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Abstract. A new method for determination of themial diffusion factor fry by 
using a thermal diffusion column was suggested. For this purpose the gas mix
ture concentration distributions along the column height were investigated. Thus, 
the fry magnitudes in large concentration interval (i.e. not only at an average 
concentration) can be determined during single experiment. 

1. Introduction 

The thermal diffusion factor aT is the principal parameter characterizing the thermal 
diffusion process in gases, and the Sore coefficient s in liquids. The relation between 
them is expressed by a simple equation: 

Cl:°T 
S = -

T 
(1) 

where T is a temperature. The dependence of Cl:°T on mixture component composition 
x is studied as well as the temperature T and the pressure p at which the process takes 
place. 

The knowledge of TDF enables the intermolecular interactions to be specified and 
thermodiffusion installations to be developed and designed for the goals of practice. 
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2. Methods for experimental Estimation of TDF and the Task of 
the Present Work 

In the thermodynamics of irreversible process the TDF for two-component mixtures in 
a steady state conditions (i. e. without removing a product) is given by the expression 
[ 1]: 

d(ln-x ) 
1-x 

(2) 
aT = d(ln T) 

where x is the lighter component concentration in the mixture. 
If aT is assumed temperature independent, Eq. (2) can be integrated between T1 

and T2 (T2 > Ti) at light component concentrations x 1 and x2 at those temperatures , 
respectively. The integration result is 

(3) 

where 

(4) 

Practically, instead of the separation coefficient q the enrichment coefficient c is 
used [1], the relation between them being 

q - 1 
€= --. (5) 

q 

TDF can be calculated from Eqs (3 - 5). For this purpose three experimental methods 
are applied in practice by using the following: 

a two bulb apparatus (setup) [2]; 
- a swing separator [3], and 
- a thermal diffusion column [4]. 
The method using the two bulb apparatuses is historically the oldest one and it 

is assumed to be a classical method. Nevertheless, it shows some disadvantages . In 
order to achieve substantial differences in concentration high temperature differences 
are required. Besides, the relaxation times are high and they grow considerably with 
the increase of the pressure regime. That makes the method quite unhandy and hard to 
apply at pressure above 0.2 MPa. 

The swing separator multiplies the separation effect and does not requre high tem
perature gradients, but it is also difficult for application at elevated pressures for the 
same reasons, as the two bulb apparatuses method. Besides that, a ve1y sophisticated 
and complicated apparatuses are needed. 

The thennal diffusion column (TDC) method appears to be the most universal with 
regards to temperatures and pressures used. The following versions are known: 
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Furry, Johns & Onsager [6] suggest that TDF should be calculated by using the 
basic TDC equation of plane or pseuduplane geometry proposed by them (see also [7]) 

where 

H 
ln Q = J(h 

:r cxTgp2(53 t:::..T2 B 
J-, - -"-'---~--

- 6!77T2 ' 

J( = K c+ J(d + KP , 

p3g2151 !::::..T2 B 
J( c = ---';___~--

9 !TJ2T 2 D 

Kd = pD/5B , 

!::::..T =TH - Tc, 

T- = THTc TH 
---In-. 
TH -Tc Tc 

Q is the degree of sparation in TDC, 

H , K , K c, Kd , J(P - Furry, Johns and Onsager coefficients (FJO coefficients) , 
h - the geometric height of TDC, 
g - the gravitational constant, 
p - the mixture density, 
15 - the distance between hot and cold walls, 
B - TDC width (in case of circular column- the mean diameter), 
D - coefficient of mutual diffusion, 
17 - dynamic viscosity, 

TH, Tc - the temperatures of hot and cold walls, 
T - the mean temperature. 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

Introducing the expressions for H and K from Eqs (7) - (10) in Eq. (6) for an ideal 
TDC (I<p = 0), one obtains for TDF 

cxT = (pG/5
4

1::::..T + 6!17T D) lnQof. 
9!TJT D pg/52 !::::..T h!::::..T 

(13) 

The Kp coefficient reflects TDC geometry nonperfectness and the nonuniformity of 
the temperature field. There is no analytic correlation for this coefficient. As seem in 
[7] 

(14) 

Cluisius and Rubber implemented a second TDC method by applying a scale factor 
Fs [3]. In this case 

(15) 
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Here Q max denotes the maximum in the Q (p) dependence for the corresponding TDC 
at constant temperatures and starting mixture concentration. Later on the method has 
been elaborated by other authors. Fs is a temperature dependent constant for every 
TDC, which does not depend on the starting concentration of the gas mixture xo and 
the pressure. 

As sho.wn in (8] this method is applicable for isotopic mixtures and gas mixtures of 
similar physical properties. When gases with substantially different physical properrties 
are studied, this method cannot be applied. In this case another version of TDC method 
is recommended [8]. 

A modification of the Funy, Johns & Onsager method by using Rosen's (1] approx
imated equation for TDC is offered in our paper [8]. In that case 

ln Q = c(N + ln QL) 

where 

h 
N =ho, 

Q _ XT L--, 
Xs 

ho = (he+ hct)kr, , 

h - pgt.To4 
c - l00877DT ' 

hct = 
36077DT 
pgt.T82 ' 

kp = 1.0-1.2 ' 

N + lnQL 
ln 

aT = N - lnQH 

ln TH 
Tc 

1 - Xs 
QH = -1-- ' 

- XT 

ho - is the value of the mass transfer unit, used in (1 ], 
he, hct, ho - components, corresponding to FJO coefficients Kc and Kct, 
N - the number of mass transfer units along the height of the column, 
Xs, XT - the light gas concentrations at the bottom and the top of TDC, 
kp - the coefficient, reflecting geometry and temperature field nonperfectness. 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

The principal disadvantage of the TDC version mentioned is the fact, that the phys
ical properties of the gas mixture change along the TDC height are substantial at 
relatively low level of separation Q, and thus experimental error grows. That is the 
reason to carry out the experiment at low degrees of separation (below 10). If the study 
requires a wide range of pressures then 2 or even 3 TDC are needed with various 
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distances between the hot and the cold wall [8]. This is necessary in order to shift the 
Q(p) dependence maximum in the column, as shown in [8]. 

The task in the present work is a new TDC method to be suggested free of the 
above mentioned disadvantages. 

3. A New Method for Estimation of the Thermal Diffusuion Factor 
by Using a TDC 

The high degrees of separation, being a disadvantage of the known TDC methods when 
mixtures of gasses with considerably different physical properties are investigated, 
could tum advantages. 

It is well-known that Eqs (6) and (16) describe the physical processes not only 
in the investgated column but in any single section of it, as well (see [1] and [6]). 
Hence, if the concentration variations along the TDC height are known it can be 
divided into sections (microcolumns). The concentration variations in each of them are 
sufficiently small and aT can be estimated by using Eqs (11), (12) and (16-23). Thus, 
the dependence a.f 1(x0 ) in the interval from x 8 to XT can be detennined only in one 
experiment (at T = const and p = const), where x 0 is the initial concentration of the 
light component in the investigated gas mixture. 

XT (\ h (m) 
f-

I t 

I t working zone 

Tc 
I t 

~I p t 

I t 
I t 

I t 
~ 

XB \....) 

Q XB 

x (mot. parts) 

Fig. l. The concentration variation of the light component along the TDC height 

The concentration variation of the light component along the TDC height, when 
it is sufficiently high, would appear as shown in Fig. 1. Practically, the whole curve 
could hardly be observed but considerable fragments of it can be realized. This allows 
to investigate the dependence a.f 1 (x0 ) (T = const and p = const) over the whole 
interval x0 = 0-1.0 within 3-4 experiments by using mixtures with different x0 . By 
comparison, the methods available allow to determine only one point from the curve in 
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one experiment. To avoid the edge effects both ends of the curve have to be neglected 
(Fig. 1). The tenn "working zone" is used in the figure in order to label the employed 
part of the curve. 

8 

6 

4'--~~'--~---'~~--'-~~--'-~__J 

0.0 0.2 0.4 0.6 0.8 1.0 
x0 (mol. parts) 

Fig. 2. The dependence of a;:- 1 on the light component initial concen
tration T = 347 K and p = 0.34 MPa: • Present work results; \l Results 
obtained using the experimental method as in [9] 

An experimental setup is developed to realize the described method. Some calibra
tion experiments were conducted by using three NrHe gas mixtures with He con
centrations 0.115, 0.534, and 0.854 mole fractions, respectively. The experiments were 
carried out at p = 0.34 MPa, n = 423 Kand Tc = 287 K. The dependence a.f 1 (x0 ) 

obtained from those experimental data is drawn in Fig. 2. In the same figure (for 
comparison) five a.f 1 values for different initial concentrations are plotted. They are 
obtained at the same conditions using the experimental method as in [9]. It is clearly 
seen that the new method allows to obtain the dependence a.f 1 (x0 ) more precisely. 
Only 3 experiments are enough for it. The other TDC methods need more experiments. 

The experimental setup description will be published separately. 

4. Conclusions 

The results from the calibration experiments confinned that the new method is more 
efficient and convenient. It allows to make investigations at high pressures up to 1.2 
MPa with an accuracy higher than the achieved in the other TDC methods . 
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