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Abstract. An experimental setup for detennination of the thermal diffusion factor 
ar at pressures up to 1.2 MPa by using a thermal diffusion column is described. 
The apparatus is based on an original method published previously elsewhere [5]. 
Calibration experimental results for N2 - He mixture at two pressures 0.34 MPa 
and 0.68 MPa and mean temperature 347 K are presented. 

1. Introduction 

The thermal diffusion factor (TDF) a T is a fundamental parameter that characterizes 
the thermal diffusion process in gases and liquids. Therefore, the investigations in this 
field are connected mainly with its detennination. The dependences on the temperature, 
pressure and gas 1nixture composition are investigated. 

The knowledge of TDF allows to make conclusions about the nature of the inter
molecular interactions, or to design a concrete thennal diffusion system. 

2. The Experimental Method and Task of the Present Work 

A few thennal diffusion column (TDC) methods for detennination of TDF exist: 
(i) Furry, Jones and Onsager [l, 2) (FJO) proposed to calculate the TDF using the 

equation of TDC, obtained by them. 
(ii) A modification of this method is suggested in [3) . It uses a more precise version 

of the FJO equation obtained by Rozen [4). 

lnQ = c(N + lnQL) (1) 
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where 
h 

N =ho' 

QL = XT' 
Xs 

1 - Xs 
QH = -1-- ' 

- XT 

ho = (he+ hct)kp , 

h - pg6.T84 
c - 100817DT ' 

h _ 36077Df 
ct - pg6.T82 ' 

kp = 1.0- 1.2 ' 

T
- TH Tc TH 

= ln-
TH - Tc Tc ' 

6.T =TH - Tc , 

and Q is the degree of separation in TDC, 
c; - the enrichment coefficient, 
g - the gravitational constant, 
p - the mixture density, 
8 - the distance between hot and cold walls, 
B - TDC width (in case of circular column - the mean diameter), 
D - the coefficient of mutual diffusion, 
T11 , Tc - the temperatures of hot and cold walls, 
17 - the dynamic viscosity, 
f - the mean temperature in TDC, 
h - the geometric height of TDC, 
ho - the value of the mass transfer unit, used in [3], 
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(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

he, hct - the components of ho, corresponding to FJO coefficients and K c, I<ct, 
N - the number of mass transfer units along the height of the column, 
x 8 , XT - the light gas concentrations at the bottom and at the top of TDC. 

From Eq. (1) using Eqs (2) - (9) for TDF follows (see [5]): 

where 

N + lnQL 
]11---....::....:::C 

N - lnQ1-1 

ln TH 
Tc 

T * - TH +f 
H - 2 ' 

Tc= Tc +t. 
2 

(10) 

(11) 

(12) 
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(iii) It is well-known that Eq. (1) is valid not only for the entire TDC but for any 
part of it (see [4]). Hence, if the variation of the gas concentrations along the height 
of TDC is known, the column can be divided conditionally into several sections and 
in each one the concentration gradient is sufficiently small. After that each column 
part can be considered to be a single column with its own x 8 , XT and x 0 , where x 0 is 
the initial concentration of the light component in the investigated gas mixture. Then 
TDF can be calculated by using Eqs (2)- (12) for each section. Thus the dependence 
a.f 1(x0) can be defined in the range from x 8 to XT . 

The realization of this method is the task of the present work. 

3. Experimental Setup 

Principal scheme of the experimental setup that realizes the method described in [5] is 
shown in Fig. 1. As TOC is the most important element of the experimental setup its 
schematic plan is drawn in Fig. 2. Positions from 1 to 5 are the same as those in Fig. l. 

TDC is made by two concentric 2400 mm, long stainless steel tubes 2 and 4 (Figs 1, 
2). The outer diameter of the inner tube 2 is 30 mm, and the inner diameter of 

power 
supply 

GC-3 GC-1 GC-2 

MM601 

Fig. 1. Principal scheme of the experimental setup 
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Fig. 2. Thennal diffusion column plan 
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the outer tube 4 is 38 mm. The inner tube 2 is stuffed in a brass tube 032 x 0.9 mm. 
The collinearity between tubes 2 and 4 is achieved by the guide bush 6 and the conflate 
flanges J. This is done to increase the heat conductivity of the inner tube 2. So the 
distance between the inner (hot) and outer (cold) walls of the column is fixed to be 
8 = 3±0.1 mm. This value of 8 is chosen so that the Q(p) dependence maximum is 
between 0.3 and 0.6 MPa at T = 320-460 K for the investigated N2 - He mixture. This 
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construction, when necessary, allows variation of distance 8 by changing the outer tube 
of the column. The ratio outer/ inner diameters is less than 1.2 which is sufficiently low 
to consider that the column geometry is pseudoplane. An electrical heater 3 is mounted 
in the inner tube 2. It is connected to the power supply PS 1 (see Fig. 1) which permits 
variation of the power from 0 to 12 kW. The heater is made of 8 parallel connected 
Cantal A rods with diameter 4 mm (see pos. 8 in Fig. 2), fixed along the length of the 
inner tube 2 (see cross-section in Fig. 2). The power supply is connected to the bottom 
of the column via a copper tube S mm in diameter and 1 mm thick fitted tightly in a 
06 x 0.4 mm stainless steel tube 9 which avoids the oxidation of the copper at high 
temperatures during the experiments. 

The TDC hot wall temperature Ti, is regulated by changing the power supply. This 
temperature is controlled by two Ni-Ni/ Cr thennocouples 7 with accuracy ± 1 K. In 
order to conserve the geometry of the working space the leads of the thennocouples are 
put into a channel along. the length of the inner tube 2 and filled with ceramic isolation. 
So they are fixed at two different heights, as shown in Fig. 2. The temperature can be 
changed from 300 K up to 800 K. 

The outer tube 4 of the TDC is surrounded by water jacket 5. The temperature Tc 
is kept between 280 K and 290 K by regulation of the water flow. 

The initial concentration of the gas mixture x0 is accomplished for any single ex
periment. First TDC is evacuated two times through valves Vl - VS by a vacuum pump 
VP. It is filled with any of the investigated gases between both evacuations. The column 
is filled with the investigated gases from the gas cylinders GCl and GC2 through the 
reduction valves RVl and RV2. The ratio between two components is realized using 
a manometer Gl with accuracy 0.6 %. The working pressure can be in the range 0.2-
1.1 MP a. First the cameras C 1-CS are evacuated twice down to 1 Pa with the vacuum 
pump VP. The pressure therein is measured with the manometer G2. The cameras are 
filled with Ar or other neutral gas from the gas cylinder GC-3 between two evacua
tions. Gas samples for analyses are taken from S points at different heights through 
valves Vl - VS (see Figs 1 and 2). The cameras Cl -CS are filled with gas from TDC. 
Their volmne (2-3 cm3 for each of them) is substantially less than the column volume 
(about 1200 cm3 ). So the extraction of the gas samples does not affect the TDC pro
cess. The gas from cameras Cl - CS goes for analyses through valves V6-Vl0 into the 
mass spectrometer Micromass with sensitivity of the order of 1 ppm. 

The distance between valves V 1 and V2 is 1800 1mn. This is the working zone of 
TDC (see [S]). There are two sections (2SO mm long) on both sides of the working 
zone where the composition of the gas mixture is not controlled. 

4. Experimental Procedure 

The column was filled with the investigated gas mixture with chosen initial concen
tration x0 under chosen pressure. The cooling water and heater 3 (see Fig. 1) kept up 
the chosen temperatures 11,and Tc. When the separating process was stabilized (the 
relaxation time was obtained previously [3]), samples for analyses were taken through 
valves Vl - VS. After that a new experiment with other mixture could be done. 
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The valves Vl-V5 divided the working zone of TDC into "micro-TDC", which top 
(XTi) and bottom (xsi) concentrations were detennined by MM601. The experiments 
have shown that it is enough to have micro-TDC where the concentration variation 
along the height of the column is linear or almost linear and its gradient is sufficiently 
small. If the concentration variation in the micro-TDC is linear or almost linear it could 
be accepted that 

XTi - Xsi 
Xoi = (13) 

2 

Otherwise the determination of Xoi becomes/difficult. Our estimations showed that the 
concentration gradient could be considered sufficiently small if 

6.x = XT - Xs:::; 0.15. (14) 

If the above condition is fulfilled the gas properties along the height of micro-TDC 
could be considered almost constant. Further decrease of 6.x did not lead to significant 
improvement of results. If the concentration variation along the height of any of the 
micro-TDC is too large then the micro-TDC has to be divided into two or more parts. 
The He concentrations in the dividing points between these new micro-columns were 
calculated using a mathematical description of the law of concentrations variation along 
the height of the whole TDC. It was obtained using the Least squares method. 

The total inaccuracy in detennining aT through factors N, QL and QH and by the 
ratio (T1; / Tc*) was estimated to be even less than 5 %. The values of p, 1J and D were 
deduced for the values of x 0 , T and p for each of the defined micro-TDC. T and p 
were uniform for all micro-TDC for any single experiment. Using Eqs (2) - (9), (11) 
and (12) N, QL, QH,' T 1; and Tc* were calculated. Finally TDF was calculated using 

Eq. (10) for each micro-TDC (see [5]). 
Experiments were canied out with N2 - He mixtures at pressures 0.34 MPa and 

0.683 MPa. Three N2-He mixtures were used with concentrations of He (x0 ) 0.115, 
0.534 and 0.854 mole fraction. The temperatures of TDC walls were n = 423 Kand 
Tc= 287 K, and the mean temperature was T = 347 K. The He concentration variation 
along the column height for the investigated mixtures at 0.34 MPa was shown in Fig. 3. 
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Fig. 3. The concentration varation of the light component along the TDC height 
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Fig. 4. Dependence of Qr on initial concentration (xo) of light component at 
T = 347 K and two pressure 0.34 MPa and 0.68 MPa 

The TDC was divided into 4 micro-TDC. Each of them was situated between two of 
the analysis points. TDF for any of the micro-TDC was calculated. The dependences 
a; 1 

( x0 ) at p = const and T = const were obtained and presented in Fig. 4. 
The experiments showed that three gas mixtures with He concentration about 0.08-

0.15, 0.45-0.55 and 0.75 - 0.85 mole fractions are enough to detennine the a-f 1 (x0 ) 

at p = const and T = const (see Fig. 3). The use of 4 mixtures with recommended 
He concentration about 0.08-0.15, 0.25-0.30, 0.50-0.60, and 0.75-0.85 mole fractions 
was necessarily rare. The usage of more mixtures is not necessary. 

The known TDC methods need at least 5-7 gas mixtures with a constant composition 
and 5-7 experin1ents, respectively, to determine the a-f 1 

( x0 ) at p = con st and T = const. 
One of the main advantages of the introduced method is that the number of obligatory 
experiments is reduced to 3-4. So it is obvious that the new method is more efficient 
and convenient. 

5. Conclusions 

The results from the calibration experiments showed that the new method and apparatus 
for his realization allowed to make investigations at high pressures up to 1.2 MPa with 
an accuracy higher than the achieved in other TDC methods (see also [5]). 

The above described apparatus is convenient to investigate different binary gas 
mixture. Sometimes, in order to carry out the investigations in the region of Q (p) 
dependence maximum, the parameter 8 can be changed. In this case one should be 
careful about the TDC pseudoplane geometry. 
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