
S O M E  C H A R A C T E R I S T I C S  O F  T H E  K I N E T I C S  O F  I O N  

E X C H A N G E  IN T H E  C A S E  O F  P U L S A T I N G  M O T I O N  

O F  A L I Q U I D  

G .  A .  A k s e l ' r u d  a n d  Y a .  M .  G u m n i t s k i i  UDC 532.72:532.51 

An approximate  mathemat ica l  model is d iscussed  for  the kinet ics  of exchange under  conditions 
of an intradiffusion p r o c e s s  in the case  of pulsat ing motion of a liquid. 

The kinet ics  of ion exchange between a layer  of exchanger  and a pulsat ing flow of liquid is cons idered  
in [1]. With a defined amplitude of the pulsat ion r a t e ,  an intradiffusion exchange cycle or ig ina tes .  An ap-  
p rox imate  mathemat ica l  model of the p r o c e s s  was developed for  conditions when c 1 = c i = const .  

Careful  analysis  of the resu l t s  of exper iments  in the region F >> 1 showed that despite  the p r e sen ce  
of an intradiffusion cycle (the veloci ty  of the p roce s s  was unchanged with inc rease  of ampli tude of the pu l sa -  
t ion ra te) ,  the kinet ics  a re  dependent on the supply of liquid moving along the exchanger .  Con t ra ry  to the 
t radi t ional  r ep resen ta t ion  of the intradiffusion cycle,  an inc rease  of the speed of movement  of the liquid 
inc reases  the ra te  of exchange.  

The proposed mathemat ica l  model explains this apparent  contradict ion.  Fo r  a s y s t e m  with spher ica l  
s y m m e t r y ,  the kinetic equation of ion exchange can be wr i t ten  as follows [2, 3]: 

= o *  2 
Ot k dr' + - -  " (1) r Or] 

We supplement  Eq. (1) with the initial and boundary conditions: 

c~ (r, O) = O; 

= o; (2) 
Or ] ,=o 

o (Vco) 
Ot = W (Ci - -  Cl)" 

The las t  balance equation de te rmines  the concentrat ion c I in the liquid a f te r  pass ing  through a "shor t "  
l aye r  of exchanger .  Liquid with this concentrat ion again is involved in exchange because  of the p re sence  of 
pulsa t ions .  The re fo re ,  at the boundar ies  of the pa r t i c l e s  of exchanger ,  the concentrat ion environment  is 
de te rmined  by the condition c 2 = c 1 and not by the condition c 2 = c i. 

The solution of s y s t e m  (1.) and (2) by the Laplace  t r a n s f o r m  methodleads  to the following resu l t s :  

ci = 1 -  ~ 2a 
c 7 m ~  a (a /3- -1)  + 3t~ 2 exp (--  ~t~,), (3) 

n = l  

ca Z 2a~ ~7 ---- 1 - -  1%2 [(z(a/3--1)+39n= ] " exp (--  ~t~,), (4) 
n = l  

where  t a n g  = ( - p ) / ( o ~ / 3 - 1 ) ;  c a = Fe2; c a = r % ;  
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Fig .  1. Dependence of Pi and A l on the d imens ion less  complex ~ .  

Fig~ 2. Function ( 1 - ( ~ a / C p ) ) =  f(t) in semi loga r i thmic  coordinates  when 
w = 0.5 cmS/sec  (t, min).  

0,2 o - -  b 
4. - - C  

o,1 

o ~o5 o,/o o/5 x 

Fig.  3. C o m p a r i s o n  of theore t ica l  
(solid l ines) and exper imen ta l  data:  
1) cq = 4.5; 2) ~2 = 5.1; 3) c~ s = 6.0; 

I/ wr 2 . D*t 
I c e = F c i ;  C r  ~=--r~  " 

When w ~ ~ the l a t t e r  equation reduces  to the wel l -known equa-  
tion 

Ca Z 6 

t$~l 

(5) 

~ n  ~ g n .  

Figure  1 shows the re la t ion  between the f i r s t  root  of the c h a r -  
ac t e r i s t i c  equation for  Pl and the quantity A1, which was d e t e r -  
mined by the formula :  

a) w i = 0.25; b) w 2 = 0.5; c) w s = 1.0 2~ ~ 
c rab / see ,  A~ = ~[= (a/3--1) + 3~J " (6) 

We compare  the r e su l t s  obtained with the exper imen ta l  data on the kinet ics  of ion exchange on c a -  
t ionite KU-2 in H - f o r m  by its in teract ion with the pulsat ing liquid (solution of Hg(NO3) 2 with an initial con-  
centra t ion of 0.000189 g - e q / l i t e r ) .  The scheme  of the exper imenta l  equipment and the exper imen ta l  p r o -  
cedure  a r e  descr ibed  in [1]. 

The applicat ion of Eq. (5) for  explaining the exper imenta l  data on ion exchange encountered specif ic  
diff icul t ies .  According to these equations,  in the region of the no rma l  cycle  when t > t i (see F ig .2) ,  the 
k inet ics  of exchange in s emi loga r i thmic  coordinates  should be descr ibed  by a s t ra igh t  line [4]. This  line 
makes  an in tercept  on the axis of ordinate  when A 1 = 0.606. Its slope should be independent of the supply 
of liquid and is de te rmined  for  all flows by one and the s a m e  diffusion coeff icient .  The exper imenta l  data 
show that the no rma l  cycle  actual ly  is evolved, however  A t is g r e a t e r  than the value 0.606 and f requent ly  
approaches  unity,  but the magnitude of the slope depends on the flow of liquid. 

By means  of Eq. (4) we can eas i ly  explain the specia l  f ea tu res  of exchange kinet ics .  Actually,  a cco rd -  
ing to Eq. (4) the quantity A 1 (Eq. (6)) v a r i e s  within the l imi t s  A 1 = 0.606 when ~ -*~ ;  A 1 = 0.98 when (x = 3. 
With inc rease  of o~ the slope of the s t ra igh t  line of the no rma l  cycle is also inc reased .  The diffusion coef -  
f icient ,  de te rmined  in this way, p roves  to be approx imate ly  identical and equal to 0 .9 .10  -~ cmZ/sec .  

F igure  3 shows the curves  of the absorpt ion kinet ics  of m e r c u r y  ions by an exchanger  for  different 
liquid flows (0.25; 0.5 and 1.0 cm'~/sec).  The cor responding  values  of the p a r a m e t e r  ~ ,  found by exp e r i -  
menta l ly  de te rmined  values  of A t (see Fig.  1), a re  a i  = 4.5; c~2 -- 5.1 and c~ 3 = 6.0. 

Thus,  a m o r e  accura t e  theore t ica l  explanation is found for  the exper imenta l  re la t ions  of ion exchange.  
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N O T A T I O N  

initial concentration of solution; 
concentration of solution beyond the bounds of the particles of exchanger; 
concentration of substance in solution in the pores of the exchanger at distance r; 
average concentration of substance in solution in the pores of the exchanger; 
internal diffusion coefficient; 
average slope of equilibrium isotherm over a given range of concentration; 
radius of granule of exchanger; 

is the flow rate of liquid; 
is the volume of pores inside exchanger; 
are  the roots of characterist ic equation; 
is the time. 

1~ 
2.  

3~ 
4. 
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