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ABSTRACT 

   Zirconia composite material was chemically synthesized previously and 
prepared by applying the sol-gel polymeric route using MgO as a stabilizer. The 
prepared composite material was characterized using various techniques: x-ray 
fluorescence (XRF), scanning electron microscope (SEM), differential thermal 
analysis and thermogravimetric analysis (DTA-TG), x-ray diffraction (XRD) and 
surface area using the BET-method. The sorption removal of UO2

2+ and Pb2+ ions 
from aqueous waste solution by zirconia composite material using batch 
technique was investigated. The sorption was carried out as a function of pH, 
particle size, shaking time and temperature. In this work, a comparison of kinetic 
models applied to the sorption process of each ion was evaluated for the pseudo 
first-order, the pseudo second-order, intraparticle diffusion and homogeneous 
particle diffusion kinetic models, respectively. The results showed that the 
homogeneous particle diffusion model (HPDM) best correlate the experimental 
rate data and the numerical values of the rate constants and particle diffusion 
coefficients were determined from the graphical representation of the proposed 
models. Activation energy (Ea) and thermodynamic parameters of free energy 
(∆G*), enthalpy (∆H*) and entropy (∆S*) of activation were also computed from 
the linearized form of Arrhenius equation.  
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INTRODUCTION 
 

The tremendous increase in the use of heavy metals over the past few decades has 
inevitably resulted in an increased flux of metallic substances in aquatic environment. The 
presence of heavy metals in the environment is a major concern due to their toxicity for many life 
forms (1). Unlike organic pollutants, the majority of which are susceptible to biological 
degradation, heavy metals will not degrade into harmless end products. Therefore, the elimination 
of heavy metals from water and waste water is important to protect public health (2).  Lead is toxic 
to humans; it substitutes for calcium in bone tissue, and accumulates there. Lead may be 
transferred to drinking water when lead pipes are used or where water is stored in lead-link tanks; 
it can also become when treated with paints containing lead (3,4). Uranium is general cellular 
poison, which can potentially affect any organ or tissue. Uranium is one of the most seriously 
threatening heavy metals because of its high toxicity and radioactivity. Excessive amounts of 
uranium have found their ways into the environment through the activities associated with the 
nuclear industry, uranium and thorium mining and refining, industrial, medical and scientific 
utilization of radioactive materials (5, 6). There is a need for controlling the heavy metals especially 
lead and uranium emission into the environment. The objective of this study is to model the 
sorption characteristics of Pb2+ and UO2

2+ onto the prepared composite material. The kinetics of 
adsorption was also evaluated using the light of current known mathematical models and the 
relevant parameters were determined. This paper is an extension of our previous paper (7), where 
synthetic zirconia composite material using MgO as stabilizer was used as a good adsorbent and 
it is prepared by polymeric sol-gel technique using metal chloride as precursors.  

 
EXPERIMENTAL 



    Our experimental data were taken from the previously published experimental results on the 
sorption equilibria of uranium and lead ions on to zirconia composite material (7, 8). 
   The adsorption capacity (qt), the percentage uptake (%P) and the distribution coefficient (Kd) 
were calculated from the expressions: 

               qt = V/m (Co-Ct)     µg/g   ----------------------------------------------------------
--(1) 

                  %P = [(Co – Ce)/ Co] x 100 --------------------------------------------------------
--(2) 

           Kd = [(Co- Ce)/ Ce] x (V/m)    mL/g -----------------------------------------------
--(3) 

   Where: V is the total volume of solute solution (ml), m is the mass of adsorbent used (g), Co is 
the initial concentration of the solute (mg/L), Ct is the residual concentration of the solute (mg/L) at 
time t and Ce is the residual concentration of the solute (mg/L) at equilibrium. 
 

RESULTS AND DISCUSSION 

1. Kinetic Studies 
1.1. Effect of Sorbent Particle Size 

The batch adsorption experiments were carried out by using various particle sizes of 
sorbent (50 to 500 µm). It has been shown that in the case of the adsorption of inorganic 
compounds from aqueous solutions, the chemical nature of the adsorbent determined by amount 
and nature of the surface complexes has in general more influence than the surface area and the 
porosity of the adsorbent (9). Fig. (1) shows that the adsorbability of Pb2+ and UO2

2+ ions was 
slightly increased with increasing the particle size of the adsorbent. The diameter 355µm was found 
to be the best to gain maximum capacity of Pb2+ and UO2

2+ ions from aqueous solution. So the next 
experiments were carried out at this particle size (355µm). 

 
1.2 Effect of pH: 

pH has been pinpointed as one of the major parameters controlling the sorption of 
metals on solids. According to several authors (10), variations in pH could change the 
characterizations and availability of metal ions in solution as well as the chemical status 
of the functional groups responsible for the solid sorbent. Therefore, the effect of 
hydrogen ion concentration in the aqueous solution on the adsorption of Pb2+ and UO2

2+ 
ions was investigated. As can be seen in Fig. (2), the pH region over which there was a 
rapid increase in metal ion adsorption at an initial concentration of U(VI), 100 ppm was 
found to be 2-6 and at initial concentration of Pb(II), 10 ppm, was found to be 2-8. Above 
these pH levels, the adsorption curves increased slightly. The maximum removal of 
uranium(VI) (approximately 50-65% at initial concentration of 100 ppm) was observed. 
However, this was not for lead(II), where the maximum adsorption of lead(II) was only 
7%. The percent removal of UO2

2+ ions increased with pH, which may be due to cation 
adsorption by metal oxides and also due to electrostatic attraction between negatively 
charged composite material surface and the positively charged cations. As shown in Fig. 
(2), the uptake increases with an increase in pH of aqueous solution. It increases sharply 
between pH 2 and 6, reaching a value (50%). This may be explained by a mechanism 
involving prior hydrolysis of uranium(VI) to give hydrolysis product. The concentration 
of the hydrolyzed uranium(VI) species depends on the uranium(VI) concentration and the 
solution pH. In the pH range from 3.2 to 4.5, the predominant species of uranium is 
UO2

2+ with small amount of (UO2)2(OH)2
2+, but at pH range from 4.5 to 6, the 



hydrolyzed uranium species is (UO2)3(OH)5
+ with small amounts of UO2

2+ and 
(UO2)2(OH)2

2+ (11). The results presented indicate that uranium(VI) adsorbed on   zirconia 
composite material was adsorbed as UO2

2+ and as a hydrolytic species [(UO2)3(OH)5
+]. 

The hydrolysis of uranyl ions in aqueous solutions starts at pH=3.2. At higher pH values, 
the adsorbent surface was mostly negatively charged and coloumbic attraction was 
obtained  between the negatively charged active sites on surface (OH, NH, C=O) and the 
positively charged metal ion species. It is worth to mention that the zirconia composite 
material is mainly  
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Fig.1: Effect of particle size on sorption 
of Pb2+ and UO2

2+ on zirconia material. 
[at:Co(Pb2+=10ppm,UO2

2+=100ppm),V=10ml
pH(Pb2+=5,UO2

2+=3.5), shaking time=4h.]. 

Fig.2: Effect of pH on sorption of  Pb2+ 
and UO2

2+ on zirconia material. 
[at:Co(Pb2+=10ppm,UO2

2+=100ppm),V=10ml
mass=0.01g, shaking time=4h.]. 
 

 
composed of organic fraction and metal oxides as revealed by elemental analysis. In this 
concern, C% (15.94); H% (2.50); N% (0.835); ash% (54.39); O% (26.33) and the organic 
fraction represented by (C/H) ratio is 6.36%. 

 The adsorption of Pb(II) on zirconia composite material occurred at pH values 
below 8 through the positively charged composite surface. Since electrostatic attraction 
was not possible between positively charged adsorbent surface and positively charged 
metal ion species, Pb2+ and/or Pb(OH)+,which are present up to pH=6. At pH=6, Pb2+ and 
Pb(OH)+ are in equal concentration, whereas at higher pH values, there is an increase in 
Pb(OH)+ and Pb(OH)2 species, where Pb(OH)2 is a precipitate(12). It seems that some 
non-electrostatic force called specific adsorption was involved in the process of Pb 
adsorption (13). Specific adsorption means a form of inner sphere complexation which 
involves covalent bonding of metals (free or complexed) with adsorbent surface. At 
pH>8, most Pb2+ is precipitated as Pb(OH)2, so no more adsorption was noticed at pH>8, 
where complete hydrolysis of Pb2+ to Pb(OH)2 starts from pH 9 to 13. 

 
1.3 Effect of Shaking Time and Temperature: 

Figures 3,4 show plots of the amount sorbed of Pb2+ and UO2
2+ ions from aqueous  

solutions onto prepared zirconia composite material, at metal ion initial concentration of 10ppm 



for Pb2+ and 100ppm for UO2
2+  and in the temperature range 298- 318 K, as a function of contact 

time. From these Figs.(3,4), it is clear that the adsorption capacity of the investigated cations, 
(Pb2+ and UO2

2+), increases with contact time to attain the steady state equilibrium after 3h in case 
of Pb(II) and 4h in case of U(VI). The results are presented in Figs.(3,4) and it is clear that the 
uptake varies according to the temperature and the equilibrium time of each metal ion was 
independent of temperature change. In this concern, the equilibrium uptake of Pb(II) was 32, 52, 
75 mg/g at 25, 35 and 45oC  respectively, as shown in Fig.(3). In case of U(VI), the equilibrium 
uptake was 65, 85 and 102 mg/g at 25, 35 and 45oC, respectively, as shown in Fig.(4).The uptake 
percent of the studied ions and their distribution coefficient values were calculated at different 
temperatures using equations (2,3) and summarized in Table 1. It is evident that these parameters 
were dependent on temperature and their values increased with increasing temperature indicating 
the endothermic nature of the sorption processes of both studied ions. On the opposite, the 
required time to reach equilibrium remained practically unaffected. 
 
Table 1: Equilibrium characteristics and thermodynamic parameters for the sorption of Pb2+ 

and UO2
2+ ions on zirconia composite material at different temperatures. 

 
Temp.,K P (%) Kd (L/g) Kc = qe/Ce ∆Go  (KJ/mol) ∆Ho (KJ/mol) ∆So  (J/molK)

 Pb2+ UO2
2+ Pb2+ UO2

2+ Pb2+ UO2
2+ Pb2+ UO2

2+ Pb2+ UO2
2+ Pb2+ UO2

2+

298 
303 
318 

16.71 
26.32 
36.94 

33.97 
42.77 
51.20 

4.01 
7.14 
11.7 

1.03 
1.50 
2.09 

4.01 
7.14 
11.72

1.03 
1.49 
2.09 

3.44 
5.04 
6.51 

0.07 
1.03 
1.96 

 
42.22

 
28.07 

 
0.15 
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Fig.3: Effect of shaking time at different 
temperatures on sorption of Pb2+ on zirconia 
material. [at: Co=10ppm, V=20ml, pH=5.2, 
mass=1mg.]. 

Fig.4: Effect of shaking time at different 
temperatures on sorption of UO2

2+ on 
zirconia material. [at: Co=100ppm, V=20ml, 
pH=7, mass=0.01g.]. 

 
In order to gain insight into the thermodynamic nature of the sorption process, several 

thermodynamic parameters for the present systems were calculated. The Gibbs free energy 
change, ∆Go, is the fundamental orientation of spontaneity. Reactions occur spontaneously at a 
given temperature if ∆Go is a negative quantity. The free energy of sorption reaction is given by 
the following equation:                       ∆Go  =  - RT ln Kc ---------- ---------------------------------------
-----(4) 
Where R the gas constant, T is the absolute temperature (K) and Kc is the sorption equilibrium 
constant and can be calculated from:    Kc  =  (qe/ Ce)  ----------------------------------------- -----------
(5) 
The values of the equilibrium constant (Kc) for sorption of the investigated ions onto zirconia 
composite material were calculated at different temperatures and at equilibrium time  using Eq. 



(5) and were summarized in Table 1. From the table, it was shown that, Kc values increases with 
increase in temperature, thus implying a strengthening of adsorbate-adsorbent interactions at 
higher temperature. This also indicate that Pb2+ and/or UO2

2+ ions dehydrate considerably at 
higher temperature before sorption and thus their sizes during sorption are smaller yielding higher  
Kc valued (14). Also, the obtained negative value of ∆Go confirm the feasibility of the process and 
the spontaneous nature of sorption processes with preference towards Pb2+ than UO2

2+ ions. The 
Gibbs free energy change can be represented as follows: 
                                               ∆Go  =  ∆Ho   -   T∆So  ------------------------------------------------------

--(6) 
The values of enthalpy change ∆Ho and entropy change (∆So) calculated from the slope and 
intercept of the plot of ∆Go versus T (Fig.5) are also given in table 1. The change in ∆Ho for both 
ions was found to be positive confirming the endothermic nature of the sorption process. It is of 
note that ∆Ho due to chemisorption takes values between 40 and 120Kj/mol (15). Therefore, 
chemisorption is the predominant mechanism for the sorption of Pb2+ ions. The positive values of 
the entropy change (∆So) show the increased randomness at the solid /solution interface.  
 
2. Sorption Kinetics Modeling 

The study of sorption dynamics describes the solute uptake rate and evidently this rate 
controls the residence time of adsorbate uptake at the solid- solution interface. In this part of  
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Fig 5: Relationship between Gibbs free energy and temperature of sorption of Pb2+ and 
UO2

2+ ions onto zirconia composite material 
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Fig.6: Pseudo first-order kinetic plots for the sorption of (a) Pb2+ and (b) UO2

2+ ions 
from aqueous solution by zirconia composite material. 

 
study, the data of the kinetics of Pb2+ and UO2

2+ ions sorbed from aqueous  solution onto prepared 
zirconia composite material, illustrated in Fig.6 (a,b), were analyzed using pseudo first-order, 
pseudo second-order, intraparticle diffusion and homogeneous particle diffusion kinetic models, 
respectively. The conformity between experimental data and each model predicted values was 



expressed by the correlation coefficient (R2). A relatively high R2 values indicates that the model 
successfully describes the kinetics of metal ion sorption removal. 
 
 2.1 Pseudo First- Order Model 

The sorption kinetics of metal ions from liquid phase to solid is considered as a reversible 
reaction with an equilibrium state being established between two phases. A simple pseudo first-
order model (16) was therefore used to correlate the rates of reaction and expressed as follows: 

 
                                    log (qe - qt)= log qe – (K1/2.303) t -------------------------------------------------

---(7) 
Where, qe and qt are the uptake of the adsorbate at equilibrium and at time t, respectively (mg/g) 
and k1 is the pseudo-first order rate constant (hr-1).  
Plots for Eq. (7) were made for Pb2+ and UO2

2+ ions sorption at different studied temperatures, as 
shown in Fig 6, and approximately linear fits were observed for the two ions, over the entire 
range of shaking time explored and at all temperatures, indicating that sorption reaction can be 
approximated to first–order kinetics. The slopes and intercept of these linear plots, log (qe - qt) 
versus t, were used to determine the pseudo-first order rate constant k1 and the correlation 
coefficient R2.  The values of the first order rate constants increase with increase in temperature in 
case of Pb2+ as reported in Table 2. In many cases the first-order equation of Lagergren does not 
fit well with the whole range of contact time and is generally applicable over the initial stage of 
the sorption processes (17). 
Table 2: Pseudo-first-order rate constants for Pb2+ and UO2

2+ ions sorbed onto 
zirconia composite material. 

k1,  hr-1 R2 
Temp, K 

Pb2+ UO2
2+ Pb2+ UO2

2+

298 1.179 0.469 0.994 0.975 
303 1.353 0.302 0.999 0.981 
318 1.478 0.322 0.996 0.957 

 
2.2. Pseudo Second-Order Model 

A pseudo second- order rate model (16) is also used to describe the kinetics of 
the sorption of ions onto adsorbent materials. The differential equation for 
chemisorption kinetic rate reaction is expressed as:           (t /qt) =(1/ K2 qe

2) + (1 / qe) t 
 ---------------------------------------------------(8) 
where k2 is the rate constant of pseudo-second order equation (g/ mg. h.).  
If the initial sorption rate h (mg/g.h) is:      h = k2 qe

2 ------------------------------------------------------
--(9) 
Then Eqs. (8,9)) become:  t/ qt = 1/h + (1/ qe) t  -------------------------------  ---------------------------
-(10) 
The kinetic plots of t/qt versus t for Pb2+ and UO2

2+ ions sorption at different temperatures are 
presented in Fig.7 (a,b). The relationship is linear, and the correlation coefficient (R2), suggests a 
strong relationship between the parameters and also explains that the process of sorption of each 
ion follows pseudo-second-order kinetics. From Table 3, it can be shown that the values of the 
initial sorption rate ‘h’ and rate constant 'K2' increased with increase in temperature. The 
correlation coefficient R2 has an extremely high value (>0.99), and its calculated equilibrium 
sorption capacity ‘qe’ is consistent with the experimental data. These results suggest that the 
Pseudo-second order sorption mechanism is predominant and that the over all rate constant of 
each ion appears to be controlled by the chemisorption process. 
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Fig.7: Pseudo second-order kinetic plots for the sorption of (a) Pb2+ and (b) UO2

2+ 
ions from aqueous solution by zirconia composite material. 

 
 
 
 
 
Table 3: The calculated parameters of the pseudo-second-order kinetic models for Pb2+ and 

UO2
2+ ions sorbed onto zirconia composite material. 

qe, mg/g h, mg/g hr k2, g/mg hr R2 
Temp, K 

Pb2+ UO2
2+ Pb2+ UO2

2+ Pb2+ UO2
2+ Pb2+ UO2

2+ 
298 38.12 68.21 88.03 284.9 0.02 0.03 0.99 0.99 
303 66.09 77.16 105.37 289.86 0.03 0.05 0.99 0.99 
318 87.49 97.18 184.84 291.54 0.06 0.06 0.99 0.99 

 
2.3.  Intraparticle Diffusion Model 

The intraparticle diffusion model, Morris and Weber model (18), is expressed as:  
                                                        qt = Kad t 1/2-----------------------------------------------------------------  

(11)             
where, Kad is the rate constant of intraparticle transport (mg/g .h1/2). 
According to this model, plotting a graphic of qt versus t1/2, if a straight line passing through the 
origin is obtained, it can be assumed that the involved mechanism is a diffusion of the species. In 
this case the slope of the linear plot is the rate constant of intraparticle transport. As can be seen in 
Fig.8(a,b), for times up to one hour, the Morris-Weber relationship holds good at all studied 
temperatures and the values of Kad were calculated, from the slope of the linear plots obtained, and 
presented in Table 4. 
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Fig.8: Morris-Weber kinetic plots for the sorption of (a) Pb2+ and (b) UO2

2+ ions 
from aqueous solution by zirconia composite material. 

 
Table4: Intraparticle diffusion rate constant for Pb2+ and UO2

2+ ions sorbed onto zirconia 
composite material. 

Kad, mg/g hr1/2 R2 
Temp, K 

Pb2+ UO2
2+ Pb2+ UO2

2+

298 18.44 10.21 0.97 0.98
303 33.62 12.06 0.97 0.99
318 43.38 16.82 0.98 0.95

 
2.4.  Homogeneous Particle Diffusion Model (HPDM) 

In this model, the rate-determining step of sorption is normally described by either a) 
diffusion of ions through the liquid film surrounding the particle, called film diffusion, or b) 
diffusion of ions into the sorbent beads, called particle diffusion mechanism. Nernst-Plank 
equation (19), which takes into account both concentration and electrical gradients of exchanging 
ions into the flux equation, was used to establish the HPDM equations. If the diffusion of ions 
from the solution to the sorbent beads is the slowest step, rate-determining step, the liquid film 
diffusion model controls the rate of sorption. In such case, the following relation can be utilized 
to calculate the diffusion coefficient: 

                                - ln (1 – X) = (3DC/ roδCr) t -------------------------------------------------
-(12) 

where C and Cr are the equilibrium concentrations of the ion in solution and solid phases, 
respectively, D is the diffusion coefficient in the liquid phase, X is the fraction attainment of 
equilibrium or extent of sorbent conversion, ro is the radius of the sorbent particle, δ is the 
thickness of the liquid film. If the diffusion of ions through the sorbent beads is the slowest step, 
the particle diffusion will be the rate determining step and the particle diffusion model could 
apply to calculate the diffusion coefficients. Then, the rate equation is expressed by:  

- ln (1 – X2) = (2Dr π2 / ro
2) t ---------------------------------------------------- 

(13) 
Where, Dr is the particle diffusion coefficient.  
The two previous model equations (Eqs. 12,13) were tested against the kinetic rate data of both 
Pb2+ and UO2

2+ ions sorbed onto zirconia composite material by plotting the functions of –ln(1-X) 
and ( )21ln X−−  against contact time. The straight lines that are obtained in the case of 

( )X−− 1ln  versus time does not pass through the origin indicating that the film diffusion model 



does not controls the rate of the sorption process. On the other hand, the straight lines of the plots 
of ( )21ln X−−  versus contact time, as shown in Fig.9(a,b), pass through the origin for both ions 
indicating that the particle diffusion model control the sorption processes at all studied 
temperatures. The values of Dr calculated for both ions are presented in Table 5. The magnitude 
of the diffusion coefficient is dependent upon the nature of the sorption process. For physical 
adsorption, the value of the effective diffusion coefficient ranges from 10-6 to 10-9 m2/s and for 
chemisorption, the value ranges from 10-9 to 10-17 m2/s (20). The difference in the values is due to 
the fact that in physical adsorption the molecules are weakly bound and therefore there is ease of 
migration, whereas for chemisorption the molecules are strongly bound and mostly localized. 
Therefore, from this research, the most likely nature of sorption is chemisorption since the Dr 
values are in the order 10-13 m2/s for both ions. This is in agreement with the pseudo-second order 
kinetic model. 
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Fig. 9: Plot of –ln(1-X2) as a function of time for the diffusion of (a) Pb2+ and (b) UO2

2+ from 
aqueous solutions onto zirconia composite material. 

Table 5: Diffusion coefficients for Pb2+ and UO2
2+ ions sorbed onto zirconia composite 

material. 
 

Dr x 10-13, m2/s  R2 
Temp, K 

Pb2+ UO2
2+ Pb2+ UO2

2+

298 4.496 0.797 0.997 0.980
303 5.147 0.957 0999 0.992
318 6.393 1.258 0988 0.952

Plotting of ln Dr versus 1/T gave straight lines, as shown in Fig.10, proving  the validity of the 
linear form of Arrhenius equation:  

                                         ln Dr = ln Do – (Ea/RT)---------------------------------------------------
- (14) 

where, Do is a pre-exponential constant analogous to Arrhenius frequency factor 
The energies of activation for both ions, Ea, were calculated from the slope of these 

straight lines in Fig. 10 and the obtained values were presented in Table 6. Such a low value of 
the activation energy for the sorption of each metal ion indicates a chemical sorption process 
involving weak interaction between sorbent, zirconia composite material, and sorbate, Pb2+ and/or 
UO2

2+ ions and suggests that each sorption process has a low potential energy. The Arrhenius 
equation would be also used to calculate D0 which in turn is used for the calculation of entropy of 
activation (∆S*) of the sorption process using (21): 

                            Do = (2.72 d2 KT/h) exp(∆S*/R)  ----------------------------------------------
(15) 
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Fig. 10;  Arrhenius plots for the particle diffusion coefficients of Pb2+ and UO2

2+ ions sorbed 
onto zirconia composite material. 

 
where, K is the Boltzmann constant, h is the Plank constant, d is the distance between two adjacent 
active sites in the solid matrix, R is the gas constant, and T is the absolute temperature. Assuming that 
the value of d is equal to 5x10-8 cm (21), the values of ∆S* for both ions were calculated and presented 
in Table 6. The negative values of entropy of activation obtained for the sorption of both metal ions 
normally reflect that no significant change occurs in the internal structure of the solid matrix during 
the sorption of ions (21). 
The Gibbs free energy of activation, ∆G* , was calculated from the well known equation (22): 
                                  ∆G* = ∆H* - T∆S* = (Ea – RT) – T∆S*-------------------------------------------  
(16) 
where, ∆H* is the enthalpy of activation. The estimated values of ∆H* and ∆G* are  presented in 
Table 6. The positive ∆G* values suggest the existence of an energy barrier and that the reaction 
is a non-spontaneous process (22). The positive values of ∆H* indicate the endothermic nature for 
the diffusion process. The increase in values of the kinetic parameters with increasing 
temperature is mainly due to i) the increase of the mobility of the ion and a decrease in retarding 
forces acting on the diffusing ion; and ii) a consequence of the effective size of ion caused both 
by a decrease of the ion hydration shell and a reduction of the limitation for diffusion in the inner 
part of the pore system arising from a decrease in the effective radius (23,24). 
 
Table 6 Kinetic and thermodynamic parameters for the sorption of Pb2+ and UO2

2+ ions onto 
zirconia composite material. 

Metal Ion Do, m2/s Ea, kJ/mol ∆S*, J/mol K ∆G*,KJ/mol ∆H*,KJ/mol
Pb2+ 1.19 x10 -10 13.87 -163.67 47.59 11.30 

UO2
2+ 1.11 x10 -10 17.97 -177.34 51.78 15.41 

CONCLUSION 
 

Zirconia composite material chemically prepared in a previous paper and characterized using 
DTA-TGA, XRD and SEM measurements was tested as adsorbent material for the removal of 
lead and uranyl ions from aqueous solution. The kinetics of sorption of these ions was 
experimentally studied and the obtained rate data were analyzed using the pseudo second order, 
intraparticle diffusion and homogeneous particle diffusion kinetic models. Based on the values of 
the correlation coefficient (R2) obtained for all tested models, both pseudo second-order and 



PHDM models were found to best correlate the rate kinetic data of both ions. The magnitudes of 
the particle diffusion coefficients of both ions are in the order of 10-13 m2/s indicating a 
chemisorption nature for the sorption processes. The values of Ea obtained are < 42 KJ/mol, 
indicating a diffusion-controlled process and based on ∆S* values, the sorption reaction of each 
studied ion is an associative mechanism. 
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