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The present paper exemplifies the theoretical calculations for a thermal diffusion column 

of the hot filament type, easy to build in coilege laboratories. The separation of a binary 

mixture of carbón dioxide and argón has been studied and the separation factor, theoretically 

calculated, has been checked against the experimental separation factor. The results show 

an acceptable agreement.

T
HE separation of a binary mixture of 

roughly 50% C 0 2 and 50% A has been 

studied using a demonstration thermal diffusion 

column of the hot filament type available in our 

laboratory,1 in order to check the separation 

factor theoretically calculated on the basis of 

the valúes of the components’ physical constants. 

It was assumed that the molecular model of 

the (12-6) Lennard-Jones potential is valid for 

both components in the prevailing conditions 

of the experiment. In this model the inter­

molecular forcé is the result of the superposition 

of two forcé fields—one attractive and the other 

repulsive—which derive from a potential ex- 

pressed analytically in this paper.

Although this procedure is less accurate than 

the method of the two bulbs, since the valúes of 

a depend on all the theoretical approximations 

and experimental errors, it is advantageous 

because it produces greater variations in the 

concentration, which can be easily measured. So 

the method is simple enough to be used in coilege 

laboratories, and illustrates typical calculations 

for a thermal diffusion column.

The column, whose effective length is 190 cm, 

is made up of a 10-mm inner diameter pyrex 

glass tube, cooled on the outside, having a

0.3-mm diameter nichrome axial filament. To 

keep the filament centered, spiral 0.3-mm 

nichrome spacers are placed at the top and 

bottom of the column.

To follow the process of separation and to 

find the degree of concentration of the compo­

nents at both ends of the column, thermal 

conductivity gauges like those described pre-

1 J. A. McMillan and C. E. Español, Am. J. Phys. 24, 
287 (1956).

viously1 were used. It is essential to calíbrate 

them beforehand, using C 0 2 —A mixtures of 

known proportions; this procedure assumes that 

the column functions symmetrically.

As it is necessary to maintain a direct current 

of uniform intensity (4 = 0.5 amp) circulating 

through the thermal conductivity gauges, two 

400-w lamps were placed in series with them. 

These lamps, which were arranged to remain in a 

semi-incandescent state, stabilized the intensity 

of the current because of the variation of their 

resistance following any alteration of their 

temperature.

1. CHOICE OF A MOLECULAR MODEL

The choice of a molecular model is made by 

comparing the experimental valúes of the 

physical constants of the gases under survey 

with the theoretical valúes resulting from 

calculations based on the particular expressions 

for each model. Considering the available 

viscosity and self-diffusion valúes for carbón 

dioxide and argón gases2 and the valué of the 

diffusion coeffkient for the carbón dioxide-argon 

mixture,3 the (12-6) Lennard-Jones molecular 

model of potential is appropriate. In this model 

the intermolecular forcé is derived from a 

potential given by

* (r )= 4 e[ > A )12-(<xA)6],

where r is the distance between molecules, <x, 

the collision parameter, is the distance at which 

the potential energies of repulsión and attraction

2 Hirschfelder, Curtiss, and Bird, Molecular Theory of 
Gases and Liquids (John Wiley and Sons, Inc., New York, 
1954), Table 8.4-2, p. 562; Table 8.4-13, p. 581. Every 
future reference to this book will be abbreviated as HCB.

3 See reference 2, Table 8.4-12, p. 581.
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T a b l e  I. Constants for a carbón dioxide-argon mixture.of the field are equal, and 4e is the valué of 

each oí the energies at distance a.

2. CALCULATION OF THE CONSTANTS FOR A 

CARBON DIOXIDE-ARGON MIXTURE

Here, we follow the analysis in reference 2. 

The temperature (7’i) of the coid wall of the 

column is 300°K, so the constants of the mixture 

are calculated at this temperature.

The valúes of the collision integráis, necessary 

for the calculations, will be estimated at the 

reduced temperature T* = k T t ; and the valúes 

of the constants e and <r resulting from the 

application of the empirical law of combinations 

will be used. 4

The subscripts 1 and 2 correspond to argón 

and carbón dioxide, respectively. In thisway, the 

valúes indicated in Table I are obtained.

Density

Pi2 = HP 1+P2) = 1.711 X 10'~ 3 g cm“J at 300°K.

Viscosity

Viscositv in a gas mixture varies with the 

composition, and can be greater than that of 

its components in certain cases.

Following HCB the viscosity coefficient of a 

binary mixture is given to a first approximation 

by
l / , ?m= ( X , +  F , ) / ( l+Z ,) ,

where

X , = (NS/vi) + ( 2  NtNt/vu) + (NS/ m),

Mr 2 N ¡N 2 (M 1 + M 2y 
f

?7l M ‘2 1712 4:AílMn

and

Z , = f ¿ i 2* W --+ 2AW:
M i
>

M 2

Vn2 N ¿ M t \
X — h-----

771772 772 Mi\

{Mr + M .Yr 2
2 ------L 4M 1M,

(
Ví2 V l 2 \  1  M i )
— -̂----) - l  + A V ------ ,
771 772 /  J M 1 J

in which N u N 2 = molar fractions of gases 1 

and 2, M u = molecular weights of gases 1 

4,See reference 2, p. 567.

A Reference C02 Reference A —CO 2 Reference

<r( A) 3.418 a 3.996 a 3.707 b,c
*/*(°K) 124 a 190 a 153 b
'J'* 2.419 2.1579 1.961
Q«r*)0»; 1.082 d,e
S)(r<)( 22) 1.104 d 1.286 d 1.184 d,e

1.094 f,e
1.121 f.e

C(T*)* 0.833 f»e

% HCB, Table 8.4-1, p. 561. 
b HCB, Table 8.4-12, p. 579. 
c See reference 2, p. 567. 
d HCB, Table I-M, Appendix, p. 1126.
e The quantities A,  B, and C of HCB, p. 528, correspond to A,  B, 

and C of S. Chapman and T. G. Cowling, The Mathematical Thtory oj 
Non-Uniform Gases (The Cambridge University Press, New York, 
1952), p. 164, and of K. E. Grew and T. L. Ibbs, Thermal Diffusion in 
Gases (The Cambridge University Press, New York, 1952), p. 26, 
divided by the corresponding valúes for the model of rigid spheres. 

f HCB. Table I-N, Appendix, p. 1128.

and 2 , 771, 7j2 = coefficients of viscosity of gases 

1 and 2  given by

(MT)i
77 = 266.93------- 10 ” 7 g cm- 1  sec-1,

<r2nÍT*)m t

7)12 = coefficient of viscosity of an assunied puré 

substance of molecularweight 2M iM t/ (*1/ i + Jlf2) 

whose potential parameters are o-i2 and «12, 

given by

[2M iM 2T/ (M i + M 2) ^
7712 = 266.93---

on C20')*
0'l2“4*12(7’u * )v

X 1 0 - 7  g cm- 1  sec-1.

For our valúes we get

77m = 1830 X10- 7  g cm- 1  sec-1.

Diffusion Coefficient

The diffusion, instead of the self-diffusion 

coefficient, is used, as we are dealing with a 

common binary mixture of isotopic type.

Although the formulas given as a first approxi­

mation indícate that the diffusion coefficient is 

independent of the concentration of the compo­

nents, to a second approximation they have a 

certain influence even though the calculation 

shows that whatever the adopted molecular 

model may be, its influence is not greater than

i3% .
The first approximation given by HCB is

£ > 1 2  = 0.0026280-
P<T l22Si12 iii2(ri¡») (11)*
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Table II. Calculated valúes for thermal diffusion column.
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T2/T 1 ri/ri h kc kd /no® XdO1 JCdlO* íCplO® 2 A L

2.4 23.3 0.074 0.0156 0.654

g sec-1

1.795

g cm sec-1 

6.166

g cm sec-1

12.230

g cm sec-1

1.850 1.67 5.3

where P  is expressed in atmospheres. Henee 

Z?i2 =  0.142 cm sec-1.

Coefficient of Thermal Diffusion

Because the same type of molecular interac- 

tions can be assigned to both gases6 and because 

the relative difference of mass (M i — M¡)/ 

(M i + M 2) is small with regard to the absolute 

valúes, it is possible to calcúlate the thermal 

diffusion coefficient of the mixture to a first 

approximation as if it were isotopic, by applying 

the expression of HCB,

15(2¿* + 5)(6C*-5) M i- M t

2A*(\6A*— \2B* + 55) M x + M 2

Henee,

í= -0.0118.

These formulas assume that the largest portion 

of the gas is at temperature T

In the extreme cylindrical case, ri/r2>2.718, 

and the separation factor of the column is

where 2A = H / (K ^K d + K j,), I I  and K c, K it K p 

being the coefficients of the transport equation 

given by

2t [ ap2g]
H = — \--- r/A,

6 !L t) J t i

K¿ = 27r[p£>>/12¿«í,

K ,
27Tf P3g2l

--  r!*ke,
2irJT 

9 !L

K P = 0.3KC

The negative valué of the coefficient of thermal 

diffusion means that the light component 1 

(argón) tends to accumulate at the upper end, 

and the heavy one 2 (carbón dioxide) at the 

lower.

3. CALCULATION OF THE SEPARATION 

FACTOR OF THE COLUMN

The necessary data for the calculation, 

according to our experimental conditions, are

Inner radius of the outer tube 

Radius of filament 

Temperature of the coid wall 

Temperature of the filament 

Acceleration of gravity 

Effective length of column

where h, kc, kd, are valúes depending on the 

relations T2/T i and ri/r2, which have been 

found by interpolation in Tables VI, V II, and 

V I I I  of the article already mentioned.6 Thus 

the valúes of Table II are obtained.

4. EXPERIMENTAL CHECK

The readings for the relative concentrations 

of the components at both ends of the column 

are

Initial concentration Ni* = 51 1—7Vi° = 43 

End rich in component 1 N i =72 \—N i= 2 8  

End poor in component 1 N i” = 39 \ —N i '  = 6l.

ri = 0.350 cm 

r2 = 0.015 cm 

r 1 = 300°K 

r2 = 720°K 

g = 981 cm sec-2 

L = 190 cm.

Henee, if

then

N i'/ (1 - N i’)

' Ni"~/(\-Ni")

The physical constants of the gas have been 

calculated at the temperature of the coid wall 

since the formulas given by Jones and Furry6 

for the extreme cylindrical case have been used.

6 K. E. Grew and T. L. Ibbs, Thermal Diffusion in Gases
(The Cambridge University Press, New York, 1952),
pp. 25 and 28; reference 2, p. 542.

6 R. Clark Jones and \V. H. Furry, Revs. Modern Phys. 
18, 171 (1946); Phys. Rev. 69, 459 (1946).

The results show an acceptable agreement. 

The deviation of the experimental valué from 

the theoretical one can be attributed to the fact 

that the mixture is not exactly isotopic and that 

the separation factor of the column has been 

calculated using the formulas deduced for the 

Maxwellian case, the only one which has been 

solved to date.


