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Using a nonstat ionary method values of the thermal  diffusion constant in butyl, amyl,  and 
heptyl bromide are  determined.  

Available l i terature  offers  very  few studies concerned with experimental  determinat ion of the thermal  
diffusion constant  in liquid isotopic mixtures  [1-4]. Meanwhile, collection of data in this region is of great  
interest ,  since such data would provide excellent mater ia l  for verif icat ion of theories  concerned with t r ans -  
fer  phenomena in liquids, as well as acting as cr i ter ia  for determining the possibil i ty of using thermal  dif-  
fusion to separate  isotopes in the liquid phase.  

The limited amount of experimental  mater ia l  available in the l i tera ture  may be explained by the ab-  
sence of a rel iable method for determination of the thermal-diffusion constant  in thermal-diffusion columns, 
which in the present  case are  the only devices suitable for such exper iments .  

The ar t ic le  [5] proposes  a new method of calculating thermal-dif fusion constants,  which we have e m -  
ployed to determine values for a se r ies  of brominated hydrocarbons .  

The mate r i a l s  studied were "pure" grade tubyl, amyl,  and heptyl b romides ,  all of which underwent 
additional purif icat ion.  Since the l i terature  offers no data on the tempera ture  dependence of density and 
viscosi ty  for these compounds, corresponding measurements  were performed by standard methods direct ly  
in the labora tory .  Resul ts  are  offered in Table 1. 

E XPERIME NTA L 

The exper iments  were performed with a plane column of the type employed by the authors of [6, 7], 
with the following changes:  spaces in the upper and lower portions of the column were eliminated; b) an 
input lead was installed in the center  of one of the plates, connecting with an external  supply r e s e r v o i r  to 
compensate for loss of mixture after  removal  of samples for analysis ;  c) heating was accomplished by a 

TABLE 1. Density and Coefficient of Dynamic Viscosi ty  in Butyl, 
Amyl, and Heptyl Bromide Versus  Temperature* 

Butyl bromide Amyl bromide [ Heptyl bromide 
1 

r. "c p.10.~,kg/m ~ n.t0:~asec/m z o.10.,J~g/m 3 n.10, nsec/m 2 

15 
20 
30 
40 
50 
50,1 
60 
65 
81.4 
93 

p.10-s &g/m 3 ~.10,~sec/m 

1,276 0,638 
1,261 0,572 
1,247 0,519 
1,233 0,472 

1,218 0,433 

1,223 
1,217 
1,205 
1,192 

1,180 
1,166 
1,160 

0,854 1,146 
0,803 1,140 
0,713 1,130 
0,638 1,119 

1,109 
0,575 
0,524 1,099 
0,500 

1,088 
t,065 

1,400 
1,293 
1,113 
0,970 
0,856 

0,765 

0,609 
0,548 

*These data like those of [10]. are presented in the report of the Institute of Heat and Mass 
Transfer, Academy of Sciences of the Belorussian SSR, for 1969. 
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Fig.  1 F ig .  2 

Fig .  1. Changes in concentrat ion of Br  79 and Br  81 at  bot tom and top of column 
ve r s us  t ime for:  1) butyl b romide ;  2) amyl  bromide ;  3) heptyl  b r o m i d e .  ~,h.  

F ig .  2. Ac/T (sec -1) ve r s u s  4"~ (secl/2) for:  1) butyl b romide ;  2) amyl  b romide ;  
3) heptyl b romide .  

t he rmos t a t  r a t h e r  than an e lec t r i ca l  heating e lement .  The column consis ted of four p la tes  230 x14 x l 0  m m ,  
joined together  with bo l t s .  Between the two in te r ior  p la tes  is mounted an annealed copper  r ec tangu la r  
f r a m e  163 x80 ram,  which f o r m s  the working volume of the column.  After  polishing, the working su r faces  
of the p la tes  were  nLckel-plated chemica l ly .  

The requi red  working gap between pla tes  was obtained by instal l ing ha rdened - s t ee l  p rec i s ion  washe r s  
between the mounting bol t s .  

The gap width was measu red  in the following manner ;  16 p ieces  of lead 1 x l  x 0.5 m m  were  placed in 
the working volume and the column was a s sembled ,  paying special  at tention to applying equal tension to all  
bolts ;  the column was t h e n t a k e n a p a r t  and the thickness  of each lead space r  m e a s u r e d .  After  mult iple r e -  
pet i t ion of this p r o c e s s ,  the mean deviation f rom the nominal  gap th ickness  was de te rmined .  Since all 
m e a s u r e m e n t s  were  of equal accuracy ,  the mean a r i thmet i c  value 5 =0.250 :e0.005 m m  was taken as  the 
m o s t  probable  value of the quantity m e a s u r e d .  Thus,  the working volume of the column compr i sed  3 .3  
c m  3 o 

T e m p e r a t u r e  men s u r e m e a t s  at each of the column working surface  s were  made by copper - -  C onsta n-  
tan thermocouples  (16 on each plate) with an accu racy  of ~0.2~ The hot and cold sources  were  applied 
as  in Alexander ' s  column [3] in the space between in ter ior  and ex te r io r  column wal l s .  Heat ing was a c -  
complished by t he rmos t a t  and cooling by tap wa te r .  

The column was filled with the isotopic mix tu re  through a lower valve f rom a polyethylene tube.  F i l -  
ling was pe r fo rmed  slowly enough to avoid format ion  of c a v i t i e s .  After  liquid a p p e a r s  a t  the two or i f ices  
at  the top of the column the lower valve is closed,  hot water  is introduced f r o m  a preheated  t h e r m o s t a t  
and cold water  f rom the water  supply l ine.  After a 5-rain per iod,  which is needed to es tab l i sh  a stable 
t e m p e r a t u r e  field, the upper  or i f ices  a re  he rme t i ca l ly  sea led .  Expe r imen ta l  t ime m e a s u r e m e n t  c o m m e n c -  
es f r o m  this moment .  To ensure  re l iab le  r e s u l t s  with each substance three  expe r imen t s  were  p e r f o r m e d  
under identical  condit ions.  Rep lacement  of the par t i a l ly  separa ted  mix ture  by f resh  mix ture  was pe r fo rmed  
by d i sp lacement  through the upper  valve,  i . e . ,  t he  same p r o c e s s  used in fil l ing was repea ted ,  but with 
passage  of a liquid volume five t imes  as g r ea t  as that of the column.  

When changing to a new substance the column contents were  comple te ly  emptied,  the working volume 
was washed with ethyl ether~ which is a good solvent for  the subs tances  s~d i ed ,  and the column was sub-  
jected to a vacuum with gentle-heat ing.  By using this method Lt was possible  to p e r f o r m  all n e c e s s a r y  ex -  
pe r imen t s  with one a s s e m b l y  of the column, which guaranteed both reproducibi l i ty  and comparab i l i ty  of the 
r e su l t s  obtained. 

To const ruct  the separa t ion,  kinetic curve s amples  were  taken f rom the top and bot tom of the column 
at in terva ls  of seve ra l  hours .  The volume of each Sample did not exceed 0.015 cm 3. The total volume of 
all  s amples  taken over  the ent i re  expe r imen t  was about 5% of the column volume,  which should theore t ica l ly  
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TABLE 2. Experimental  and Theoretica[ Data for De te rmina-  
tion of Thermal-Diffusion Constant in Brominated Hydrocarbons  

Theoretical and experimental Butyl Amyl Heptyl 
values bromide bromide bromide 

D. 10', m2/sec_ 
t 1. l0 s, nsecAn z 
p. lO-S kg/m 3 
13.10', deg-1 
T1, "K 
Ta, ~ 
Gr 8 
riD. 10-1~ m 4 deg/sec z 
0~ 

h. 10t sec-I from Fig. 2 
n.10tsec-a/z from Fig. 2 

from Ect. (~) 
from gq. (1) 

2,42 
0,505 
1,243 
1,12 

330 
3O2 

2900 
8,73 

2,2 
8,42 
0,272 
0,038 

1,89 
0,619 
1,189 
1,00 

330 
302 

1580 

9,80 

1,6 
5,94 
0,246 
0,033 

1,16 
0,936 
t,116 
0,90 

330 
302 
880 
10,7~ 

1,1 
3.66 
0,196 
0,031 

reduce the amount of separatio~a. However,  control experiments  in which f i r s t  and second samples  taken 
after  equal t ime intervals were analyzed revealed that the experimental  points I[e o:~ a single kinetic curve,  
and the deviation between them thus lies within the limits of m e a s u r e m e n t e r r o r .  

The isotopic composition of the samples was determined with an MKh-1303 mass  spec t romete r  using 
the standard method for analysis  of liquid specimens .  The analysis  determined the rat io Br 79/Br 8~ f rom 
the most  intense C3HTBr peak. This r a t iowas  determined with an a c c u r a c y  not less than 0.2%. 

R E S U L T S  AND D I S C U S S I O N  

Figure 1 shows the kinetic curves  of the separation p rocess  which serve as the basis  fo r  subsequent 
process ing  of the experimental  data. 

Since the natural concentrat ions of the two bromine isotopes are  a lmost  equal, the followi~g formulas  
presented in [5] are  completely applicable: 

h~-T 5 o~ l " l -F= 7.7 . lO-'--gp~63ATh ( 1! 
cz V-D = l:17 n A T  ' L~ln 

To determine the coefficients h and n the data of Fig.  I a re  presented in coordinates Ac/1---~r~-in 
Fig.  2, f rom which it is evident that the experimental  data fit s t ra ight  lines excellently.  

Table 2 gives the neces sa ry  data concerning experimental  conditions together with the other values 
needed for computation with Eq.  (1). 

Since there is no available data on the self-diffusion coefficient for the mixtures  studied here ,  it was 
calculated with a modified Einstein formula,  

1 

K (2) 
which had been verified exper imental ly  in [8]. Examination of data f rom that study permi ts  the conclusion 
that for compounds containing hydrocarbon chains, devint ionsfrom Eq.  (2) will be within the l imits  of • 
Values for  density, dynamic viscosi ty ,  and coefficient of volume expansion were obtained by Interpolation 
f rom Table 1. 

The values of thermal-diffusion constant determined do show a tendency to decrease  with decrease  
in relat ive mass  difference,  but a di rect  proport ional i ty  between their values was not establ ished.  This 
may be explained part ial ly by the presence  within the column of paras i t ic  convection, which, in turn,  
might be caused by tempera ture  nonuniformity on the two plate surfaces  [9] produced by the low intensity 
of heat exchange in circulation of the thermosta t  hot water .  Qualitatively, the effect of this factor  may be 
est imated with the second formula of Eq,  (1) by determining the value of the dimensionless volume ~ which, 
as was shown in [5], considers  not only the real  volumes occur r ing  in regions of convective flow rotation, 
but also some fictitious volume equivalent to the effect of paras i t ic  convection, i . e . ,  

r = ~% -5 o~ e. (3) 
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F r o m  Table 2 it is evident that  with change f rom butyl b romide  to heptyl b romide  the value of co de-  
c r e a s e s .  

This  dec rea se  m a y  be the r e s u l t  of dec r ea se  of both t e r m s  in Eq .  (3). The f ict i t ious volume wf r e -  
f lec ts  the influence of pa ras i t i c  convection, whose intensity,  as  was demons t ra ted  in [9], depends on the 
p a r a m e t e r  ~Ye, which under unchanged h e a t - t r a n s f e r  conditions, t e m p e r a t u r e  d i f ferences ,  and column 
dimensions ,  is d i rec t ly  propor t ional  to the quantity ~D/p/3 presented  in Table 2. With an inc rease  in the 
number  of carbon a toms  this  r a t io  shows some slight i nc rease ,  which is  equiva len t  to inc rease  in cof. On 
the other hand, as  was noted in [5], the value of Wr a lso  depends on the physical  p r o p e r t i e s  of the s e p a r a -  
ted mixture ,  which affect  the format ion  of convective flows in the column.  

The more  rapidly  the opposed convective cu r ren t s  move,  the more  they in te rac t  with each other,  
promot ing  the format ion  of closed circulat ion contours  over  the column height,  i . e . ,  inc reas ing  cof. 

I t  [s known that in natural  convection the c r i t e r ion  de termining  the flow hydrodynamics  is the Grashof  
(Gr) number .  As is evident f r o m  Table  2, this  number  d e c r e a s e s  with inc rease  in number  of carbon a toms  
in the substance as the ra t io  1 : 0.545 : 0.304, i.e.,, with growth in Gr one would expect m o r e  i n t e n s e i n t e r a c -  
t[on of both convective flows and inc rea se  in the number  of closed c i rcula t ion contours  within the column.  
Then, since the changes in Gr  a r e  quite significant,  the dec rease  in CCr with inc rease  in m a s s  should in all  
probabi l i ty  predominate  over  the inc rease  in cof, leading finally to a dec r ea se  in the sum of these t e r m s .  
Thus, the values of the thermal -d i f fus ion  constant  obtained here in  should be regarded  as  min ima l .  

N O T A T I O N  

~ ,  thermal -d i f fus ion  constant;  h, segment  cut at  ordinate axis  (Fig. 2); n, tangent of slope of s t ra ight  
line in Fig,  2; ~" = 1 / 2  (T 1 +T2), T1, T2, t e m p e r a t u r e s  of hot and cold column su r faces ;  AT = T I - T 2 ;  6, gap; 
D, self-diffusion coefficient;  co = M / m L ;  M, m a s s  occupied by mixing fluids within column; m = pB~; B, 
column working p a r a m e t e r s ;  L, column working length; p, densi ty;  ,~, dynamic v iscos i ty ;  f l = - ( l / p )  �9 (Op/  
gD; ~-, t ime;  Ae, concentra t ion dif ference between column top and bot tom;  No, Avogadro ' s  number ;  VM, 
m o l a r  volume.  
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