 is im 
pressed between the negative terminal of cathode 51’ 
and ground, that is, the casting 40'. This last poten 
tial sustains the arc which is struck within slit 50’ during 
operation. 

Various of the parts of the mechanism within the 
tank 10 may be cooled as desired or necessary by a 
suitable cooling system and shielding may be provided 
at appropriate points to protect the mechanism from 
becoming coated as a result of being contacted by the 
vapor from the charge bottle, and for protection against 
deterioration which may necessarily result from the 
process. 

Summarizing the operation of the apparatus as so far 
described, the operation is that the charge material in 
the bottles is vaporized by the electric heating elements 
52 (and 52”, speaking of the casting 40'), and the va 
porization is automatically controlled by the , thermo 
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2. In a valve mechanism, means having an elongated 
valve port, an elongated resilient valve member cooper 
able therewith, valve operating means comprising a shaft 
parallel to said valve member and substantially co-exten 
sive in length therewith, a rotatable drive member and 
means comprising a crank connecting said drive member 
to said shaft, a pair of horizontally slotted members 
fixedly attached to said valve member at its ends, said 
shaft being engaged by the slots of said slotted member, 
a pair of fixedly positioned guide members adjacent the 
ends of said valve member so as to guide its movements 
toward and away from the valve port, said valve mem 
ber having an upwardly projecting lug adapted to limit 
movement of said shaft with respect to said valve mem 
ber to lock said shaft in an over-center position wherein 
the valve member is held fixed in seated position. 

3. In apparatus of the character described, in com 
bination, a container, means forming an enclosure ar 
ranged to have said container removably mounted there 
in, said container having an opening therein forming a 
valve port, a resilient valve member operably associated 
with said valve port, and a valve operating mechanism car 
ried by said container and operable upon actuation to 
cause said valve member to move toward or away from 
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said port, said mechanism being positioned and arranged 25 
to apply pressure to an intermediate portion of said valve 
member causing said valve member to flex when seated, 
said mechanism having an over-center position wherein 
said valve member is held flexed in seated position, said 
enclosure means having valve positioning control means 
positioned and arranged to operably connect with said 
valve operating mechanism when the container is mount 
ed in the enclosure. 
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4. In apparatus of the character described, in com 

bination, a container, means forming an enclosure ar 
ranged to have said container removably mounted there 
in, said i container having an opening therein forming a 
valve port, a resilient valve member operably associated 
with said valve port, and a valve operating mechanism 
carried by said container and operable upon actuation 
to cause said valve member to move toward or away 
from said port, said valve operating mechanism compris 
ing a shaft parallel to said valve member and rotatable 
means having said shaft eccentrically attached thereto 
so that by rotating the rotatable means the shaft is moved 
bodily, said shaft being positioned and arranged to apply 
pressure to an intermediate portion of said valve mem 
ber causing said valve member to flex when seated, said 
shaft having an i over-center position wherein said valve 
member is held flexed in seated position, said enclosure 
means having valve positioning control means positioned 
and arranged to operably connect with said rotatable 
means when the container is mounted in the enclosure. 
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