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1. 
My invention relates to apparatus for main 

taining a boundary between fluids of different 
conductivity and, more particularly, to a device 
in which one fluid is superposed on another and 
the circumstances are such that the location of 
the boundary between them may be maintained 
or shifted by the addition of quantities of one 
of the fiuids. 

For examples, in Systems for the electrolytic 
Separation of isotopes of a metal it has been 
found that the addition of an acid at the cath 
ode will cause a counterflow which may be con 
trolled to Sweep back ions of a heavy isotope and 
permit the collection at the cathode of the more 
mobile ions of a lighter isotope. It is known 
that in Such a System the rate of counterflow 
must be carefully regulated, since an insufficient 
counterflow will permit the less mobile ions to 
reach the cathode while excessive counterflow 
will Sweep back ions of both heavy and light 
isotopes. In other words the rate of counter 
flow must be Such that the ions of the heavy iso 
tope will be swept back and the more mobile ions 
permitted to pass to the region of the cathode. 
I have discovered that the rate of counterflow 

may successfully be controlled by measuring the 
conductivity of the electrolyte at a given point 
in the System, preferably at a location nearer the 
cathode than the anode, and varying the rate 
of acid addition proportionally with the conduc 
tivity of the electrolyte at the chosen spot. This, 
in effect, establishes and maintains a boundary 
between the electrolyte solution and the highly 
acid solution disposed at the region of the cath 
Ode. 
One object of my invention is to provide means 

for automatically regulating the position of the 
boundary between fluids of differing conductivity, 
in a system wherein one fluid is superposed on 
another. Another object of my invention is to 
control the rate of counterflow in an electrolytic 
System for the separation of isotopes so that less 
mobile ions are effectually retarded and more 
mobile ions are permitted to reach the cathode 
region. Parenthetically, it should be observed 
that complete separation of the isotopes is not 
obtained, the end result being a Solution en 
riched as to the concentration of the lighter iso 
tope or isotopes. 
Another object of the invention is to provide 

an automatic, Self-regulating control for the 
counterflow in an electrolytic system for the Sep 
aration of isotopes. 
A further object of the invention is to sim 

plify and render commercially practical isotope 
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separation in an electrolytic system wherein a 
counterflow is employed to Sweep back leSS no 
bile ions and permit the paSSage of more mobile 
OS. 

An important feature of my invention resides 
in the combination of a pair of control elec 
trodes inserted in an electrolytic system in a 
plane normal to the direction of the electrolyz 
ing current, a bridge circuit SO connected that the 
fluid between the control electrodes forms a part 
thereof, and means responsive to the conductivity 
of the fuid at these electrodes for controlling 
the addition of a fuid to the electrolytic System. 
Another feature of the invention resides in a 

novel electrical control wherein high frequency 
alternating current is passed through a bridge 
circuit in which one leg comprises a portion of an 
electrolyte and in which a thyratron relay is al"- 
ranged to operate a magnetic burette when the 
conductivity of the electrolyte varies by a prede 
termined amount. 
Among the advantages which result from the 

practice of my invention is the fact that the 
automatic control of the counterflow makes it 
possible for a single attendant to Supervise the 
operation of a large number of Separators. The 
expense of operation is still further reduced in 
view of the fact that the automatic control fea 
ture renders the System more efficient than Sep 
arators in which the counterflow is regulated by 
an attendant who can Only estimate the extent 
to which additional fluid must be added to the 
System from time to time. 
These and other objects and features of the 

invention will more readily be understood and ap 
preciated from the following detailed description 
of one embodiment thereof selected for purposes 
of illustration and Shown in the accompanying 
drawings in which: 

Fig. 1 is a diagrammatic view, partly in cross 
section, of an electrolytic system for the separa 
tion Of isotopes in Which my invention has par 
ticular application, and 

Fig. 2 is a schematic circuit diagram of ap 
paratus employed in practicing the invention. 
As shown in Figure 1, an apparatus for the sep 

aration of isotopes of a Substance may include a 
U-shaped glass tube 0, provided at One end with 
an enlarged cup-shaped portion into which an 
anode 2 is inserted. A spillway 3 is formed in 
the Wall of the tube at the anode region f. 
Similarly, the other end of the U-shaped tube O 
is enlarged to provide a cup-shaped cathode re 
gion 4 into which a cathode 7 is inserted. Dis 
posed in the tube 0 in the leg of the U beneath 
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the cathode it is a plug 6 of sintered glass. A 
glass cup 8 surrounds the cathode 7 and has 
for its bottom wall a sintered glass diaphragm 
9. The anode 2 and the cathode are the 
Working electrodes. 

It Will be understood that the apparatuS may be 
used for the separation of isotopes of any metal 
of which the ionized isotopes possess different 
nobilities. By way of example, potassium has 
isotopes K39 and K41, the ion of K39 being more 
nobile in an electrolyte than the ion of Kil. In 
carrying out the separation, a solution of KCI 
may be poured into the glass tube 6 at the 
anode end, while HCl solution is periodically 
added at the cathode as will be more fully ex 
plained below. When a potential is applied to the 
anode and cathode electrodes, 2 and 7, chlorine 
ions will be drawn to the anode 2 and potassium 
ions of both isotopes will move toward the cath 
ode 1. The function of the sintered glass plug 
f6 is to minimize remixing by turbulence and con 
vection. The plug permits the flow of ions but 
also quiets the flow through the Separating Zone. 
The lighter K39 ions, of higher mobility, will tend 
to accumulate around the cathode at a faster rate 
and the less mobile isotope ions, i. e. those of 
the heavier Kil, but if no further steps are taken 
and time is allowed to elapse, both isotopes will 
eventually gather at the cathode . However, by 
adding liquid at the cathode while maintaining a 
Sufficient number of ions (other than K ions) in 
such liquid to insure the desired electrolytic flow 
of current between the working electrodes, the re 
Sulting hydrodynamic flow of liquid toward the 
anode will oppose the electrolytic migration of 
potassium ions to Ward the Cathode, and if the 
rate of flow of the added electrolyte is appropri 
ately balanced against the Kion migration, the 
K ions can be, in effect, selectively retarded in 
an inverse relation to their mobilities. 
Thus in the System shown, by the addition of 

HCl (i. e. an aqueous Solution of hydrochloric 
acid) at the cathode region at a carefully deter 
mined rate, the heavy Kil ions will tend to be 
swept back more than the lighter and more mobile 
K39 ions, or rather, the latter will be more able 
to overcome the counter flow and Will progreSS 
further toward the cathode 7. Under presently 
preferred conditions, the flow is adjusted so that 
few, if any, of the potassium ions actually reach 
the cathode, and a so-called boundary between 
HCl and KCl solutions is thus formed (provided 
the HCl is added to the Solution at the proper 
rate), advantageously at a point in the System 
between the cathode and the plug 6, e.g. as indi 
cated by the reference character 20. Under 
proper conditions the boundary can actually be 
Seen, because of difference of index of refraction 
of the two solutions. The K39 ions tend to migrate 
to the region of this boundary, while the counter-. 
flow retards the K1 ions to a greater extent, so 
that a gradient of the relative concentration of 
K39 to K41 ions can be established between the 
boundary and the anode region. But for con 
tinued addition of HCl at the cathode region, the 
boundary would move toward the cathode, and 
consequently a boundary of this general type has 
sometimes been called a "moving boundary'; in 
carrying out the present invention, the boundary 
is preferably restrained from so moving, by auto 
matically adjusted feed of electrolyte, i. e. HCl, 
into the system at the cathode region. It will 
now be seen that as the system continues to op 
erate, a separation or enrichment of the isotope 
K39 is established and maintained in the Zone at 
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4. 
and just below the boundary, and by appropriate 
means, enriched solution can be withdrawn from 
this Zone. The remainder of the apparatus to 
be described functions to maintain the boundary 
between the solution of KCl and HCl. 
A pair of platinum electrodes 2, i.e. the con 

trol electrodes, having their connecting wires en 
cased in glass tubes 22, are inserted from the caths 
ode end of the tube 3 and disposed in the plane 
of the desired boundary 29. A burette 26 is dis 
posed with its lower open end Within the glass cup 
f8 at the region of the cathode 7. A plug 27 of 
sintered glass is disposed in the burette adjacent 
its lower end, and an inlet tube 28 may communi 
cate with a larger reservoir or container of HCl 
(not shown). In the lower part of an upper, en 
larged portion of the burette 26, and below the 
inlet 28, is a valve comprising a rubber plug 29 
driven into the burette and providing a valve seat 
with which a closure member 30 is arranged to 
Cooperate. 
The closure 35) is carried on the end of an arm 

3i mounted for pivotal movement on a pivot 32 
and is normally held in contact with the valve 
seat by means of a tension Spring 33. The other 
end of the arm 3 carries an armature 36 coop. 
erating with a solenoid 34 which is adapted to 
be operated in accordance with the tendency of 
the boundary 28 to shift, as will hereafter be 
explained. . 

Ine circuit silown in fig. 2 comprises a multi 
vibrator is including a twin triode tube 50 of a 
type well known in the art such as a 6N7. The 
high frequency multivibrator itself, which may 
be in the form of a so-called push-pull negative 
resistance oscillator, forms no part of my in Ven 
tion and, as shown is composed of elements con 
nected in a manner well known in the art. The 
electrodes 2 are connected to terminals 4 (Fig. 
2), and it will be seen that the electrodes 2 and 
the fiuid between them form one leg of a Wheat 
stone bridge, circuit. The output of the multi 
vibrator 40 is applied across the bridge circuit 
through two primary windings 5 and 52 and a 
secondary coil 53 (included as the input of the 
bridge circuit). The output of the bridge circuit 
is transformer coupled to a triode amplifier tube 
42, the circuits of which are arranged in a nan 
ner well known to the art. A 6F5 tube may be 
conveniently used in the amplifier. A. C. power 
is applied to the circuit at the terminals 43. The 
output of the amplifier 42 is applied to a conven 
tional thyration relay circuit .34. Again, the de 
tails of the thyratron relay form no part of my 
invention, and the relay circuit is constructed and 
arranged in a manner well known in the art. All 
FG 57 tube may conveniently be used in the thyra 
tron circuit. The solenoid 34 is included in the 
plate circuit of the relay. 36, the connections being 
made to the terminals 46. It is evident that the 
circuit may be adjusted so that the Wheatstone 
bridge is balanced to deliver a voltage insuffi 
cient to fire the thyratron relay 44, this condi 
tion being obtained when the electrodes 2 are 
disposed in a relatively concentrated Solution 
of HCl. - 
When the electrolytic process takes place in 

the system, the ions of the isotopes of potassium 
will drift toward the cathode 7 and the conduc 
tivity of the solution lying between the electrodes 
2 will decrease; that is, the boundary will move 
up, toward the cathode 1. When this happens, 
the bridge circuit is thrown out of balance, and 
a pulse will be delivered to the amplifier 42 where 
it will be amplified and delivered to the relay f4 



5 
as a voltage sufficient to fire the thyratron. The 
operation of the thyratron will energize the wind 
ings of the Solenoid 34, draw down the armature 
36 on the arm 3 , and open the valve 30. This 
permits HCl to flow from the burette into the cup 
8, the level of HCl in the cup being indicated by 
the reference character 37. HCl will continue to 
be added to the System until the boundary between 
the HCl solution and the KCl solution is shifted 
back to the plane 20. The conductivity of the 
solution between the electrodes 2 will then be 
restored to its initial value, the bridge circuit 
will then be balanced, and the solenoid 34 will be 
de-energized thus permitting the valve 30 to close 
and shut off the flow of HCl through the burette. 
A condenser 45, adapted to have a filtering or 
smoothing effect, is shunted across the terminals 
4G in the plate circuit of the thyratron in accord 
ance with principles well known in the art, and 
improves the operation of the solenoid 34. I have 
found that 20 mid. is approximately the proper 
value for the condenser 45. 
Although, the apparatus of my invention func 

tions in a step-by-step manner, the result is a 
flow of HCl from the cathode region at a rate ; 
sufficient to keep the boundary eSSentially sta 
itionary and thus to retard preferentially the less 
mobile K41 ions while permitting the passage of 
the more mobile K39 ions into the region of the 
boundary. Means may be provided for Withdraw 
ing from the boundary region solution Which is 
rich in K39 as compared to K41, for example, one 
or more tubes 55, conveniently of capillary or 
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near-capillary internal diameter, mounted to ex 
tend into the liquid below the boundary 2 and 
provided with stopcocks 56. Whether the With 
drawal is continuous or intermittent through 
means of the sort shown, or whether the opera 
tion is simply stopped from time to time to permit 
introduction of other devices for reinoving en 
riched solution, care should be taken to avoid 
agitation or mixing With unwanted portions of 
liquid. KOH may be added at the anode from 
time to time to replenish the supply of potassium 
IOS. 

Although lower frequencies may be used in 
some cases, it seems preferable that the oscillator 
40 supply a relatively high frequency to the bridge 
circuit of Fig. 2, say of the order of 1000 cycles per 
second or even considerably higher, to facilitate 
prompt and efficient response of the thyratron 44 
and the Solenoid 34 in the circuit shown, and to 
minimize electrolytic disturbance between the 
electrodes 2. Purely by way of example, and 
with the understanding that other values may 
be used, or other circuit arrangements, the fol 
lowing are particulars of one satisfactory circuit 
of the type of Fig. 2 that Was used with the tubes 
mentioned above: Resistors 6 and 62 were 10,000 
ohms apiece, condensers 63 and 64 each 0.1 mfd. 
and condenser 65 was 0.02 mfd. The independent 
inductance of each of coils 5f and 52 was 30 milli 
henries, and that of coil 53 was 60 millihenries, 
the latter being coupled to the former. The tube 
42 was operated with a plate supply of 90 volts 
and a negative grid bias of 3 voltS, and the nega 
tive grid bias of the thyratron stage 44 was 6 
volts, supplied through a limiting resistor 66 of 
0.1 megohm. Terminals 43 were connected to 
110 volts A. C., and the oscillator plate battery 67 
was 45 volts. 

Since it is preferable to avoid having the con 
trol electrodes pick up an IR drop due to the 
electrolyzing current between the working elec 
trodes, the control electrodes 2 in the apparatus 
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6 
shown lie in a plane normal to the direction of 
the electrolyzing current, i. e. are disposed at 
least approximately on an equipotential surface 
in the fluid. It will also now be appreciated by 
those familiar with conductivity measurements, 
that the electric current passed through the fluid 
between the control electrodes 2 (as distin 
guished from the electrolyzing current between 
the working electrodes 2 and 7) is preferably 
kept to a minimum consistent with desired sensi 
tivity and reliability of response. 

It will be understood that the apparatus of my 
invention may be used to effect the separation 
of isotopes of any metal wherein the isotopes are 
sufficiently different in mass to permit their seg 
regation by a counterflow as disclosed herein. 
Furthermore, it will be obvious to those skilled in 
the art that other electrolytes may be used in 
the separation of potassium isotopes. For ex 
ample, KNO3 and HNO3 may be used instead of 
KCl and HC1. With different metals and differ 
ent solutions, the rate of counterflow will differ. 
In its broad aspects, my invention contemplates 

controlling the boundary between juxtaposed so 
lutions in an electrolytic system by measuring 
the conductivity of the fluid at a point in the 
System and using that measurement to control 
the rate at which one of the solutions is added 
to the System. Accordingly, it is to be under 
stood that other types of circuits could be em 
ployed for the same purpose and that the par 
ticular circuit shown in detail herein is but one 
example of many different ways in which the in 
vention may be applied. 
I claim: 
1. The method of establishing and maintaining 

an ionic boundary in a liquid medium containing 
dissolved ions while passing an electric current 
between electrodes immersed in the medium com 
prising the Steps of establishing a counterflow 
of liquid to retard migration of said ions toward 
One of Said electrodes inversely in accordance 
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With the mobilities of said ions by supplying an 
electrolyte substantially free of such ions in the 
path of the ions toward said electrode, and there 
by establishing a boundary between said electro 
lyte and liquid containing the aforesaid ions that 
tends to move toward said electrode, detecting 
change in electrical characteristics of said liquid 
at a point where it is desired to maintain said 
boundary, Said change being representative of 
movement of Said boundary, and converting the 
detected change in electrical characteristics of 
liquid into modification in the aforesaid supply of 
electrolyte in a direction to counteract the last 
mentioned movement of the boundary. 

2. A method of controlling distribution of ions 
in a liquid stream which comprises subjecting 
Said ions to the electrolyzing action of charged 
electrodes in Said stream, measuring the con 
ductivity of Said stream at a point between said 
electrodes and controlling the rate of flow of said 
Stream in relation to the conductivity of said 
Stream at Said point. 

3. A method of positioning an ionic boundary 
in a liquid stream which comprises subjecting 
Said ions to the electrolyzing actions of charged 
electrodes in said stream, measuring the elec 
trical conductivity at the desired boundary posi 
tion and controlling the rate of flow of said 
Stream countercurrent to the motion of said 
boundary toward one of said charged electrodes 
in response to changes in conductivity of said 
Stream at the desired boundary position. 

4. A method of positioning an ionic boundary 
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in a liquid stream which comprises flowing said 
Stream between two charged electrodes to cause 
ions in said stream to tend to move in a direction 
countercurrent to said direction of flow, meaS 
uring the electrical conductivity in said stream 
at a point at which it is desired to maintain Said 
boundary, flowing a liquid which is free from 
said charged ions past one of said electrodes So 
as to Sweep back the ions attracted toward this 
electrode and controlling the rate of flow of Said 
liquid responsive to changes in conductivity at 
the desired boundary point caused by the shift of 
said ions toward and away from said charged 
electrode. 

5. In electrolytic apparatus comprising two 
electrolyzing electrodes positioned in a vessel and 
each iminersed in a Solution of different electrical 
conductivity, means for maintaining the ionic 
boundary between said Solutions which comprises 
conductivity detecting electrodes positioned at 
the desired boundary transversely to the direction 
of current flow between said electrolyzing elec 
trodes, a valve at One of Said electrolyzing elec 
trodes for admitting one of Said Solutions to said 
VeSSel, a Supply container With which said valve 
communicates, a source of electric potential oper 
ably connected acroSS Said conductivity detecting 
electrodes and an electric circuit acting in re 
Sponse to changes in resistance between the Said 
conductivity detecting electrodes to operate said 
valve and thereby to control the flow of Solution 
from said Supply container. 

6. In electrolytic apparatus comprising two 
electrolyzing electrodes positioned in a vessel with 
each immersed in a solution of different electrical 
conductivity, means for maintaining the ionic 
boundary between Said Solutions comprising a 
pair of conductivity detecting electrodes disposed 
at the desired boundary normal to the direction 
of current flow between said electrolyzing elec 
trodes, a Solenoid-operated burette at one of said 
electrolyzing electrodes for containing and ad 
mitting one of Said Solutions to said vessel, a 
source of electric potential operably connected 
acroSS Said conductivity detecting electrodes and 
an electric circuit acting in response to changes 
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in resistance between the said conductivity de 
tecting electrodes to operate said burette and 
thereby to control the flow of Said Solution from 
the burette. 

7. In electrolytic apparatus comprising a gen 
erally U-shaped vessel having an electrolyzing 
electrode in each arm of said vessel with each 
electrode immersed in a solution of different elec 
trical Conductivity, means for maintaining the 
ionic boundary between said solutions which 
comprises conductivity detecting electrodes posi 
tioned in One arm of Said vessel relatively close 
to the electrolyzing electrode therein and normal 
to the direction of current fioW between said elec 
trolyzing electrodes, a burette at the last said 
electrolyzing electrode for delivering solution to 
Said vessel, a Source of electric potential operably 
connected to said conductivity detecting elec 
trodes and an electric circuit acting responsively 
to changes in resistance between said conduc 
tivity detecting electrodes to operate said burette 
and thereby to control the flow of Solution from 
Said Supply container. 

ILEWIS G. LOING SWORTH. 
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