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On the basis of the theory of packed thermodiffusion columns,  the reduced value of the the rmo-  
dynamic constants of chlorine isotopes in carbon te t rachlor ide  are  determined experimental ly  
by a nonsteady method. 

Liquid thermodiffusion was f i r s t  used as a technological i so tope-separa t ion  p rocess  for the enr ichment  
of uranium 235 isotopes [1]. In teres t  in this method of separat ion then declined but was revived by the publica- 
tion of a se r i e s  of papers  [2-5], in which thermodfffusion constants were determined in liquid isotopic mix-  
tures  of chlorine and bromine and, on this basis ,  the technical  expediency of the use of thermodiffusion in the 
liquid phase was established. Note that,  in real iz ing this p r o c e s s ,  great  importance attaches to the choice of 
the mater ia l  containing the required isotope. In the exper iments  of [3], for  example,  ~ = 0.04 for bromine iso-  
topes in phenyl bromide,  ~ = 0.02 in ethyl bromide [6], and ~ = 0.038 in butyl bromide [7]. There fo re ,  in con-  
s ider ing the technical  real izat ion of the thermodiffusion separat ion of chlorine isotopes in the liquid phase,  it 
is important  to choose the chlorine compound that has the la rges t  thermodiffusion constant and is charac te r i zed  
by thermal  stability and adequate chemical  iner tness .  For  chlorine isotopes in t r ichloroethylene [2], ~ = 0.1, 
and in propyl chloride [6], ~ = 0.030 (for exper iments  with a column operat ing in conditions of continuous 
sampling) and ~ = 0.021 (without sampling). Such a large d iscrepancy between the resul ts  for different condi- 
tions of column operation may be due to paras i t i c  convection ar is ing as a resul t  of t empera ture  and concent ra -  
tion a s ymmet r i e s  [8, 9], since in [6] the means of ensuring uniformity of the gap through the insert ion of wires  
did not eliminate the possibi l i ty of eccent r ic i ty  between the axes of the two cylinders.  In [8] it was shown that 
the sensit ivity of thermodiffusion separat ion to paras i t i c  convection increases  with increase  in the thermodfffu-- 
sion constant and hence must  be at  its grea tes t  in isotopic mixtures.  Therefore ,  a column with an empty gap 
cannot be regarded  as the best  design for  the determinat ion of the thermodiffusion constant. A column with 
packing is more  suitable,  enabling the effect  of pars i t i c  convection to be reduced by at least  an o rder  of magni-  
tude [10]. This type of column was f i r s t  used in [3], in determining ~ for bromine isotopes in phenyl bromide.  
Unfortunately, no details of the calculation procedure  adopted in [3] were given. 

On the basis of the above considerat ions ,  the present  exper iments  for the determinat ion of the t he rmo-  
diffusion constant were ca r r i ed  out using a cyl indrical  column of the type descr ibed in [11], the inner cylinder 
of which was heated by vapor and the outer by running water.  The internal d iameter  of the outer cylinder was 
30.020 �9 0 .005mmand the  outer d iameter  of the inner cylinder was 26.970 �9 0.005 mm. Thus, the working gap 
was 5 = 1.52 • 0.01 mm. The gap was filled with small  f ract ions of glass balls (diameter d = 100-130 ~). The 
filling height,  corresponding to the working height,  was L = 35.0 cm. 

F r o m  the theory of packed columns [10, 12], it is known that in a column of this type the time to reach 
equil ibrium is ve ry  large ,  and hence it is expedient to c a r r y  out the experimental  determinat ion of the t he rmo-  
diffusion constant during the t rans ient  p rocesses .  

The mater ia l  chosen for  investigation was carbon te t rachlor ide  or  analytical grade,  subjected to addi- 
tional rect i f icat ional  purification. Within the l imits  of sensi t ivi ty of the LKhM-7a chromatograph used to 
check the purity of the s tar t ing mate r ia l ,  no impuri t ies  could be detected,  which means that they are  presen t  
in amounts of not more  than 10-~ .  

Carbon te t rachlor ide  is chemically iner t  and may therefore  be suitable as a s tar t ing mater ia l  for the ex-  
t ract ion of chlorine isotopes. Its distinguishing feature is that it is a mult icomponent isotopic mixture formed 
by ten masses 12C35C13m7C14_ m and ~ ~m,~,4_m, where m 0 .4 .  Neglecting the components with 13C because 
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of the i r  low concent ra t ions  (a l together  not m o r e  than 1.1%), carbon t e t rach lo r ide  may  be r ega rded  as a f ive -  
component  mix tu re .  I t  is n e c e s s a r y  to a s k  whether  the asympto t i c  solution der ived  for  a .b inary  mix tu re  in [13] 
m a y  be used  in this case .  An in te res t ing  poss ib i l i ty  is of fered  by the approximat ion  of [14], in which the t r a n s -  
f e r  equation for  a mul t i component  s y s t e m  

k 

J~ = Hoc~ ~ muc j - -K  c9c~ 
Oz 

1=1 

is  s impl i f ied  by the introduct ion of the approx ima te  solution 

k k 

~ rn,ic ] ~., ~ mijCjo . (1) 
i=1 i = t  

where  the re la t ive  m a s s  d i f fe rence  mij  = (M i - Mj)/(M i + Mj), and cj0 is the init ial  concentra t ion of the j - t h  
component  of the mix tu re .  Using this approx imat ion ,  the t r ans i en t  p r o c e s s e s  in a mul t icomponent  s y s t e m  may  

k 

be desc r ibed  us ing  the e x p r e s s i o n  in [13], r ep lac ing  the Sore t  coeff icient  by ~0 ~ mi jc j0 /T  and set t ing b = 1. 
j = l  

Here  ~0 is the reduced  value of the thermodif fus ion  coeff ic ient ,  r e l a t ed  to that  for  each  pa i r  of i so topes  by the 
e x p r e s s i o n  

M~--Mj 
M~ + M~ (2) O~ij ~ O~ 0 

The solution given in [13] m a y  be wr i t t en  in the f o r m  

whe re  

f (x, k) = 2k { ( - -  x +  x + -  
2 k +  1 

and 

aci = cid (x, k), (3) 

[oxo(  )or, C ]} 2k2k + 1 ) err ] / ' k u  ~ f - -~k  exp (--  kx) + 2k + 1 k \ k , l 

H HM 
x = - - t ,  k =  

2M 2mK 

Compute r  ana lys i s  of expe r imen ta l  data by the l e a s t - s q u a r e s  method,  us ing Eqs.  (3) and (4) leads to 
va lues  of the two p a r a m e t e r s  h =H/M and n =HM/mK,  and hence the following formula  is obtained for  the r e -  
duced value of the thermodif fus ion constant:  

87" V z 6ehn 
k 5Deft " 

AT X muCjo 
/'=1 

(5) 

For  the e x p e r i m e n t a l  f rac t ion  of g lass  ba l l s ,  Deff/D is [10] 0.167 • 0.018 when the poros i ty  e = 0.39. 

In the e x p e r i m e n t s  us ing the packed column,  one end of which was  connected to a the rmosyphon  with a 
l a r g e - v o l u m e  r e s e r v o i r  (90 cm 3) , the t e m p e r a t u r e  at the hot and cold su r f aces  was m e a s u r e d  by ca l ib ra ted  
c o p p e r - C o n s t a n t a n  the rmocoup les :  T 1 = 367~ T 2 =286~ hence AT = 81~ By means  of the r e s e r v o i r ,  an 
e x c e s s  p r e s s u r e  of 4 a tm  was main ta ined  in the working gap, in view of the low boiling point  of carbon t e t r a -  
ch lo r ide .  Samples  fo r  ana lys i s  we re  r em oved  through a lower  sampl ing  vent.  The isotopic  composi t ion of the 

12 35 + 12 35 37 + s a m p l e s  was de t e rmined  on a MKh-1303 m a s s  s p e c t r o m e t e r  f r o m  the f r agmen t  p e a k s  C CI 3 and C C12 CI . 
Since the d is t r ibut ion of chlorine a toms  in the carbon te t rach lor ide  molecule  conforms  to a binomial  probabi l i ty  
law, it  is poss ib le  f r o m  these  peaks  to find the content of one of the i so topes  in the sample .  If the ~5C1 content 
is  a ,  the f rac t ion  of 12C35C1~ enter ing the ion co l lec tor  is a 3 and the f rac t ion  of 12C35C1~7C1 + ions is 3a2(1 - a). 
This ,  if the m e a s u r e d  ra t io  is p 

a 3 

P -  3a2(1--a) 3 ( 1 - - a ) '  (6) 

12 35 37 f r o m  which a may  be de t e rmined ,  and hence the f rac t ion  of each kind of molecule  C CI CI 4 in the carbon 
�9 �9 �9 04 12 35 4a 3 1 a fo~ 1~1~5 137 t e t rach lo r ide  may  be calculated.  The appropr i a t e  f r a c t m n  zs for  C C14, ( - ) C C 3 C1, 
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TABLE i. Change over Time in Concentration (%) of 
3SCI and Relative Concentrations of 12C35CI~CIm-4 

t,h 

0 
29 
35 
65 
70 

I00 
107 
140 

75,56 
75,20 
75,17 
74,90 
74,90 
74, Y2 
74,66 
74,53 

152 

0 
1,89 
2,05 
3,45 
3,45 
4,37 
4,68 
5,35 

156 

0 
! ,99 
2,17 
3,64 
3,64 
4,63 
4,96 
5,67 

M a s s  

158 

0 
3,97 
4,32 
7,37 
6,37 
9,44 

lO,13 
1 t ,62 

160 

0 
6,03 
6,53 

11,24 
11,24 
14,46 
15,53 
17,91 

T A B L E  2. R e s u l t s  f o r  R e d u c e d  Value  of  T h e r m o -  
d y n a m i c  C o n s t a n t  

Mass ~o 
i=1 ]=1 

152 " ] --0.66 --0,64 I 3,1 
154 i --0,01 ~0,013 I 
I56 0,64 0,66 I 3,25 
158 1,27 1,30 I 3,4 
160 1,90 1,92 J 3,6 

a0_m 

3.4• 

6a2(1 - a) 2 f o r  i2C35C137C12, and so  on. T a b l e  1 g i v e s  the  35CI c o n c e n t r a t i o n  a and the c o r r e s p o n d i n g  v a r i a t i o n  
of  e a c h  c o m p o n e n t  c o n c e n t r a t i o n  wi th  r e s p e c t  to  i t s  i n i t i a l  v a l u e  a t  v a r i o u s  t i m e s ;  the  i n t e r m e d i a t e  m a s s  154 i s  
e x c l u d e d  f r o m  c o n s i d e r a t i o n  s i n c e  in th i s  c a s e  Eq. (1) i s  not  s a t i s f i e d  (Tab le  2). T h e s e  r e s u l t s  w e r e  u s e d  to 
f ind  the p a r a m e t e r s  L and n. The  va lue  of  the  s e l f - d i f f u s i o n  c o e f f i c i e n t  r e q u i r e d  in Eq.  (5) i s  D = 2.05 "10 -9 
m 2. s e c  -1 a t T  =326~ [15]. The  r e s u l t s  of  the  c a l c u l a t i o n  a r e  shown in T a b l e  2,  f r o m  w h i c h  i t  i s  e v i d e n t  t ha t  
the  d i f f e r e n c e  be tween  the v a l u e s  of  s 0 fo r  the  v a r i o u s  m a s s e s  f a l l s  w i th in  the  l i m i t s  of e x p e r i m e n t a l  e r r o r  
and  a m e a n  v a l u e  of a 0 = 3.4 • 0.7 m a y  be t aken .  P a r t i c u l a r l y  n o t e w o r t h y  i s  the  good a g r e e m e n t  be tween  c o l -  
u m n s  2 and 3 of T a b l e  2,  w h i c h  i n d i c a t e s  the  u s e  of  the a p p r o x i m a t i o n  in Eq.  (1). 

U s i n g  th i s  va lue  of ~ and Eq.  (2) i t  i s  s i m p l e  to  d e t e r m i n e  a i j  and on t h i s  b a s i s  to c a r r y  out  the  c a l c u l a -  
t ion  fo r  the  s e p a r a t i n g  equ ipmen t .  

U n f o r t u n a t e l y ,  t h e r e  a r e  no d a t a  in the  l i t e r a t u r e  on the  r e d u c e d  t h e r m o d f f f u s i o n  c o n s t a n t  of c h l o r i n e  
i s o t o p e s  in c a r b o n  t e t r a c h l o r i d e s .  Of s o m e  i n t e r e s t  in t h i s  connec t ion  i s  the  e x p e r i m e n t  of  [16], in which  a 
s t r a i g h t - l i n e  d e p e n d e n c e  of  l n q i  j o n : A M i j w a s  ob t a ined  f o r  the  g iven  m i x t u r e ,  tn  the  e x p e r i m e n t ,  a s t e a d y -  
s t a t e  m e t h o d  w a s  u s e d  in an e m p t y - g a p  co lumn.  The  s l o p e  of  the  e x p e r i m e n t a l  s t r a i g h t  l ine  w a s  p r o p o r t i o n a l  
to  s 0. U s i n g  t h i s  d e p e n d e n c e  the  r e d u c e d  t h e r m o d i f f u s i o n  c o e f f i c i e n t  i s  found to be ~0 =2A.  A s  i s  e v i d e n t ,  
the  v a l u e  o b t a i n e d  in the  p a c k e d - c o l u m n  i s  l a r g e r ,  wh ich  c o n f i r m s  t ha t  p a r a s i t i c  c onve c t i on  i s  a b s e n t  f r o m  
such  a co lumn.  
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N O T A T I O N  

c o n c e n t r a t i o n  of i - t h  c o m p o n e n t ;  
r e d u c e d  va lue  of t h e r m o d i f f u s i o n  c o e f f i c i e n t ;  
f lux  of i - t h  c o m p o n e n t ;  
t i m e ;  
m o l e c u l a r  we igh t ;  
m e a n  t e m p e r a t u r e ;  
e f f e c t i v e  d i f fu s ion  c oe f f i c i e n t ;  
p o r o s i t y ;  
s e p a r a t i o n  c oe f f i c i e n t ;  
d e n s i t y ;  
v o l u m e - e x p a n s i o n  c oe f f i c i e n t ;  
gap wid th ;  
t e m p e r a t u r e  d i f f e r e n c e  be tw e e n  hot  and cold  s u r f a c e s ;  
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B 

Z 

H 0 = ~0kp2g~(AT)2B6/ 
12~?~'; K = g2k2p2fl2(AT)2. 

B~S/120~2Deff; 
k 

is the gap per imeter ;  
is the viscosity; 
is the ver t ical  coordinate; 

is the permeabili ty.  
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A method is proposed for the calculation of the angular coefficients f rom an analytic determina- 
tion of the region of visibility. 

The design of furnaces,  high-temperature chemical equipment, high-temperature energy-conversion 
apparatus, and cryogenic systems involves calculations of radiative heat t ransfer .  

Because of the complexity of radiative heat t ransfer  and the lack of accurate values of the emissive char-  
acter is t ics  of surfaces,  it is usual in calculations to consider models and shells with simple surface proper -  
tie s. 

In calculating the radiative heat t ransfer  between diffusely emitting and diffusely reflecting surfaces 
separated by a diathermal medium, it is necessary to determine the angular coefficients of the radiation, 
which determines the proportion of the energy t ransfer  transmitted from one surface to another. 

There are a considerable number of works in which the angular coefficients are calculated analytically 
for  various configurations ([1-4], etc.). The present  paper proposes an algorithm for the computer calcula- 
tion of radiative angular coefficients. 
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