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The kinetics of K N O  3 sorption by crown-containing polymer 
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The kinetics of sorption of KNO 3 from aqueous solutions by a granulated polymer 
containing fragments of dibenzo-18-crown-6 was studied. Internal diffusion of the electro- 
lyte in the polymer was shown to be a rate-limiting step of sorption of KNO 3. The effective 
coefficient of diffusion of the electrolyte in the polymer was calculated. 
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T h e  ionic conductivity of the crown-containing gel 
polymers has been detected previously, l The thermody- 
namics of KNO 3 sorption from aqueous solutions by a 
granulated sorbent based on dibenzo-18-crown-6 (CE) 
has also been studied, z The electrolyte transfer from a 
solution to the polymeric phase was shown z to be de- 
scribed by the reaction 

K + + N O  3 - + C E  --- [ K C E ] * +  NO 3- (1) 

(the bar denotes that the component belongs to the 
sorbent phase). In this ease the adsorption centers are 
ene~etical ly equivalent. 2 

In this work, the kinetics and mechanism of the 
process (I) have been considered. If the interaction with 
the solvent is not taken into account, then KNO 3 sorp- 
tion from aqueous solution (1) can be represented as two 
independent processes: diffusion of the ions into the 
sorbent phase 

K + + NO 3- " K§ + N'-O 3- (2) 

and formation of the complex in the polymeric phase 

K~- + CE = [KCE] § . (3) 

The system studied in this work is anisotropic; for 
this system the diffusion flows and the rates of the direct 
and reverse chemical reactions of complex formation 
can have the same tensor dimensionality. In this con- 
nection one can suggest that the rate of chemical reac- 
tion and the rate of diffusion transfer mutually affect 
each other. 

In the case of spherical symmetry, the slow diffusion 
accompanied by the chemical reaction is described 3 by a 
system of differential equations 

fOC Aa2C 2 0C ~ aS 
i 7 = 7 0 7  * -; 0-7)- 0-7" 

t - ~ =  ~ C - , S .  
(4) 

where C is the concentration of the diffusing component  
inside the grain; S is the concentration of immobilized 
component; D is the diffusion coefficient; t is time; and 
Z and g are the rate constants of the direct and reverse 
reactions, respectively. 

In our case the kinetics of complex formation in the 
sorbent (3) are described by the eqnation 

~ = Z' ~ "  ~-~CE -- .~KCE- (5) 
at 

Since the kinetic measurements were carried out at low 
concentrations of the electrolyte in the sorbent (race = 
const), the reaction of complex formation (3) can be 
pseudozero order with respect to the crown ether and 
first order with respect to free cations. Hence, the 
equation for the rate of the complex formation can be 
written as 

a ~ c ~  = x~K. _ pmKcE, (6) 
8t 

where k = k ' .  const. 
Equation (6) corresponds exactly to the second equa- 

tion of system (4). 

Experimental 

The granulated cross-linked polymer synthesized according 
to the procedure described previously 4 by the polycondensation 
of the macrocyclic polyester of the dibenzo-18-crown-6 with 
formaldehyde in an emulsion medium in the presence of a strong 
electrol~e was used as sorbent. The sorbent containing carbon 
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Fig. 1. The integral curve of the size distribution of spherical 
sorbent granules; N is the number of spherical particles of the 
sorbent with radius larger than r. 

(69.2%), hydrogen (6.8%). and crown ether (2.4 tool kg -l)  was 
obtained as spherical granules with controlled size. The integral 
curve of the size distribution of spherical sorbent granules in the 
polymeric sample prepared for investigation is shown in Fig. i. 
The average diameter of the particles of the sorbent sample 
studied was calculated as the arithmetic mean of the sizes of 
1000 spheres and was equal to 0.142 mm. 

The kinetics of KNO 3 sorption were studied by the thin 
layer method 5 for the sorption from infinite volumes of KNO 3 
solutions with concentrations of 0.i mol L -I and 0.05 tool L -I 
at 298.15 K The degree of conversion (F) was calculated by 
the formula 

F = gig, (7) 

where gr is the amount of KNO? sorbed by the time t; g is the 
equilibrium capacity of zhe sorbent layer for the sorption of 
KNO 3 from solution. 

The kinetic dependences of the overall process (1) of 
KNO 3 sorption from aqueous solutions by the sorbent based 
on the dibenzo-18-crown-6 at various concentrations of the 
solutions are shown in Fig. 2. 

R e s u l t s  a n d  D i s c u s s i o n  

The dependence  shown in Fig. 2 is described by a 
l inear equa t ion  

F = (0.2+1.9)- 10 -2 + [(20.0+1.0). 10-tlt  ~ (8) 

The  conf idence  intervals in Eq. (8) were  calculated with 
a conf idence  probabil i ty o f  0.95, and the  corre la t ion 
coeff icient  is equal  to 0 . 9 9 : T h e  fact that  funct ion F 
linearly depends  on t ~ and passes through the origin in 
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Fig. 2. The dependence of the degree of conversion (F) on 
time (t) for the sorption of the electrolyte by the granulated 
crown-containing sorbent from aqueous KNO 3 solutions with 
concentrations of 0.1 (1) and 0.05 tool L -I (2). 

accordance with the known criteria 6 indicates that K N O  3 
sorption from aqueous solutions by a c rown-con ta in ing  
sorbent is control led by the  diffusion of  the  electrolyte 
in the pob 'mer  ("gel"). 

The  coefficient  of  K N O  3 diffusion was de termined  
by solving the equat ion 7 for the intradiffusion ("gel") 
kinetics by the i teration m e t h o d  using the array of  data 
shown in Fig. 2: 

6 ~ 1 d Dn2=2r'i F = t - --r ~---~ex - ~ (9) 
,~- n~ i t '/- ~ T 2 ) '  

where D is the diffusion coeff icient  o f  the electrolyte,  
cm 2 s - l ;  r is the radius of  the sorbent grain,  cm;  and t is 
t ime, s. 

The  diffusion coeff icient  D calculated using Eq. (9) 
is equal to 2.25" 10 -9 cm 2 s -}. 

The  solution of  Eqs. (4) by the Laplace transform 
method  3 has been reported previously. $ For  an infinite 
vo lume of  the system, the dependence  of  the  degree of  
conversion on t ime in the course of  slow diffusion 
accompanied  by a chemical  reaction is described by an 
equat ion that formally coincides  with Eq. (9). However ,  
the point  is that in this case the D value calcula ted using 
Eq. (9) is the effective diffusion coeff icient  related to the 
true diffusion coefficient by the relat ionship 

D,~rue 
G.r - R §  1 ' (tO) 
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where R is the dimensionless value equal to the ratio of 
the rate constants of  the direct and reverse reactions of 
the complex formation, ~ and k/.u >> 1. In this case, 
Dcfr <</)true- Thus, in accordance with Gup ta ' s  theory, s 
the chemical  reaction formally results in a decrease in 
the diffusion rate. Since in our case the k//a ratio is 
equal to the equilibrium constant (3), the D" ~./~t value 
must correspond to the true diffusion coefficient. Since 
it is impossible to determine the equilibrium constant in 
the polymeric phase experimentally,  one can use the 
data on the constants of the formation of  the complex of 
18-crown-6 with the K § cations in water 9 (lgK-= 2.03-- 
2.15) for estimating the ratio between Deft and/)true. The 
decrease in the diffusion mobili ty in the polymeric phase 
is consistent with decreasing entropy of  the system z in 
the ease of  KNO 3 sorption from aqueous solutions by a 
granulated crown-containing sorbent. 
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