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The Soret coefficient was measured  by the t ransient  method in a thermodiffusien column, for  
binary mixtures  with a low concentrat ion of one component, following a theoret ical  review of 
this method as to its applicability to this special case.  

It has been shown in [1] that, in the case of a binary mixture being parti t ioned in a thermodiffusion 
column closed at both ends, it is neces sa ry  to omit the stipulation of zero fluxes at the column ends f rom 
the mathematical  formulat ion of the boundary conditions for the t ransient  process ,  inasmuch as in such a 
column there  always appear  end regions where the s t ream r e v e r s e s  direction. 

This method of determining the Soret coefficient on the basis  of such a physical  model will be proved 
valid here for the case where the concentrat ion of one component is low, i . e . ,  where the nonlinear t e rm 
c (1--c) in the t ranspor t  equation may be replaced by the concentrat ion c. 

We note that the low-concentrat ion range is of pract ical  interest ,  inasmuch as one can establish here 
the feasibili ty of using thermodiffusion as a technological p rocess  for h igh-grade purification of substances.  

In this case ,  then, the problem reduces  to that of solving the differential equation 

Oc O~c ~c 
a ~ -  ou ~ @ (I) 

with the boundary conditions 

and the initial condition 

y=O 

Oc = ( c - -  Oc 

ClO= 0 == C O. 

The solution to (1) with constra ints  (2)-(4) is, in Laplace--Carson t rans forms ,  

Ye 

c - - c  o = - e  T e " ~ch)~y-'r +y~o)ip sh)~y 
P 

(2) 

(3) 

(4) 

(5) 

where 

V 1 ~ = P + --4- " 
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Linear  approximation of Eq. (8): 1) YeWe : 8; 

3) yeO~e = 3.33; 4) YeWe = 2; 5) YeWe =0.25. 
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Fig. 2. Slope b as  a function of the 
p a r a m e t e r  YeWe in fo rmula  (10). 

F o r  the posi t ive  end of the column (y = Ye) we have 

Xch~,Ye+(I+Yeo~p) sh~,Y~ ~, exp (yd2) 
C"- e ~ C o Co 

P + Ye (~176 + Y~~ sh ;Ly. +~'Ye (%+0)0 ch ;Ly e 

Inasmuch as  we a re  in te res ted  he re  in the p r o c e s s  k ine t ics  dur -  
ing the initial per iod,  it is p e r m i s s i b l e  to let  cosh ~,Ye ~ sh Ay e 
in Eq. (6) and thus replace  it by the following equation 

ce - -  co = t . (7) 
Ye%P y~% X + 1/ye% : 1/2 

An inverse  t r ans fo rma t ion  yie lds  the or iginal  function 

where  

1 + 1 [ (2k--1)(4k'~ + 1)]  err V 'x  
ve = 2 k + ~  2 k + ~  1 -]- 2 ( 2 k +  1)x j 2k--1 

+ 2 k + ~  t/n--x (2k--1)  2 -r- x(2k+l)  2 

Xexp  2 k - - l '  x eric "2 - - 1  x(2k+l)  2 ' 

(8) 

c - - c o 2 k - - 1  ( 1 )  2 1 1 
= - -  ; x = O  k - - ~ -  ; k = -  + (9) 

Ve 2C O X Ye~e 2 

It is  evident, according to (8), that  for  a shor t  t ime  the change in concentrat ion at the posi t ive column end 
will not be affected by the s ize of the end region on the negative side. 

Equation (8) is amenable  to a l inea r  approximat ion:  

v e = a - - b ~  x ,  (10) 

as  indicated in Fig. 1. Unlike in the case  where  c(1--c)  = const ,  which has been cons idered  e a r l i e r  [1], 
he re  p a r a m e t e r s  a and b in (10) a re  functions of the p a r a m e t e r  YeWe, but this relat ion is a weak one for  
a and, with an e r r o r  not exceeding 1%, a ~ 0.965. As to slope b, i t s  re la t ion  to YeWe is shown graphical ly  
in Fig. 2. 

F o r  ve ry  shor t  t ime per iods ,  when the exponential  function and the probabi l i ty  integral  may,  with 
sufficient accuracy ,  be replaced  by the f i r s t  two t e r m s  of the i r  r espec t ive  s e r i e s  expansions,  Eq. (8) be -  
c o m e s  

= 1 4_ 1 / x _  
Oe (11) 

3 V 

The l inear  range cor responding  to condition (11) is r ep re sen t ed  in Fig. 2 by segment  AB with the slope 
b = 4/3r 

Substituting for  v and x the i r  values ,  and taking imo account the expres s ions  for  0, Ye, and w (see 
NOTATION), we may  rewr i t e  f o rm u l a  (10) as follows: 
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T A B L E  1. G e o m e t r i c a l  p a r a m e t e r s  of the  T h e r m o d i f f u s i o n  Column 
Distance from 
upper end of 
the outer cyl- 
iMer, mm 

8 
100 
150 
250 
300 
387 

Mean inside diameter 
t of the outer cylinder, 
l mm 

49,97010,0025 
49,972~0,0025 
49,968• 
49,975~0,0025 
49,976• 
49,976• 

Note: Mean ac t ive  gap 6 = 0.274 mm 
upper end region V = 4.1 cm ~. 

Mean outside 
diameter of the 
inner cylinder, 
mm 

49,421 • 
49,422• 
49,426• 
49,42110,0020 

active column length L = 340 mm 

an diameter of centering 
acers, mm 

upper lower 

49 49,931 +0,0020 

19~ �9 0~ 0020 

and volume of 

w h e r e  

(hc)~ = h - -n  V~-, (12) 
T 

H H (13) 
h = ac o --~ ; n - -  bc o - - ~  l /  m K  . 

E x p r e s s i o n s  (13) d i f f e r  f r o m  t h o s e  g iven  in [1] by c on t a in ing  c o i n s t e a d  of r = c ( l - - c ) .  

With  h and n a r e  d e t e r m i n e d  e x p e r i m e n t a l l y ,  we wil l  t hus  have  

h ~ a s H h a M a ~ / - ~ -  
- -  = co - -  . ; . . . . .  coL - -  

f r o m  w h e r e  

srr =l/r - ~ 6 ,  hep 68Ar 
- - ' c o a 2 n  AT ; % VD--=  1/9].- an ~IL (15) 

When u s i n g  f o r m u l a s  (15), one m u s t  r e m e m b e r  tha t  s lope  b i s  a func t ion  of Yecoe, a s  h a s  been  no ted  
e a r l i e r .  With  w e r e p l a c e d  a c c o r d i n g  to  (15) and Ye r e p I a c e d  by i t s  v a l u e  a c c o r d i n g  to  the  adop ted  no ta t ion ,  
t h i s  p a r a m e t e r  Yecoe b e c o m e s  

/ 7 bh A T  

y~% = l~ !0 an 6 " s l I D  

or ,  a c c o r d i n g  to the  f i r s t  equa t ion  in (15), 

hSb 2 
ye fO e --- _ _  

coaSn 2 (16) 

The l a s t  e x p r e s s i o n  e s t a b l i s h e s ,  f o r  any  s p e c i f i c  e x p e r i m e n t ,  a un ique  r e l a t i o n  b e t w e e n  YeWe and the  
s l o p e ,  n a m e l y  

b = ndo/2 "- (17) 

When r e l a t i o n  (17) i s  r e p r e s e n t e d  by  a g r a p h ,  then  i t s  i n t e r s e c t i o n  with the  c u r v e  in F ig .  2 wi l l  y i e l d  
the  sought  va lue  of b to  be u s e d  fo r  c a l c u l a t i o n s  a c c o r d i n g  to  f o r m u l a s  (15). 

With  0, Ye, and  co r e p l a c e d  by t h e i r  v a l u e s ,  we have  f o r  x: 

x = m K x / M 2 ,  

whence ,  in v i ew  of the  s e c o n d  equa t ion  in (14), 

- -  x. (18) \ a n /  

We wi l l  now d e t e r m i n e  fo r  how long  p e r i o d s  of  t i m e  T f o r m u l a  (11) i s  s t i l l  a p p l i c a b l e .  A c c o r d i n g  to  F ig .  
1, a t  the  p o s i t i v e  co lumn  end the v a l i d i t y  r a n g e  of f o r m u l a  (11) n a r r o w s  down a s  the  v a l u e  of p a r a m e t e r  
YeWe i n c r e a s e s ,  and  i s  0.006 < x < 0.025 at  the  v a l u e s  of Yecoe s p e c i f i e d  on the  d i a g r a m .  

T a k i n g  the  a v e r a g e  of the  g iven  v a l u e s  (x = 0.015),  f o r  e x a m p l e ,  then,  wi th  YeWe = 2 f o r  m i x t u r e  No. 1 
(see  Tab le  2), we f ind  tha t  f o r m u l a  (11) i s  a p p l i c a b l e  only  d u r i n g  l e s s  than  4 min .  
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TABLE 2. Data on Binary Mixtures and Operating Tempera tu res  in 
the Thermodiffusion Column for Measurements  of the Soret Coeffi- 
cient 

Co (molar frac- . , �9 �9 ' 
tion3 D. 109, B. l0 s, i .10 s, P .10 s, 

Nt~. I II I II mZAe c _deg.~ 4.sec kg/m i r,, ~ 
lm2 

1 CCI~ C6H14 0,9612 0,0388 ,487 [2] 1,23 0,791 1,556 328 298 308 
2 CC14 C6H12 0,9648 0,0352 ,34 [3][ 1,23 0,791 1,556] 328 298 308 

0,%7  0,6422 ,79 ,:555566 0,97 70,0    ,79 , , i  

Coefficients 8 and ~, as well as the density, ate assumed the same as for com- 
ponent L 

Test mixture ~-- 

Note 

Tz ' OK ~ AT o K 

30 
30 
30 
30 

It is technically difficult to c a r r y  out such an experiment  in a column during such a short  time, of 
course,  and the tes ts  must  be per formed within the range on the r ight-hand side of point B in Fig. 1. 

Formulas  (15) were used for  evaluating the Soret coefficient on the basis  of measurements  in columns. 

The tes ts  were per formed in an apparatus consist ing essential ly of a column made up of two coaxial 
cyl inders .  The geometr ical  pa r ame te r s  of this column are given in Table 1. 

Since the inner cylinder compr ised  the hot surface,  hence the gap width was throughout the exper i -  
ment smal ler  than nominal (specified in Table 1) by ad(Ti--293), with a denoting the l inear  expansivity of 
s t ructural  steel and d denoting the outside diameter  of the inner cylinder.  The tes ts  were pe r fo rmed  at 
the tempera ture  T 1 = 328~ corresponding to 6 = 0.266 ram. The allowance for expansion of the centering 
spacers  at this t empera ture  did not, however, ensure  their  contact with the inside surface of the outer 
cylinder and did not preclude the possibil i ty of a mtsal tgnment between the cyl inders  during the assembly 
of the column so that their  eccentr ic i ty ,  in fact,  could fluctuate f rom 0 to 20 /4  i . e . ,  the average eccen-  
t r ic i ty  was e = 10/~ or  e/6 = 3.8%. 

The upper end region of the column remained within the active zone and was contained by seals.  The 
lower end region was eliminated by filling it with a Teflon collar .  The inner cyl inder  was heated with hot 
water  f rom a model U-10 ~ thermosta t .  The tempera ture  was measured  with twelve copper--constantan t he r -  
mocouples,  six on each thermosta t ic tzed  surface.  

The theoret ical  justification of determining the Soret Coefficient by this method is based on our ability 
to establish the kinetics of parti t ioning a binary mixture within a ra ther  short  time. For  this reason,  the 
reliability of the final r e su l t s  depended very  much on developing the experimental  technique by which the 
boundary conditions could be established in accordance with the mathematical  formulation of the problem. 

This required a steady tempera ture  distribution in the apparatus and a uniform concentrat ion profile 
along the column height at t ime zero.  These conditions were met in the following way: the thermos ta t s  
were turned on and some time la ter  the mixture for the partit ion tes t  was poured f rom the lower end while 
being drained into a sampler  in the upper end at such a rate that no ver t ical  concentration gradient would 
appear, i . e . ,  the column was operated in the sampling mode with a concentration c o maintained at one of 
its ends. It can be shown that in this case,  when c << 1, the parti t ion index was 

ce ~q=1 + !  
co • (19) 

Considering that the requirement  of a nearly zero  gradient  along the column height was met when q = 1.005, 
we found the fac tor  ~ = a/H -- 500. For  most  organic mixtures  H is of the o rde r  of 10-7-10 -5 kg / sec ,  i . e . ,  
the sampling rate must  exceed 10 -s kg /sec .  For  this reason,  the sampling operation has been designed to 
last  only a few minutes at a rate of approximately 3 g/rain. During this  t ime an entire column volume was 
displaced and a steady tempera ture  was established ac ros s  the gap, this t empera ture  being measured  with 
thermocouples .  

As both the upper and the lower sampler  were covered again, we s tar ted the stopwatch and began 
counting time. 

The mixture pa rame te r s  and the operating tempera tures  are  l isted in Table 2. 
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TABLE 3. 
ruination of the Soret  Coefficient in Binary  Mixtures 

Test mixture h �9 10 5, n �9 107, I co according 
sea-3/2 (see Table2) sec "z to (16)  according 

�9 t o  (15) to (20) 

1 2,50 
2 1,02 
3 1,30 
4 0,94 

Resul ts  of Test  Data Evaluation Per ta ining to a De te r -  

7,55 
5,03 
4,46 
5,42 

S �9 lOS sec'i 

according 

3,18 
2,07 
2,07 
2,2 

2,63 0,0709 
0,803 0,106 
1,04 0,0875 
0,855 0,0775 

cell:tests 

12,0 [4] 
5,05 [3] 
5,4 [5] 
5,8 [6] 

f 

o so 

Fig. 3. Ratio AO//T (see -1) 
as a function of (~- (secl/2), 
for  mixtures  No. 1, 2, 3, 
4 (see Table 2). 

The test  procedure  was as follows. A sample 0.6 em 3 large was 
taken f rom the lower end of the column after  a t ime T 1, whereupon the 
test  was interrupted and the column was refi l led with the same mixture 
for  parti t ion by the descr ibed method and, af ter  a time T 2 ~ ~1 another 
sample was taken for analysis.  

This procedure  was repeated four to five t imes,  in o rder  to obtain 
a sufficient number  of points for the l inear  relation (12). The reason be-  
hind this test  procedure  was to avoid distort ing the concentrat ion profi le 
along the column height, which would happen if several  samples were 
taken during a short  (not longer than two hours) test ing t ime. 

The samples  were then analyzed on a model ITR-1 in ter ferometer .  
A cal ibrat ion curve had been plotted f i r s t  for  each mixture.  The r e f r a c -  
tive index was measured  with an accuracy  of 6" 10 -6, corresponding to a 
0.01% average change in the concentrat ion of a test  mixture.  

The resul ts  of these tes ts  are  shown in Fig. 3. According to the 
diagram, the cor re la t ion  between all tes t  points and the s traight  lines 
is sa t i s fac tory  and the validity of Eq. (12) is thus confirmed. In Table 
3 are  shown the values of pa r ame te r s  n and h, calculated f rom the slope 

angles (with the axis of absc issas)  and the intercepts  (on the axis of ordinates),  along with the values of the 
Soret coefficient based either on the f i rs t  formula  in (15) or  on the Ruppel--Coull formula  [11] for the ini-  
t im segment  of the kinetic curve:  

A c = 2 c  0 [ /  ~ ,  (20) 

under conditions of sampling f rom one end of a column closed at both ends. Formula  (20) had been derived 
by solving Eq. (1) under the condition of zero  fluxes at both ends of the column, i . e . ,  under conditions not 
cor responding  to the true physical  pattern, as was mentioned at the beginning of this ar t icle .  Table 3 in- 
dicates that the values of s calculated according to formula  (20) are  more  than twice as high as those based 
on the method we propose here.  In the last  column of Table 3 are  given values obtained for the same mix-  
tu res  by other  authors  in cell tests .  

Evidently, the values obtained by cell  tes ts  are  somewhat higher than those obtained here.  This d is -  
c repancy should be attr ibuted to the geometr ica l  imperfect ion of our column, namely by the ra ther  large 
eccentr ic i ty  between inner and outer  cylinder,  which has been discussed ear l ie r .  

It has been noted in [9] that the values of the Soret coefficient according to test  data a l ready available 
are  much lower than those predicted by theory.  This and the resul ts  in [1] based on the evaluation of data 
in [10] are  evidence in favor  of continuing fur ther  r e sea rch  in columns of a more  near ly  perfect  geometry ,  
where paras i t ic  convection can be minimized and the final values of the Soret coefficient are  more  r e -  
liable. 

Never theless ,  the data shown here  indicate a l ready that a careful ly  assembled  thermodiffusion column 
may serve  as an excellent ins t rument  for  determinat ions of the Soret coefficient. 

In conclusion, we must  say something about the quantity co represent ing the rat io of the volume of an 
end region, where the convective s t r eam r e v e r s e s  in a column, to the total volume of the column. With the 
physical  proper t ies  of the part i t ioned mixture known, this quantity has been calculated here  according to 
formulas  (15) and its values are  l is ted in Table 3. It is noteworthy that this quantity fluctuates within 
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nar row l imits  for  th ree  out of four tes t  mixtures ,  suggesting that it cha rac t e r i ze s  the column design r a the r  
than the mixture  composition. This hypothesis  requ i res  fu r the r  test ing for  confirmation and, if proved c o r -  
rect ,  will r ender  formulas  (15) suitable for  determining both the Soret  coefficient  and the diffusivity at the 
same t ime. 

c 
0LH~/mK; 
H= sgp~6 ~(AT) 2B/6f~; 

K=g203~26~(AT)2B/9!~I2D: 

T 

P 

6 
AT = TI--T2; 
~? = 1/2(T 1 + T2); 
TI 
T2 
B 

D 
y = Hz/K; 
z 
Ye = HL/~;  
L 
w = M/mI~ 
M 
E 
s 

N O T A T I O N  

is the concentration; 

is the time; 
is the density; 
is the volume expansivity; 
is the gap width; 

is the 
is the 
is the 
is the 
is the 

is the 

t empera tu re  of the hot surface; 
t empera tu re  of the cold surface;  
gap pe r ime te r ;  
dynamic viscosity;  
diffusivity; 

ver t ica l  coordinate;  

is the active column height; 

is the mass  of the mixture  to be part i t ioned ~nd filling the volume of the end regions; 
is the eccentr ic i ty ;  
is the Soret  coefficient.  

S u b s c r i p t s  

e r e f e r s  to the positive end of a column; 
i r e f e r s  to the negative end of a column; 
0 r e f e r s  to the initial condition. 
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