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CHAPTER 1 

INTRODUCTION 

The possibility of thermal diffusion in gases appeared for the 

first time as a theoretical prediction in a paper by Enskog (1) in 

1911, Enskog's paper was concerned with the extension of the kinetic 

theory of gases to the ease of gases in non-equilibrium states. A 

particular term in an equation indicated that if there existed a tenper-

ature gradient across a mixture of gases, a concentration gradient of 

the eonponent gases would appear. Chapman (2), working independently 

on the same problem, predicted the same phenomenon in his results pub

lished in 1912. The approach which Chapman used was completely different 

from that of Enskog. The theory was verified experimentally by Chapman 

and Dootson (3) in 1917, The effect agreed in sign and magnitude with 

the predictions of the theory. 

Theimal diffusion therefore appeared as a useful method for the 

enrichment of a gas mixture in one of the components. In the ease of 

a binary mixture, the lighter component will become more concentrated 

in the higji temperature region and the heavier component in the lower 

temperature region. This is true for most gases; however some gases 

will separate the other way in certain temperature ranges -- generally 

very low tenperatures (4,5), When the two components of a binary 

mixture have the same relative mass, then the gases separate with the 



gas having the largest molecular cross-section being concentrated in 

the low tenperature region and the smaller in the higher temperature 

region. 

The possibility of using theimal diffusion for the separation 

of isotopes of a gas was suggested by S. Chapman (6) in 1919. The 

effect of thermal diffusion on isotopes was so small, however, that 

there was little experimental interest --it appeared that thermal 

diffusion could not compete with the current methods. 

Clusius and Diekel (7) devised an apparatus in 1938 which would 

greatly enhance the effect of thermal diffusion. The apparatus was 

a thermal diffusion column which used a horizontal, radial temperature 

gradient to bring about the separation of the gases and vertical 

convection currents to greatly enhance the concentration. In 1939 

they reported (8) that they had successfully separated almost 

completely the isotopes of chlorine as well as other important iso

topes. 

There have been other ingenious attempts to enhance the effect 

of thennal diffusion; the "trennschaukel" and the swing separator 

are the main ones, A more recent attempt was made by Norman T, Mills 

and R, L, Pigford (9) with the U.S. Atomic Energy Commission. The 

high tenperature region was a hot porous plate placed such that the 

gaseous sample could be drawn throu^ it by a suction on one side. 

The idea being that in the boundary layer of gases near the surface 

of the plate the temperature of the gases would be very near that 

of the plate and consequently the enrichment should be quite high. 

The enriched gas could be continuously removed by drawing it through 



the porous plate. They observed separations greater than II in the 

lighter conponent. Their conclusion was that the method might be 

useful when energy usage is critical. 

The theory of thennal diffusion is extremely complex, but an 

outline of the phenomena of thermal diffusion and the transport 

processes taking place in a thermal diffusion column will be pre

sented to establish the basis for the discussion of experimental 

results. The operating parameters of a Clusius and Diekel-type 

column will be discussed along with details of the design of such a 

column. 



CHAPTER II 

THEORY 

The rigorous theory of thermal diffusion is presented in the 

book of Chapman and Cowling (10) entitled The Mathematical Theory 

of Non-Uniform Gases, Another recent book by K. E. Grew and T. L. 

Ibbs (11) presents various simplified approaches to and ramifica

tions of the theory of thermal diffusion as well as much experi

mental data on the subject. 

The first part of this chapter is an outline of the theory of 

thermal diffusion developed by Enskog (1,12,13), the latter part is 

a mathematical discussion of the processes v^ich take place in a 

thermal diffusion column taken from a paper by Jones and Furry (14). 

Theory of Thermal Diffusion 

The state of a gas may be described by specifying the number of 

each kind of molecule in a certain volume having velocities in a 

certain range. If the element of velocity space is de, having 

components du, dv, and dw and i f we are considering the volume element 

in configuration space dr, having components dx, dy, and dz, then the 

expression f*dr»dc gives the number of a certain kind of molecule in 

the volume between r and r + dr having velocities between e and e 

+ de, where f is the distribution function. The expression for f 

is derived in kinetic theory and statist ical mechanics. 

Consider two groups of molecules in a gas. One groip given at 



time t as f (r, c, t) dr de and the other at a later time 

t + dt as f (r + c dt, c, t + dt) dr dc. In the absence of a collision 

a molecule in group one moves through a distance c dt in a time dt. It 

follows that group one would move to group two in a time dt in the 

absence of a collision. In the event of collisions some molecules 

which were in group one will not appear in group two and some molecules 

which were not in group one will be deflected into group two. Let us 

call this difference resulting from collisions -4r dr dc dt, since it 

it must be proportional to dr dc dt. Then from this definition we have 

^ f 

- ^ dt =.f(r + cdt,c,t) - f(r,c,t) (1) 

Taking the limit as dt -• 0, we have 

^^ ^ L i m f(r •»• cdt.c.t •»• dt) - f(r.c.t * dt) c 

T t dt -• 0 a t — • c 
^ L i m f(r.c.t •»• dt) - f(r.c.t) 

dt -• 0 at 

(2) 

This is Boltzmann's equation. Before it can be solved for the effect 

of collisions, the term - ^ must be evaluated. Let us consider a binary 

mixture of gases, call them type one and type two, having distribution 

functions f i and £2 respectively. The teim - j ^ can then be evaluated 

by considering the collisions between the molecules of type one with 

type two, between molecules of type one with type one, and between type 

two with type two. This rather detailed argument can be found in kinetic 

theory texts. 



The resulting expression is 

IT- •{ Jt 1̂  [Jt-j^ (3) 

= 2: ///'QflCCl') fz (C2») - fi (Cl) £2 (C2)] * db de dC2 

and the expression for £2 is similar. The symbol J represents a 

change due to an encounter with another molecule, 

Enskog found a solution by approximation methods. His result 

was for the difference between the mean thermal velocities of the 

two types of molecules. In the first approximation we have 

2; - ̂  . i^ / fP) 2. dJi - L. / £2̂ ') t, dS2 (4) 

where ni = number density of type one molecules 

Ci = mean thermal velocity of type one molecules 

Ci = velocity of type one molecules 

£\ ^ - second order approximation for the distribution function 

for type one molecules 

n2, ^2, C2 , f^ ^ are the same quantities, respectively, for type two 

molecules. 

Note in equation (4) that further approximation to f can also be 

obtained, but for normal gases it is usually sufficient to confine 

attention to the second order approximation. The integrals involving £\ 

and f2 » ̂ 6 first order approximation terms, cancel each other in 

equation (4), 



This integration yields the equation of thermal diffusion. 

e.?=. ""'' 
^10 ̂ 20 

.̂ n 10 

<)r dr 

Dj2 = coefficient of ordinary diffusion, 

kj. = thermal diffusion ratio, 

kj, = V D i 2 

Dj, « the coefficient of thermal diffusion, 
n Hj 

n,n * ~ and nin = ^ . 
20 nj + n2 ^ Hj ••• n2 

At this point i t i s appropriate to relate these gas constants to 

some other important gas constants, 

k^ = a Cj C2 

a * thermal diffusion constant 

a = In q/(ln T'/T) 

nio/^20 
q = . , q = separation factor 

^io/"20 

Theory of the Thermal Diffusion Column 

Let us now consider the problem of formulating the mathematical 

description of the events which take place within the thermal diffusion 

column. The various theories are mathematically rather complex; 

consequently Jones and Furry (14) have given an elementary theory 

which brings out more clearly than the rigorous treatment the physical 

processes in the column and which leads to results differing from 

those obtained rigorously only by numerical factors. 
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In their paper the problem is considered in two parts. The first 

is the purely hydrodynamical one of the convective flow in the column, 

the second is the determination of the net transport of each conponent 

of the mixture up the column. The following simplifying assunptions 

are made: 

1, The two components have molecular masses which are so little 

different that the variation of density with composition of 

the mixture may be ignored. 

2, The tenperature dependence of the viscosity, conductivity 

and diffusivity can be neglected. Except in deriving the 

convection velocity, the tenperature dependence of the 

density is also negligible. 

3, The gas mixture is contained between plane walls and moves 

in two streams, one up and one down the column. The 

velocity is uniform over the cross-section of each stream. 

4, The flow is laminar, 

5, The temperature distribution is that determined by conduction 

alone. 

It might be noted in reference to assunption 3 that the theory was 

later extended (14,15) to the case of an extreme cylindrical wall. 

The direction of the normal to the wall is taken as the x-axis; 

the distance between the walls being 2w, the range of x is from -w to +W. 

The width of the walls is b in the y direction, and the height is L, in 

the z direction. The tenperatures of the walls are T' and T; T' - T 

= AT and (T' •»• T)/2 = T. (See Figure 1) 



T 

COLD 

WALL 

-w 

-V 

T' 

V HOT 

WALL 

Fig. 1,--The variation of the convection velocity with the 

distance from the walls, assuming the temperature difference is 

small. 
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For a fluid flowing between two walls, the equation is 

d x^ ^^ 

where n is the viscosity, v is the velocity in the z direction, 

p is the density and p is the pressure. The pressure gradient term 

dp/dz is equal to -Tg. Here p° is the average of the two densities. 

The equation becomes 

n •—»^= (p - PJ go 
d x^ 

But the density can be written 

p ^ J - d - L l J I ) (7) 

T 

Since the thermal conductivity does not depend upon the tenperature, 

and the tenperature gradient is therefore uniform 
T = T + Ji AT , 

2w 

Thus 

P = F (1 - ̂  ^ (8) 

d^v -. - X AT 
and n — ^ " "^^ ̂  T * 

d x^ A 

Integrating this expression, we get 

V = ̂  . ̂  . X (x̂  - k^) (9) 

by neglecting the small numerical distinction between p and ^, The 

boundary conditions are v = 0 when x is either •w or -w. The drawing 

in Figure 1 shows the velocity of the gas over the cross-section of 

the space between the two walls. The mean value of the velocity 
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in either half is 

This velocity is shown as a dashed line. 

The flow of molecules of either species up the column is 

determined by two factors -- the convection current and the process 

of concentration diffusion which comes into play as soon as a longi

tudinal concentration gradient is established, A radial concentra

tion gradient is established by thermal diffusion; therefore the 

concentration of the heavier molecules (1) in the upward moving 

stream of hot gases is less than that in the downward stream* Let 

the number density of molecules (1) in the upward stream, averaged 

over the cross-section, be n^" and the downward stream n^'; then the 

transport of molecules (1) down the column due to the convection 

currents, of mean speed v, is 

(nj' - nj") w b (12) 

and due to concentration diffusion 
dn ^ 

n D,, - ^ 2wb, (13) 
12 clẑ  

where n and n^o are mean values of the total number density of both 

species, and the relative density of the species (1) respectively. 

The net number transport down the column is therefore 

dnjQ 
(ni' - ni*') w b + n D12 -37- 2wb (14) 

or 

n (nio* - nio") vwb + PD12 --17- 2wb 
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disregarding the variation of n with tenperature. The mass of 

molecules transported is 

_ dn 
Ti « p(nio* - nio") vwb + pDi2 -37^ 2wb (15) 

Jones and Furry now make the assunption that the time rate of change 

of concentration at any point is small, so that in effect conditions 

are steady. This condition is fulfilled if at each end of the 

column there is a reservoir large compared with the volume of the 

column itself. In this quasi-steady state the factors tending to 

change (njo' " ̂ lo") niust have a zero resultant. These factors are 

convection and diffusion. The relative motion of the two streams 

causes nj* to decrease by -v --r-per second, and n '' to increase 

by the same amount; hence the net rate of decrease of (n^g* ' ^JQ**) 
dn 

— 1 due to convection is -2v. -^. Thermal diffusion transverse to the 

flow tends to increase the concentration difference. The number flux 

density of molecules (1) due to thermal diffusion from Equation 5 is 

"dn 
^ = -n D12 

10 , 1 dT 
(16) 

when written in the notation of Jones and Furry, Since this flux 

i s into a layer of gas of thickness w, n̂ * increases at the rate 

r,/w, and n , ' ' decreases at the same rate, hence (n^' - n^") 
2r 

increases at the rate , In the quasi-steady state therefore w 

2ri dnj 
•»• 2v - T - = 0 

w dz 
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If in the expression for r̂  we write 

dn 
10 _ 10 

"ax 
we now find 

n..» - n. •» 
10 

w 
. ^ - r ^ ' • ^ • ' « i o n2o (18) 

AT 2"" dn 
nio* - n i o ' ' = anion2o ^ * {fJl - ^ , 

2ir Di2 dz 

and substitution of this in the expression for the mass flux gives 

Pvwb AT . n^v *^io °'nio n2o —;+ 15-1 - ^ 
2f ^12 ^z (19) 

dn 
+ pD 12 

10 2wb 

= Hnio n2o + (k^ ^ k^) 
dn 

z 

where 

H = - ^ ( ^ 1 (20) 

.3 2,.,2 

48 nD 12 

, k, = PDi2 • 2wb. 

The three terms represent respectively the contributions of thermal 

diffusion, convection, and longitudinal diffusion. The more exact 

theory, which takes account of the tenperature dependence of density, 

conductivity, e t c , and the variation of convection velocity over the 

cross-section, leads to a similar expression for the transport but 

with different numerical factors in H and k There i s also to be 

added to (k^ + k.) a term, k , representing the remixing effect of 

small irregularit ies in the dimensions and tenperature distribution in 

the column. This term cannot be estimated theoretically but i t can be 

determined experimentally for each particular thennal diffusion column, 
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If the processes of convection and diffusion continue, a 

steady state will ultimately be reached in which the transport 

is zeroo 

Then 
dn 

^10 ^20 * -k -af-» ^ ' K * ^A^ K» iz * c d p 

from which we have 

n 
In l-i£. 

"20) 
'T z + constant 

or 

(nio/n2o) 

^" fr. /r. / = " /^ (L)» ^22) 

(nio/n2o)^ 

where subscripts u and 1 refer to upper and lower ends of the 

column and L is the length of tlie column. Hence 

% ' e^^ (23) 

where q is the equilibrium separation factor and A = H/2k, For 

the production of a large separation, therefore, the column must 

be long and the ratio of the thermal diffusion effect, as 

represented by H, to the remixing effect, measured by k, should 

be large. 

In so far as conparison is possible the theory is in general 

confirmed. The most exacting test, according to Jones and Furry, 

is that concerned with the effect of pressure on the equilibrium 

separation factor q „ The theory gives 

1 - HL 
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The expressions for H and k show that i f p is the pressure, H is 

proportional to p , k̂  is proportional to p**, k, is independent 

of p, and k is proportional to p , Hence 

In q ^ '-^ 
« 1 * h/v' ^25) 

where the quantities a and b cannot be evaluated theoretically 

because of the unknown quantity k associated with the parasitic 

convection currents in the particular column. There is clearly an 

lA optimum working pressure, for q^ has a maximum value when p = b ̂  • 

As will be seen later, experiment confirms the relation between 

q and p, and it therefore seems likely that the theory is 

substantially correct. 



CHAPTER III 

MOLECULAR INTERACTIONS 

The value of a, the thermal diffusion constant, is sensitive 

to the intermolecular forces. The value of a has been found theo

retically for several types of interactions (16,17); this can be 

conpared to a as determined experimentally from 

o = 2£L± 
In (TVT) 

where q is the separation factor, q = -^-2—/ ^ J op, 
(Ne^VNe^ )̂ bottom 

and T and T' are the temperatures of the cold and hot walls respectively. 

Comparison is made by conparing the thermal diffusion constant to the 

ideal value or the value i t would have i f the molecules were elastic 

spheres. The quantity Rj,, termed the thermal separation ratio, is 

given by 

Rp (experimental) = ^ [elStlrspheresJ 

and 

D /-̂u ..• ^̂  a (theoretical) 
•V (theoretical) = „ {elastic sph4re) ' 

The values of a, the thermal diffusion constant, are calculated 

for the different types of molecular interactions as shown below. 

Elastic sphere model: 

F = -kr 

_ 105 "^2 • "̂ 1 
° " TVS m2 + mj 

16 
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Inverse repulsion: 

F = kr-" 

. 105 "VJ"i ... 
" - m • lîTlir̂- C(v) 

where C (v) depends upon certain collision integrals which must be 

evaluated by numerical integration for each value of v. 

Sutherland model: 

F = kr" -k'r" 

. - 105 "̂2 - "̂1 1 - 0.9871 C/T 
^̂  ' TTf • ^vTlTj 1 + 0.9200 C/T 

where C is the constant which appears in the Sutherland equation for 

the variation of viscosity with temperature. 

Lennard-Jones model: 

F = kr -k'r 

The thermal diffusion constant \diich is predicted for the Lennard-

Jones model force has a foim which is too complex to present here. 

In the case of an inverse fifth power force the thermal diffusion 

constant is zero, Frankel (18) showed this to be true by a method 

of dimensional analysis. This explains why Maxwell and other workers 

in the classical kinetic theory of gases did not predict the phenomenon 

of thermal diffusion. In the above equations mi represents the mass 

of the heavier molecule and m2 the l i f t e r molecule. The value of 

V is selected to give the best agreement of Rj, (theoretical) and 

Rj. (experimental). The last few years have seen much work on the 

investigation of the variation of a with concentration, tenperature, 

pressure, and different combinations of gases (4,17,20,21) to try to 

arrive at the expressions for the intermolecular forces. 

file:///diich


CHAPTER IV 

REVIEW OF EXPERINefTAL RESEARCH 

Neon has three isotopes, Ne^°, Ne^\ and Ne^^, with percent 

abundances (22) 90.00, 0,27, and 9.93 respectively. For the pur

poses of thermal diffusion, neon is considered to be a binary mix

ture of Ne^° and Ne^^. However, in 1964, Howard and Watson (23) 

were successful in obtaining a small concentration of the middle 

conponent of the ternary mixture of the neon isotopes. They re

moved about 1.2% purity Ne^^ from their system of thermal diffusion 

columns. 

The e3q)erimental value of Rj, for neon found by Nier (24) and 

subsequently by Stier (25) is 

where 

r ~ T> - T ^ t" 

T = absolute tenperature of the cold wall. 

T* = absolute tenperature of the hot wall. 

Since Rj, for neon varies with the temperature, the Sutherland or the 

Lennard-Jones model migjit explain this behavior. Much work has been 

done on determining the intermolecular forces for isotopic mixtures 

of the noble gases as well as binary and ternary mixtures of the 

noble gases with polyatomic gases. 

18 
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Conparisons of the theoretical predictions with e3q)eriment have 

shewn that good agreement is obtained with the Lennard-Jones (12,6) 

and (13,7) models as well as the inverse power model with v • 6. 

Several experiments were run by Mason, Saxena and Weissman (26) 

using Ne and CO2. They showed a discrepancy in the value of the 

thermal diffusion factor as predicted by the Lennard-Jones (12,6) 

model of the interaction force. They concluded that the source 

of disagreement between the theoretical and experimental values 

was in the inadequacy of the force model and not in the kinetic 

theory itself. 

For some time the literature indicated that there was much 

e3q)erimental evidence in support of the Lennard-Jones (12,6) model, 

but the present trend is toward the exponential six model. These 

more recent articles indicate that the exponential six model gives 

good agreement for the pressure dependence of the separation factor 

for the monatomic gases at several tenperatures and pressures. A 

review article by Saxena and Raman (28) gives a good discussion of 

the pressure dependence of the separation factor for several gases. 

Their article also indicates a preference for the exponential six 

model for the noble gases. The location of the optimum operating 

pressure depends upon the inner diameter of the gas colunn as well 

as the tenperature of the hot wire (29). Groth (30) found that 

for a hot wire column having an inner diameter of 12 mn. and 

operating at one atmosphere pressure, the separation increased 

with wire tenperature and reached a maximum^ at 1000 K. Then he 

investigated the operation of a column having an inner diameter 
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of 5 mm. He found that the separation continued to increase up to 

the h i ^ e s t tenperature which could be used in his apparatus, 1700 K, 

Simon (31) suggests that since the In q versus pressure curves for 

various values of T2 overlap and the maxima shift to higher pressures 

with increasing T2, there is an optimum wire tenperature for maximum 

separation for a given fixed pressure and inner diameter of the gas 

tube. These optimum conditions are very inportant for obtaining the 

greatest efficiency in operating a thermal diffusion column. 



CHAPTER V 

TURBULENCE 

The effect of turbulence of the gases in the convection currents 

on the operation of the thermal diffusion column is a question which 

has received much attention from experimenters in the field. But 

before discussing the effects of turbulence, let us consider the 

construction of a hot wire thermal diffusion column. The hot wire 

type of column consists of a vertical tube with an electrically heated 

wire up the axis of the tube. The outside of the tube is cooled by 

water flowing through a larger concentric tube. The column may be 

constructed of glass tubing so that the centering of the hot wire may 

be observed visually or of metal i f ruggedness is desired. Short wires 

spot welded to the filament keep i t centered in the tube. In the 

articles written on the subject there is general agreement that the 

turbulence can be classified as either anisotropic or controlled 

turbulence. Anisotropic turbulence occurs when the Reynold's number 

becomes too large. The Reynold's number in a circular tube is defined 

by 

Re n 

where 

p = density of the gas 

V = average velocity of the gas 

n = viscosity 

D = diameter of the tube 

21 
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It is apparent that for the case of a thennal diffusion column the 

Reynold's number is tenperature and pressure dependent. A Reynold's 

number of about 30 or 40 indicates turbulent flow according to 

Simon (31). Controlled turbulence can be induced by a series of 

corrugations or baffles in the cold wall of the gas tube. These 

irregularities produce well-defined swirls. 

The effect which turbulence has on the separation factor of a 

thermal diffusion column was given separate attention by Donaldson 

and Watson (32), They concluded that a certain amount of controlled 

turbulence would increase markedly the separation capabilities of 

their column. The separation factor of their column was q = 1,53 at 

a pressure three times the critical pressure for the onset of turbulence. 

They placed spacers made of pairs of cross wires of 40-mil Ni wire spot 

welded to the hot wire at intervals of 10 centimeters along i t s length. 

Where their separation had been q = 9,1 at the optimum operating 

pressure without the spacers, i t became 27.2 with the spacers. If 

these spacers were attached every 5 centimeters, q raises further to 

36. 

In a later article Corbett and Watson (33) state that they believe 

that the spacers only help when the cross pieces help to center the 

filament in the gas tube. An article by Saxena and Watson states the 

following: 

We feel that the performance of the column will always inprove 
as long as the spacers improve the centering of the hot wire 
significantly. The spacer should cause enou^ of a temperature 
discontinuity, or should cover enough of the cross-sectional 
area in case it is made of an insulating material to cause 
swirls in the gas flow that will couple the two subcolumns 
together. If the construction of a column approaches the 
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theoretical ideal, i . e . no irregularities in the annular gap 
and no bow in the column, spacers probably cannot inprove the 
separation. (34) 

Trials were run by this e:q)erimenter using the hot wire with 

(1) spacers located every 50 centimeters and (2) spacers every 

25 centimeters. The filament was operated with the same pressure in 

the column for both cases. For filament (1) q * 1.53 and for 
e 

(2) q = lo48c These results indicate that the effect of added 

spacers on the filament of this column was almost non-existent. Careful 

adjustment of the column and visual observation of the hot filament in 

the glass tube indicated that the filament was centered in the gas 

tube and the center tube vertical and had no noticeable bow. 



CHAPTER VI 

EXPERIMENTAL APPARATUS 

There are two types of thermal di f fus ion columns in general use: 

the hot wire type of Clusius and Diekel which has been mentioned 

previous ly , and the concentric tube type. The concentric tube type 

of column i s composed of two tubes of d i f ferent diameters placed in 

a coaxial arrangement such that the ins ide tube can be heated and 

the outside tube cooled by a i r or running water. The gas i s placed 

in the annular gap between the two tubes. The dimensions of the 

di f fus ion columns depend upon the throughput and separation desired. 

In deciding which type of dif fusion column i s to be used, one must 

consider the nature of the gases to be separated, the throughput 

des ired, and the separation necessary. The hot wire type gives 

greater separation because of the large tenperature gradient a t ta in

able; however, the hot wire can cause decomposition of the gases in 

some cases . The larger throu^put i s the main advantage of the 

concentric tube type of column. 

The type of thermal di f fus ion column discussed here i s the 

hot wire type. The ins ide tube has an inner diameter of 9 m i l l i 

meters and an overa l l length of 310 centimeters; the hot wire i s 294 

centimeters long to give an 8 centimeter-long end volume on each 

end of the column. The center wire i s 20-mil tungsten with #24 

steel cross-pieces spot welded to i t such that they are perpendicular 

24 
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to the tungsten wire as well as the previous cross piece. The ther

mal expansion of the center wire -- about 3 centimeters -- is taken 

up by 700 grams attached to the bottom of the filament. The 

connection of the weights to the filament is made by a h-inch brass 

rod which has been machined and polished so that i t will s l ip 

freely through the neoprene 0-ring indicated at the bottom of 

Figure 3. The brass rod is silver soldered to the tungsten filament. 

Electrical connection to the filament is also made through the brass 

rod. The other electrical connection was made to the upper end of 

the tungsten wire by means of a small brass rod extending downward 

from the upper end piece on the tube (Figure 2). 

The water jacket for the center tube is made of 35 millimeter 

O.D. glass tubing, joined to the inner column by means of a flange 

with o-ring seals. The bottom flange is supported by means of 

adjustable legs seating on a fixed platform. (See Figure 3.) 

The power supply for the hot wire. Figure 4, is a solid state 

dc power supply with solid state regulation. The power supply was 

designed by Dr. D. A. Howe. A direct current power supply was 

used to avoid getting vibrations of the filament which occur when 

alternating current is used to heat filament of this length. The 

power supply (Figure 4) was regulated in such a manner that the 

filament's resistance could be kept constant by varying the 

current throu^ i t . The power supply balances a Wheatstone bridge 

on which the filament is one resistor by incresising or decreasing 

the current through the filament accordingly as the resistance is 

too small or too largp respectively. A great deal of trouble was 
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UATLR OUTLET 

TUNGSTEN PILAMEMT 

Fig. 2.--Construction details of the upper end of the 

thermal diffusion column. The cross-hatdied section is metal; the 

small circles between the glass and metal surfaces are O-rinps. 
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uliiarrs 

Fig. 3.--Construction de ta i l s of the lower end of the thermal 

diffusion column. 
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encountered with details of the design of the regulating circuit. 

Some of the large power transistors differed greatly as to the 

amount of current they would carry in the parallel arrangement 

for a given base voltagp. During short periods when the power 

supply was working properly, the regulation appeared to be quite 

good. 

The tenperature of the tungsten wire was determined with a 

Leeds and Northrup optical pyrometer and also from the electrical 

resistivity variation with tenperature. The resistivity measure

ments did not agree exactly with the optical pyrometer for the 

reason that the filament had cool spots where there were cross 

pieces spot welded to the filament. The resistivity measurements 

indicated the average temperature of the filament and it was 

usually found to be about ten or twenty degrees less than the value 

found with the optical pyrometer. Considering the fact that the 

filament was being operated at tenperatures from 650 to 1100 C , 

the disagreement is completely negligible. 

The pressure of the gas in the column was determined with 

an absolute pressure gauge connected to the lower end of the 

column by means of the gas inlet valve. The pressure was always 

determined while the hot wire was at its operating tenperature. 

The gaugp used was an aneroid-type dial reading gauge made by 

U.S. Gauge Company; the gaugp read the pressure in inches of 

mercury. 

Samples of the gas in the column were taken by means of 

sample holders of about 20 milliliters made from glass stopcocks 
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with a ground glass taper joint on one side and the gas container 

on the other side of the stopcock. The sanple holders could be 

evacuated by means of a system of vacuum lines to the ends of the 

diffusion column. 

The samples were analyzed with a Consolidated Engineering 

Corporation Model 21-620 Mass Spectrometer in the Chemistry Depart

ment at Texas Technological College. An Omegatron Mass Spectro

meter was to be used for the project, but it was found after 

putting the Omegatron in operation that the magnet which furnished 

the field did not have a sufficiently homogeneous field in the 

critical region of the Omegatron. The result was that the mass 

peaks were not resolved sufficiently for accurate measurement. 

The associated circuits which were built for the Omegatron did 

seem to function properly. 



aiAPTER VII 

RESULTS 

It was found after several hours of operating the diffusion 

column that the filament developed cool spots from an oxide layer 

that formed on the filament. The mass spectrographs indicated 

that the samples contained large amounts of nitrogen and oxygen. 

The sample holders were thoroughly checked for leaks with a Tesla 

coi l . The entire feed system and column were evacuated to the lO'^ 

torr range and checked thorou^ly for leaks. No leaks were found in 

the system. There i s the possibility that the neoprene 0-rings that 

sealed the ends of the gas tube would shew no leak while the system 

was evacuated, but at the operating pressures of the gas the seals 

would pass small quantities of gas. There would naturally be a 

certain amount of outgassing of the filament and the walls of the 

glass column. Each time the filament was exposed to the atmosphere 

the wire was heated for about 30 minutes under vacuum. Over a 

period of operation of several hours the filament would certainly 

have outgassed to some extent and caused contamination of the neon. 

During the course of taking data on the mass spectrometer, 

gas from the neon supply tank was analyzed to observe the stability 
20 22 

of the mass spectrometer. The ratio of Ne to Ne was found to 

be 10,10 * 0,04, This agrees favorably with standard tables of the 
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relative concentration ratio in naturally occurring neon. This 

ratio corresponds to relative percentages of 90.82% Nê ° and 

9,18% Ne^ .̂ It should be noted here that Nê ^ is also present 

in minute quantities (about 0.27%), but for the purposes of 

thennal diffusion, neon may be considered as a binary mixture of 

the two more abundant isotopes. 

Operating the column at various temperatures, pressures, and 

with various cross-piece spacings, the separation factor, i . e . 

^ (Ne^Q/Ne^^) top 

(Ne^VNe^ )̂ bottom ' 

varied from about 1.2 to a maximum of 3.74. The maximum separation 

factor corresponds to a Nê ° concentration of 95.4%. 

Better separation was expected on the basis of other experi

menters' results using similar diffusion columns. Donaldson and 

Watson (34) report a maximum separation factor of greater than 

30 for a similar column separating the isotopes of argon. 

Eo Von Halle (37) found a separation factor of 5 at a pressure of 

11.5 cm. Hg for a hot wire diffusion column being used to separate 

the isotopes of xenon, 

Sanples #1 and #2 (see Table 1) were taken in sequence from 

the upper end of the diffusion column, Sanple #1 was taken after 

the column had reached equilibrium and the separation factor was 

estimated on the basis of the consideration that the enrichment of 

Ne in the upper end had come from the lower section and the 

corresponding loss of Nê ^ resulted in an enrichment in the Ne 

concentration in the lower end. The lower sampling system was not 
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TABLE 1 

Data Taken for Operating the Thermal Diffusion 

Column at Various Concentrations, 

Tenperatures and Pressures 

Sanple 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Tenperature 

1120 

1120 

1060 

1060 

1060 

1060 

920 

920 

1120 

1120 

Pressure 
Atm, 

1 

9/10 

1/2 

1/2 

1/2 

1/2 

1 

1 

1 

1 

Concentration 
Ratio* 

20.80 

15.20 

11,18 "̂  

10.77 

9.12 

9.34 
J 

y 

12.34 ^ 

7.74 j 

13.55 ^ 

7.39 J 

Separation 
Factor 

3.74 (est . ) 

2.52 (est . ) 

1.22 
(#3-#5) 

1.59 

1.84 

*Ne^°/Ne^^. Note that values greater than 10.02 were taken from 
the upper end of the column; others were taken from the lower end. 
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in operation at the time. The remaining gas in the column was 

allowed to again attain equilibrium between the process of thermal 

diffusion and concentration diffusion before sample #2 was taken. 

Note that the total relative concentration of the isotopes was 

different for #1 than i t was for #2 at the start of the runs. The 

difference in the resultant equilibrium separation factors illustrates 

the effect which concentration has upon the process of thermal dif

fusion, 

Sanples #3 and #4 were taken from the upper end of the column; 

#5 and #6 were taken from the lower end at the same times as #3 and 

#4 respectively, Sanple #3 shows a greater enrichment in the lighter 

isotope than does #4. This indicates that the sample sizes which 

were taken were too large. The volume of the entire column was 

156 mil l i l i ters; the volume of the gas at the ends of the column 

which was not in active circulation was calculated to be 4 mill i l i ters 

at each end. The sanple bulbs were constructed to the specifications 

required for the operation of the mass spectrometer. In view of this 

and the results observed in samples #3 and #4, i t appears that this 

was a direct cause for not observing better results. If the sanples 

were small conpared to the sizes of the end volumes, then the composi

tion of the first few samples would vary only slightly instead of 

the amount observed here and in other data not presented here. 

Sanples #5 and #6 did not show the effect discussed above. It was 

noticed in the analysis of sample #5 that a large amount of nitrogen 

was present. Upon consideration of the relative mass of nitrogen 

molecules and neon molecules, i t seems clear that there was a leak 
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admitting the nitrogen into the column. This nitrogen would diffuse 

to the lower section of the column and disturb the process of thermal 

diffusion of the neon isotopes in that region. The atmospheric oxygen 

was immediately removed by combination with the tungsten filament. 

The separation factor for samples #7 and #8 may be conpared 

with that of #9 and #10 to see the effect which temperature has on 

thermal diffusion. Each run was made starting with a fresh quantity 

of neon from the supply tank. The separation factor in #9 and #10 

corresponds to values obtained by Von Halle (35) for this pressure 

and tenperature range. The relative concentration of Nê ° in #9 is 

93.1%, 

It therefore appears that this hot wire thermal diffusion column 

is capable of enriching a sanple of neon in which the Nê ° concentra

tion is 90.0% to a value as great as 95% in a single cycle of operation. 

The purity of the Nê ° could be increased to over 99% concentration 

sinply by repeated cycles of operation or by using convective coupling 

to connect several columns in series. 

Wc W. Watson, an active experimenter in thermal diffusion, has 

made this statement about the capabilities of thermal diffusion, "It 

is my opinion that by careful construction of the columns . , , , the 

thermal diffusion columns invented by Clusius and Diekel can be counted 

as one of the most successful practical methods of isotope separation."(36) 
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