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ABSTRACT 

     Reactor design for fluid-solid, noncatalytic reaction depends on the prediction of the 
performance of the reactor kinetically. The most mathematical models used to handle 
fixed bed reactor in which the solid bed constitute one of the reactants, while a second 
reactant is in the fluid phase are complex and difficult to handle. A new mathematical 
model which easier to handle has been developed to describe the system under 
investigation. The model was examined theoretically and experimentally. A column 
backed with chelating cloth filter to separate radionuclide form radioactive waste 
solution is used as a practical application for the model. Comparison of the model 
predictions with the experimental results gives satisfactory agreement at most of the 
process stages.   

 

INTRODUCTION 
 

     The presence of long-lived radionuclides in aqueous wastes significantly increases the complexity and, 
in turns, the cost of treating the waste for disposal. Wastes that contain actinide elements (U, Np, Pu, Am 
or Cm) require, at the minimum, extensive contamination controls. Separation of the major radioactive 
elements from the waste allows downstream processing of the bulk non-radioactive fraction of the waste 
to be performed in less expensive equipment and facilities with hands-on operation and maintenance. 
Separation technologies also concentrate the radionuclides destined for geologic disposal into a smaller 
volume. This lowers capital and operating costs of treatment facilities as well as final storage and disposal 
costs. 
     The processing of uranium compounds for atomic energy project gives rise to a variety of wastes in 
which the uranium content is of considerable importance. The hydrolysis of uranium hexafluoride in fuel 
manufacture laboratories and its conversion to ammonium diuranate (ADU) produces an alkaline solution 
containing low concentration of uranium [1, 2]. At low solute feed concentrations, the use of solvent 
extraction processes for separation of uranium loses their advantage. The ion-exchange resin provides 
such an alternative. While synthetic ion- exchange resins are effective in the separation of metals, such 
resins have traditionally suffered from a lack of selectivity [3].  
     One of the new developments in the recent years to separate and accumulate uranium is the use of 
chelating polymer adsorbents containing amidoxime groups due to its selectivity and ability to form 
chelates [4-6]. Extraction reactions in chelating polymer adsorbents, as in other heterogeneous reactions 
between solids and fluids (i.e. ion-exchange resins), could be explained through a number of sequential 
processes that determine the rate of reaction: (a) Diffusion of ions through the liquid film surrounding the 
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polymer. (b) Diffusion of ions through the polymeric matrix of the polymer (c) Chemical reaction with the 
functional groups attached to the matrix. One of the steps usually offers much greater resistance than the 
others, so it can be considered as the rate limiting step of the process. The chelating polymer can be 
assimilated to an ion-exchange resin and for that reason the kinetic models selected to describe the metal 
extraction data are two models widely used for describing ion-exchange data: Homogeneous Diffusion 
Model (HDM) and Shrinking Core Model (SCM). In these models, the extraction mechanism involves the 
previous three steps. The kinetic concept of SCM mechanism can be described in terms of the 
concentration profile of a liquid reactant containing a counterion advancing into a spherical bead of a 
partially substituted ion-exchanger. As the reaction progresses in the bead, the material balance of 
counterion follows Fick’s diffusion equation with spherical coordinates. In HDM, the extraction 
mechanism involves counter diffusion of M+ ions from the aqueous solution and H+ ions from the resin 
phase. The exchange of M+ /H+ can be rigorously described by the Nernst Plank equation. This applies to 
counter diffusion of two species in a quasi-homogeneous media. 
     A designer for separation unit plants needs a lot of data to design an optimized unit. The aim of this 
work is The mathematical simulation of uranium retention from solution produced from ADU 
precipitation and washing in fuel manufacture laboratories in column packed with new chelating cloth 
filter (CCF), incorporated with amidoxime(AO)/carboxyl(CA) groups, as a first step for designing 
optimized separation unit. Gonzales and Streat [7] tried to study uranium sorption in phosphoric acid 
solution impregnated in levextrel resins using HDM and SCM. Jung and Lin [8, 9] analyze the rate data 
for sorption of Cu(II) and Zn(II) from aqueous solution with amperlite resin using a modified SCM. 
Schwab fitted his data for the reduction of FeS2 using SCM [10]. Cortina and Miralles used HDM and 
SCM to analyze kinetic data of metal sorption on amperlite resins [  ]. They found that the process is 
controlled by film diffusion at low metal concentrations and by matrix diffusion at high concentrations. 
Although HDM and SCM can be used to follow the uranium retention from solution produced from ADU 
precipitation and washing in fuel manufacture laboratories in column packed with CCF, the mathematical 
complexity [  ], the assumptions which used to derive and the inapplicability to all cases limit their uses 
from the practical point of view re-veal that even the more sophisticated theories on ion-exchange are 
sometimes incapable of justifying the physical reality of the concentration profiles [  ]. A simple but rather 
accurate mathematical model has been predicted. The predicted model can be applicable for many similar 
systems. It can be used to represent reactor in which the solid bed constitute one of the reactants, while a 
second reactant is in the fluid phase.  
 

EXPERIMENTAL 

Reagents:  
     The outlet solution which produced from the ADU precipitation and ADU washing in the Egyptian 
Fuel Manufacture Pilot Plant (FMPP) is used without any treatment. 
 
Preparation and characterization of hydrophilic CCF:  
Synthesis and characterizations of CCF by elemental analysis, FT-IR, TGA and mechanical analysis were 
investigated [11]. 
 The adsorption process, the composition of the complex formed and the adsorption mechanism of U(VI) 
on CCF were also studied [12]. 
Batch experiment : 
A batchwise technique was employed to compare HDM  with SCM. Uranium was separated by CCF 
containing amidoxime/carboxyl groups prepared from the grafted cotton cloth with AN/MA (80/20%). A 
Cloth filter with an area of 25 cm2 was added to the 25 ml of solution, and was stirred. The uranium 
concentration was 5.47*10-4 , the pH was and experiment was carried out at 20 Cº. The composition of 
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the other solution ingredients is shown in Table (1). The time course of uranium adsorption was monitored 
by measuring the change in the uranium concentration in the solution at appropriate intervals. The 
concentration of uranium was measured by ARSENAZO III technique[9]. 
 
Column experiment :  

     Figure (1) is a schematic representation of the model considered for this analysis and also for the 
experimental system. Some glass wool was used as an inert support to the column at both top and bottom 
ends. A weighed amount of CCF (6.793g) containing amidoxime/carboxyl groups prepared from the 
grafted cotton cloth with AN/MA (80/20%) was packed to make (16.5 cm) in length. Then, the column is 
rinsed with bidistilled water. The retention of uranium was examined by charging the column with the 
waste solution samples. The flow rate was kept constant throughout the experiment       (2.77*10-2cm3/s). 
The effluent is collected in 35 ml equal portions. The U (VI) concentration in each portion was measured 
by ARSENAZO III technique [9].The retained uranium concentration in CCF at any time is calculated 
from the concentration of the collected fractions by knowing the starting concentration of the waste 
solution (3.48*10-4(mol/liter)). The composition of the other solution ingredients is shown in Table (1). 
The experiment was carried out at 20 Cº and the pH of the  waste solution used was 9.5. During the 
process, the   chelating of uranium gradually changes the color of CCF from light yellow to deep orange 
from top to bottom of the column. The current band length formed due to each portion collection is 
measured besides the time required for each collection is determined.   
  

PHYSICAL PICTURE AND ASSUMPTIONS 
 

     A column packed with CCF used to retain uranium ion could be considered as a fixed bed reactor.  It is 
assumed that once the adsorbed zone has been reached a transient adsorption band is formed. The 
adsorption band is the zone of the reactor which retains the examined species and start from the top of the 
reactor. Figure (1) is a schematic representation of the model considered for this analysis. Where qmax 
(mol/kg) is the concentration of uranium at the start of the band (once the band is formed), r (m) is the 
column radius, dz is the differential unit length of the uranium band in the direction of the solution flow 
and dv is the differential unit volume which equals to πr2dz.    
The following assumptions were suggested to simplify the model: 
 

(1) The adsorption band is subdivided into infinite small multi layers and the concentration of 
examined species (uranium) at the first layer of the column is kept constant and attains the 
maximum concentration for CCF i.e. q = qmax at z =0. 

(2) At a certain time interval, the concentration decreases homogeneously from layer to layer and 
reaches zero at the last layer and the rest of the column i.e. from the top of the column to the end of 
the band. 

(3) The homogeneous decrease in concentration (q (mol/kg)) from layer to layer is directly 
proportional to the decrease in the waste solution concentration (C (mol/m3)) along the height of the 
reactor (z (m)) (dq/dz=βdC/dz) while the rate of change in the adsorbed ions concentration is 
opposite to the rate of change in the ion concentration in the solution phase (dq/dt=-βdC/dt). Where 
C is the examined ion concentration in the aqueous phase (mol/m3), q is the examined ion 
concentration adsorbed per kilogram of resin (mol/kg) at time t(s) and β is the adsorption coefficient 
constant (m3/kg).  

(4) The band length increases with time and this increasing is due to the retention of uranium ion only. 
(5) At the end of the experiment i.e. after saturation of the column there is one layer (the concentration 

of it equals qmax) by which the column could be represented. 
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(6) The band formed at certain time interval is retained (doesn’t move) during the elution of mobile 
phase (the waste solution).  

(7) At any time, the flow rate of the mobile phase is kept constant throughout the column and through 
out the experiment. 

(8) The flow of the mobile phase doesn’t affect the chemistry of the grafted chelating polymer. 
(9) None of the diffusion effects are included in the model being developed; fluid velocity appears only 

in the over all material balance and the process controlled by an external mass-transfer for the 
reactor as a whole.  

(10) Elovich equation [13] (equation (1)) is used to simulate the sorption of uranium by grafted 
chelating polymer.  

 
     One important note should be discussed here. In reactions involving chemisorptions of gases on a solid 
surface without desorption of products, the rate of adsorption decreases with time due to the irreversibility 
of the reaction and the increasing in surface coverage. The most useful equation for description of such 
activated chemisorptions is the Elovich equation (1):  
 
                                                dq/dt =a exp(-αq)                                                                    (1) 
 

 Where α( kg/mol) ( chemisorptions capacity coefficient)  and a (mol/(kg.s)) are constants depending on 
the used system. The constant (a) is regarded as the initial rate, since (dq/dt)→a  as q→0. Given that qt=0 
at t=0, the integrated form of Eq. (1) becomes 

 
                                                q(t) =(1/α) ln(aα) + (1/ α) ln(t+1/(aα))                                    (2a) 
 
By expanding the logarithm we will have: 
 
                                                 q(t)=(1/α) ln(aαt +1)                                                              (2b) 
 
 A linear relations are obtained for the semi logarithm plots of concentration vs. time ( it was assumed that 
t >>1/(aα) ) in the case of sorption of Fe(III), Co(II), Ni(II), Cu(II), and Zn(II) with XAD-2(syrene-
divinylbenzene copolymer) containing DEHPA (di(2-ethylhexyl)phosphoric acid )[15-17]. The results of 
the linear regression analysis for simplified HDM, simplified SCM and Extended Elovich model for 
uranium ions adsorption by CCF in batch experiment are summarized in Table (2). The straight lines that 
are obtained in all cases do not pass through the origin (Figure() and Figure ()) as they should do. The 
linear correlations indicate a good fit for process to be controlled by film diffusion, matrix diffusion or 
chemical reaction for both models (HDM and SCM). The data were fitted satisfactorily but it gave 
interfered information about the rate-controlling step. According to HDM the process appeared to be 
controlled by the rate of diffusion of the ions across the liquid film surrounding CCF (i.e. diffusion of 
uranium ions through the liquid surrounding CCF is the rate determing step) and controlled by the rate of  
the chemical reaction according to SCM ( i.e. the chemical reaction due to the chelation of uranium by the 
grafted function groups). The adsorption can be explained by combination of film diffusion and chemical 
reaction. Fairly good straight line was also obtained from Elovich model for the adsorption of uranium 
ions by CCF. Elovich model has been selected for describing our data because of its simplicity reveal that 
even the more sophisticated theories on ion-exchange are incapable of justifying the physical reality of the 
conversion profiles and determination of the rate determing step. This leads us to extend Elovich model to 
simulate the retention  of uranium in column packed with grafted chelating polymer. 
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MODEL EQUATIONS AND SOLUTION 
 

      If we feed the column with solution of concentration Cmax and from the mass balances between the 
entrance and an arbitrary point in the adsorption band between the entrance and the exit of the adsorption 
band, the operation along the height line of the reactors will be written by the following equations: 
 

q = β C                                                                                   (3) 
 

Where C is the examined ion concentration in the aqueous phase (mol/m3), q is the examined ion 
concentration adsorbed per kilogram of resin (mol/kg) and β is the adsorption coefficient constant (m3/kg). 
The mass balance of metal in differential height (dz) for differential period (dt) is expressed by: 
  

µ δC/δz + ρ δq/δt + ε δC/δt = 0                                                 (4) 
 
Where µ is the linear velocity of fluid (mobile phase) (m/s), ρ is packing density of column (kg/m3) and ε 
is the void fraction. 
By considering assumption (2, 3, and 8) and Elovich equation we will have: 
 

dq/dt = - β dC/dt = a exp(-αq)                                                                 (5) 
and have 
 

dq/dz =  β dC/dz                                                                                      (6) 
Substitution by (5) and (6) in (4) gives 
 

(µ/β)( dq/dz)  +  (ρa) exp(-αq)–  ((εa)/β) exp(-αq)= 0                                 (7) 
 

from (6) and let  b=(a(ρβ-ε))/µ  we will have: 
 

dq/dz  = -b exp-(αq)                                                                                   (8) 
 

The constant b(mol/kg.m) is regarded as the change in concentration per unit length at the end of the band, 
since (dq/dz)→-b as q→0 
By substitution of equation (2) in equation (8) we will have: 
 

dq/dz  = -b exp-[ln(aα) + ln(t+1/(aα))]                                                        (9) 
So,                           dq/dz  = -b/((aαt) +1)                                                                                  (10) 

 
Given that q=qmax at z =0 (assumption (1)) and by applying steady state approximation, the integrated 
form of equation (10) will be: 
 
                               q(z,t) = qmax – [b/((aαt) +1)] z                                                                       (11) 

     The last equation operates linearly along the height of the band formed. It can be used to follow the 
adsorption after any time interval at any point inside the reactor itself which can not be followed 
practically. The more practically applicable and comparable to the other models equation is equation (13) 
which will be discussed later. Equation (11) can be applied at certain value of z along this line if q is 
plotted versus t. The concentration at this point will be calculated for t≥t0 where t0=(bz/aαqmax)-1/aα and z 
is the height of the column at the selected point. The concentration considered to be zero for t<t0 and t0 can 
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be considered as the time at which the sorption starts at any selected point. The concentration can be 
predicted at this point at any time by plot like that. 
 
     If q is plotted versus z along the height of the band after certain period of time we will get the 
concentration profile along the height line. The concentration will be calculated for z≤z0 where 
z0=(qmax(aαt) +1))/b and t is the selected  time interval. The concentration considered to be zero for z>z0 
and z0 can be considered as the band length after period of time t. 
  
      Equation (11) correlates most of the fixed bed reactor parameters. Figure (2) shows simulation profile 
of Equation (11) for a given reactor parameters. If the concentration q versus time t is plotted for different 
point at different height z1, z2 and z3 where z1>z2>z3 and z3=0, figure (2a) shows how the concentration at 
the given point increases till leveling off i.e. saturation where q=qmax. The two plots for z1 and z2 will 
intersect with the time axes at t01 and t02 where t01=(bz1/aαqmax)-1/aα and t02=(bz2/aαqmax)-1/aα. The 
concentration before t01 and t02 equals zero for the given z. The figure indicates the length of time that a 
point can operate before saturation. Figure (2b) shows how q of a given band decreases with the reactor 
height at a given selected time intervals t1, t2 and t3 where t3>t2>t1 and t3=∞. The two plots for t1 and t2 
intersect with the reactor height axes at z01 and z02 where z01=(qmax(aαt1) +1))/b and z02=(qmax(aαt2) +1))/b. 
The concentration after z01 and z02 equals zero for the given time, t. Equation (11) needs to be examined 
theoretically and experimentally. Through the following discussion, reactors of given parameters will be 
taken for simulation and the effects of the working parameters will be evaluated not only on the 
operational variable but also on the profile of these reactors.  
   

VALIDATION OF THE MODEL  
 

Theoretical validation: 
 
     Theoretical validation for the model can be confirmed by simulating the gained value for the sorption 
concentration q as a function of t at various column parameters. According to the assumed model, the 
parameters which contribute in the extent of sorption and the column capacity are the initial rate of 
adsorption (a), the adsorption coefficient (β) between the mobile phase (waste solution) and the stationary 
phase (CCF), the void fraction (ε), the packing density of column(ρ) (ε = 1- (ρ/ actual density)), the linear 
velocity of  the mobile phase (µ), the column radius (r), the column height(z) and chemisorptions capacity 
coefficient (α). Table (2) summarizes the values for column parameters which used to calculate q as a 
function of t by using equation (11), where a=4.115*10-6(mol/kg.s), β=69.5145*10-3(m3/kg), ε=0.85, 
ρ=0.2211*103(kg/m3), µ=1.4781*10-4(m/s), z=0.165(m), α=110.6915(kg/mol) and qmax=0.0176(mol/kg) 
are common values used for simulation. In the following discussion, the controlled key in simulation is 
qmax. Reactors packed with materials having the same qmax will be studied whatever the parameters values 
were. As it was predicted from equation (11), each point in these reactors will be saturated at the same 
concentration. The predicted simulation curve will level off at the same value i.e. at the same qmax. The 
leveling time of is the effective factor in this simulation. It is an indication of column capacity if the flow, 
Feed concentration and packing density are constant. When the leveling time increased this means the 
reactor needs more time to be saturated and the column capacity was increased.  
       
Packing density of column (ρ) and void fraction (ε): 
     From the experimental point of view, the sorption quantity increases as the density of backing 
increases. Increasing of packing density leads to an increase in the relative amount of bed per unit volume 
of reactor. In otherwise, more and more decreasing of backing density may leads to formation of bed gaps 
(i.e. increasing in the void fraction) and may be formation of air bubbles, which should be avoided 
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throughout the column backing. The suitable backing density should be optimized to give best 
performance. Formation of voids inside the column leads to formation of sites with no resin, which may 
accumulates air bubbles. The accumulation of air bubbles decreases the column efficiency (from the 
experimental point of view). These bubbles are left over from packing of the column. The column can be 
deaerated by pumping a blank solution before using. Simulations of equation (11) at different values of (ρ) 
are shown in Figure (3) where the gained values of q (mol/kg) at the same point (z=0.165(m)) correspond 
to ρ1, ρ2and ρ3 are plotted versus t(s). The simulations gained for different ρ at the same point are similar 
to the one which can be gotten for different point with different z. The findings concerning (ρ) within 
Figure (3) agree with logic. As the packing density increased the time at which the sorption starts t0 at the 
selected point increased and the time of leveling off in turn increased i.e. the required time for saturation 
at this point increased. All of this leads to increasing in the column capacity. Alternatively, you can say 
the reverse with respect to ε as ε = 1- (ρ/ actual density) i.e. increasing in ε leads to decreasing in column 
capacity. The findings corresponding ρ and ε theoretically agree with expectation and with the everyday 
observations.  
 
Linear velocity of fluid (µ):   
 Two important notes should be discussed here. Firstly, none of the diffusion effects are included in the 
model being developed; fluid velocity appears only in the over all material balance (assumption (9) and 
equation (4)) but the fluid flow rate affects on the degree of diffusion especially at elevated fluid velocity. 
Secondly, the fluid flow rate is directly proportional to the linear velocity of fluid (µ). Much increasing in 
fluid flow rate may lead to decrease in the residence time of the solution around the bed aggregates and 
the degree of diffusion of the solution through it. Decreasing the degree of diffusion may lead to a 
decreasing in the column capacity and, as a result, the extent of sorption decreases at any selected point of 
the column. As the column capacity is suggested to be constant, the linear velocity of fluid should be 
optimized between decreasing of linear velocity which leads to increase the elapsed time which required 
to the column to attain its capacity and increasing of linear velocity which leads to decrease in the column 
efficiency i.e. diffusion of some of the examined species from the column before attaining its full capacity. 
Also, The impact of elevated fluid velocity cause a column pressure drop which may be a major operating 
issue at a high velocity. Simulation of equation (13) at different values of (µ) with constant qmax (all the 
other column parameters are also kept constants) is shown in Figure(4). The findings concerning (µ) in 
Figure (4) agree with the logic as we previously discussed. As the linear velocity of fluid decreases the 
time at which the sorption starts t0 at the selected point increases and the time of leveling off increases i.e. 
the time required for saturation at this point increases which leads to increase the elapsed time required for 
saturation for the entire of column. 
  
The initial rate of sorption (a) 
     In system like that, the initial rate of sorption increases as the active sites for sorption (the grafted 
function groups) increases for constant feeding concentration. Simulation of equation (11) at different 
value of (a) is shown in Figure (5). The simulations gained for different (a) are similar to the one which 
we can get for different ρ. Increase in (ρ) leads to increase in the active sites per unit volume. Also 
increasing in (a) may be due to increasing in the active sites per unit volume. The effect of (a) in column 
capacity becomes more pronounced at lower value than at higher value of (a). The saturation of the 
column becomes very quick at lower values as it was expected. This can be attributed to two reasons, 
sharp decrease in the feed concentration or sharp decrease in the number of active site. The findings 
concerning (a) agree with logic. As the initial rate of sorption increased the time at which the sorption 
starts t0 at the selected point increased and the time of leveling off, in turn, increased i.e. the time required 
for saturation at this point increases. All of this leads to increasing in the column capacity as whole. 
Adsorption coefficient (β):  
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     The partition coefficient between two liquid phases is the concentration ratio of solute between the two 
phases at equilibrium. In our case, the grafted functional groups should exhibit strong affinity to the solute 
with respect to the mobile phase to make extraction takes place. The ratio between the concentration of 
solute in the feeding solution and that extracted at equilibrium is called adsorption coefficient β. It is clear 
from this definition, as (β) increases the sorption extent increases. Consequently, the effect of decrease in 
(β), and hence, the leveling off time decrease leads to decrease in the column capacity. Simulation of 
equation (11) at different values of (β) is shown in Figure (6). The findings concerning (β) agree with the 
above discussion. Any increase in (β) leads to increase in the fixed bed reactor capacity.  
 
Chemisorptions capacity coefficient (α): 
Many literatures state that the findings concerning α for system of solvent impregnated resin are opposite 
with those in conventional “activated” chemisorptions systems [11, 12], which state that αis considered as 
an indication of the number of sites available for sorption. There is no satisfactory explanation for such 
discrepancies at this stage. The same is found concerning system of grafted chelating groups. As shown in 
Figure (7) the effect of increasing in α leads to decrease in the time at which the sorption starts and in the 
time of leveling of i.e. the time required for saturation at the selected point decreases. All of this leads to 
decreasing in the column capacity.   
  
Experimental validation: 
     The previous model is the general model, which could be applied to describe the physical picture of the 
sorption (retention) of any species by a fixed bed reactor. The suggested model is approved to simulate the 
system under investigation. The determined integration of equation (11) from v=0 to vmax(m3)( vmax is the 
column volume) will give the concentration over all the column Q (mol m3/kg). 
 
So, 
                         Q =       (qmax - b/((aαt) +1) z) dv                                                                   (12) 
 
 
 
  
Given that vmax=πr2zmax and dv= πr2dz where zmax (m) is the column height 
So, 

Q = πr2zmaxqmax – ( πr2b / (2( aαt +1) ) z2
max                                                           (13) 

 
Experimental validation for the model could be established by testing the gained value for Q (the adsorbed 
concentration over the entire column) at different value of t. The results computed from it are expected 
from systems like the one we examine and similar with what computed using more complex models (SCM 
and HDM) (for example, the theoretical and experimental curves for conversion of FeS2 vs. time shown in 
reference [10]). The model equations can be used to explain the experimental literature data for similar 
systems [7-10].Comparison between experimental results and calculated quantities for Q using the 
suggested model is shown in Figure (10). The first step to establish simulation like that is the 
determination of the worked column parameters. The initial decrease in concentration per unit length (b) 
can be obtained according to b= a(ρ β-ε)/µ. It is a column constant which depends on the operating 
conditions. Experimentally, it is difficult to study one parameter which contributes in b, in separate way, 
without any contributions from other parameters. Most of these parameters interfere with each other. It is 
possible to obtain one and the same value of (b) with different collection values of column parameters. 
This means that the behavior of the process can be determined by variation of the value of (b) via 
changing any of the parameters, which affect the value of (b). According to equation (11 and 13), 
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determination of b and α can be used for optimization and determination of column capacity at certain 
operating conditions.  
Determination of reactor parameters: 
 
     Figure (8) shows a linear relationship between experimental measured q(mol/kg) versus lnt according 
to equation(2a)  which can be simplified to be: 
 
                                     q(t) = (1/ α)  ln(a α) + (1/ α) lnt                                        (14)       
( if t>> 1/a α) 
 
 From the last equation we can estimate (α) and (a) experimentally which were found to be 
a=4.115*106(mol/kg.s) and α=110.6915(kg/mol) for CCF.  
 
     The adsorption coefficient (β) is estimated from equation (3) by plotting the concentration of adsorbed 
uranium on CCF versus the concentration in solution after separation of the two phases (CCF and the 
solution)(  see Figure (9)). According to equation (3) (β) is found to be β=69.5145*10-3(m3/kg) for CCF. 

      The void fraction (ε) is determined according to equation (15) while ρ and µ can be easily 
determined experimentally. ε, µ and ρ were found to be experimentally ε=0.85, µ=1.4781*10-4(m/s) and 
ρ=0.2211*103(kg/m3). 

 
                                ε = 1- (ρ/ actual density of CCF)                                        (15)  
   
The column capacity qmax was determined after complete saturation of the column. The over all retained 

uranium is calculated by integration of the amount of uranium in the collected fractions before saturation 
by knowing the starting concentration of the waste solution before elution (3.48*104(mol/liter)). It is 
found to be qmax=0.0176(mol/kg) 

 
Comparison with experimental results: 
    Figure (10) shows a comparison between the measured Q-t relations for column backed with chelating 
cloth filter with those predicted by the presented model according to equation (13). The agreement 
between measured and predicted results is excellent especially at the earlier stage of elution. Small 
differences appear at the stage of leveling off (full saturation of the column). This is due to the collected 
samples at this stages show very low and small difference in concentrations which couldn’t be detected by 
the used technique for measurements (ARSENAZO III technique). Determination of uranium covering 
wide range of concentrations (between 5 to 1000 µg U/ml ) using this technique was studied. The relative 
standard deviation of 1% and 5% for high and low concentrations, respectively were obtained and 
increased progressively for very diluted solution. So, the experimental curve levels off at an earlier stage 
than the predicted curve. This model is very useful for prediction of the reactor capacity  and the predicted 
value satisfactory agrees with the measured one. It is also useful to predict the time of complete saturation 
of CCF which the column backed with it i.e. the time of regeneration. Table (3) shows comparison 
between the experimentally measured concentrations over all the column Q with those predicted by 
z0=(qmax(aαt)+1))/b and equation (13) for the same band lengths. The difference detected at z0=0.061 can 
be attributed to assumption (1) which state that q=qmax at z=0. It appears that the concentration at the start 
of the column doesn't attain this value at this stage of experiment. The rest of points show an excellent 
agreement between predicted and experimentally measured Q. 
 

SUMMARY AND CONCLUSION 
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     A mathematical model has been proposed to simulate the retention in fixed bed reactor. The model 
treats the effect of most of fixed bed reactor parameters on the conversion of the packed bed (retention of 
uranium on CCF in our case). The model equations combine the properties of the bed and the parameter 
work in the reactor and the concentration as a result of retention. The effects of the various parameters are 
analyzed. The theoretical conclusion coincides with the everyday experimental observations. 
 
    Comparison of the model predictions and experimental results proved quite satisfactory at most of the 
experiment stages. Small difference was detected at the stage of saturation. This may be attributed to the 
poorness in the technique which used to measure the very small difference in concentration in the 
collected sample fractions at this stage. The model approved to simulate the behavior of fixed bed reactor 
and in the same time it is very easy to apply it for similar systems. 
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Figure (1) schematic representation of the model and experimental arrangement 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                            (2a)                                                                    
(2b) 

Figure (2) Simulation of concentration profile in fixed bed reactor: (2a) product 
concentration vs. time; (2b) product concentration vs. band height 
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Figure (3) Model predictions of (q)at different values of (ρ) 

 

 

 

 

 

 

 

 

 

 

 

Figure (4) Model predictions of (q)at different values of (µ 
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Figure (5) Model predictions of (q)at different values of (a) 

 

 

 

 

 

 

 

 

 

 

 

        Figure (6) Model predictions of (q)at different values of (β) 
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 Figure (7) Model predictions of (q)at different values of (α) 

 

 

 

 

 

 

 

                          

 

 

 

Figure (8) Plot for experimental measured uranium on CCF versus lnt 

 

 

 

 

 

 

 



VIII Radiation Physics & Protection Conference, 13-15 November 2006, Beni Sueif - Fayoum, Egypt 

 

 

 
 

430

0 100000 200000 300000 400000 500000 600000
0.0000000

0.0000001

0.0000002

0.0000003

0.0000004

0.0000005

0.0000006

0 100000 200000 300000 400000 500000 600000
0.0000000

0.0000001

0.0000002

0.0000003

0.0000004

0.0000005

0.0000006

t, s

Experimental

Q
, m

ol
.m

3 /k
g

t, s

 Theoretical

 

 

 

 

 

Figure (9) Plot for experimental measured concentration of uranium in CCF versus solution 
concentration 

  

 

         

               

 

 

 

 

 

 

Figure (10) Theoretical and experimental t-Q(t) relation for column backed with CCF 

Table (1) other solution composition ingredients 

Component Concentration ( mass %) 

NH4F 2.72 

NH3 (aq) 7.23 

C2H5OH (aq) 3.43 

H2O The rest 
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Table (2) the values of column parameters which used to calculate (q) as a function of (t) 

ε* = 1- (ρ/ actual density), actual density=1.5162*103 kg/m3 

Table (3) Comparison between the experimentally measured concentrations over the entire column 
Q with those predicted by the model for the same band length 

  

 

 

 

 

Calculated b 

(mol/kg.m) 

Used formulas for 
calculation of b 

Used parameter values Stimulated parameters 

0.402 b1=a(ρ1β-ε1*)/µ 0.2211*103(kg/m3) ρ1 

0.207 b2=a(ρ2β-ε2*)/µ 0.1211*104 (kg/m3) ρ2 

0.017 b3=a(ρ3β-ε3*)/µ 0.0211*105 (kg/m3) ρ3 

0.402 b4=a(ρβ-ε)/µ1 1.4871 *10-4(m/s) µ1 

0.240 b5=a(ρβ-ε)/µ2 2.4871 *10-4 (m/s) µ2 

0.109 b6=a(ρβ-ε)/µ3 5.4871 *10-2 (m/s) µ3 

0.402 b7=a1(ρβ-ε)/µ 4.115*10-6 (mol/(kg.s) a1 

0.011 b8=a2(ρβ-ε)/µ 0.115*10-6 (mol/(kg.s) a2 

4.882*10-4 b9=a3(ρβ-ε)/µ 0.005*10-6 (mol/(kg.s) a3 

0.402 b10=a(ρβ1- ε)/µ 69.5145*10-3(m3/kg) β1 

0.163 b11=a(ρβ2- ε)/µ 30.5145*10-2(m3/kg) β2 

0.041 b12=a(ρβ3- ε)/µ 10.9514(m3/kg) β3 

0.402 b1=a(ρβ-   ε)/µ 110.6195 α1 

0.402 b1=a(ρβ- ε)/µ 220.6195 α2 

0.402 b1=a(ρβ-  ε)/µ 440.6195 α3 

Theoretically predicted 
concentrations over all the 

column,  Q(mol.m3/kg) 

Experimentally measured 
concentrations over all the 

column, Q(mol.m3/kg) 

 Experimentally measured 
band length,  z0 (m) 

6.425*10-8 1.10499*10-7 0.061 

1.647*10-7 1.657*10-7 0.085 

2.302*10-7 2.209*10-7 0.12 

2.763*10-7 2.762*10-7 0.143 

3.105*10-7 3.314*10-7 0.155 

3.368*10-7 3.867*10-7 0.165 
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