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ABSTRACT  

Encapsulation of bentonite-Ca-alginate was employed for discharge of Cs+, Sr2+, UO2
2+ and Co2+ 

from aquatic solution. Preferable pH for elimination of these ions was 5.5. For radiation stability, 

bentonite-Ca-alginate was investigated; a 60Co source was used to expose it to gamma radiation. Data 

obtained from (FT-IR) assessed radiation-induced effect on a stability of bentonite-Ca-alginate. 

Irradiated samples untill 100 kGy do not impair an absorption of an ions examined. In a column 

application, bentonite-Ca-alginate composite beads were examined for the discharge of these ions 

from multicomponent solution using fixed-bed column. Effect on column output of various 

parameters, like bed height, flow rate and initial inlet concentration were investigated. The column 

performance was 49, 46, 47 and 46.6% for Cs+, Sr2+, UO2
2+ and Co2+, respectively at flow rate of 

0.5mL/min, 3cm bed depth and initial metal concentration, 50mg/L for each element. Thomas and 

Yoon-Nelson models identified a breakthrough curves, which successfully predict breakthrough 

adsorption curves. 
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1. INTRODUCTION 

From point view of health, nuclear waste 

dumping has a significant concern. 

Environmental contamination is induced by 

toxic emissions emanating from operation and 

maintenance of nuclear power plants, nuclear 

weapons testing, and nuclear medicine. Huge 

quantities of radioactive products, like Cs+, 

Sr2+, UO2
2+ and Co2+, have been released into 

the environment, resulting in significant 

pollution of surface water and soil particles. 

Cesium (137Cs) enhanced as a consequence of 

nuclear accident is considered one of 

environmental precarious elements because of 

its half-life (30.4 years). Among the most 

prevalent radionuclides found in radioactive 

liquid waste (LRW) is strontium-90, that can 

easily replace calcium and cause leukaemia, 

anaemia and other diseases when it reaches the 

human body. Uranium can get in an 

environment through the extraction, processing 

and use of uranium, causing hazards to the 

ecological environment and human health as a 

consequence of chemical toxicity and 

radioactivity [1]. 60Co is considered among the 

most extreme environmental radionuclides. 

Several health problems can be produced from 

higher cobalt concentrations [2-3]. In recent 

centuries, a major interest has been dedicated to 

looking for environmentally friendly, 

sustainable and low-cost technologies for 

pollutants removal from wastewater. Bentonite 

belongs to the group of clay minerals which are 

layered structures with large surface area, high 

capacity (CEC), and good chemical and 

mechanical stability that predispose them as 

good adsorbent [3]. Bentonite cannot be 

directly applied in fixed-bed columns because 

http://doi/
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they lead to blocking the column. A 

revolutionary alginate microcapsule enclosing 

bentonite was developed for removing these 

ions from multicomponent solution to resolve 

the aggregation for bentonite clay flacks in 

column. [4]. Therefore, Wastewater care should 

be established to block these contaminants risk 

on an environment and public health. Hence, 

this work focused on using the encapsulating 

bentonite-Ca-alginate as a sorbent material for 

discharge of Cs+, Sr2+, UO2
2+ and Co2+ from 

multicomponent solution utilizing a fixed-bed 

column. Impact of significant parameters, 

including impact of bed depth, flow rate, and 

concentration of metal ions, was inspected and 

compared with Thomas and Yoon-Nelson 

model predictions. Zero point charge detection 

of sorbent material was analyzed. It 

investigated gamma irradiation impact on 

structure and a removal efficiency at 25±10C of 

sorbent used. 

2. EXPERIMENTAL 

2.1. Materials 

All reagents are of analytical quality and 

without cleansing further. Cobalt nitrate, 

Calcium chloride and sodium alginate with 

purity 99.8% were purchased from Prolabo 

Pure Chemical Ind. Cesium nitrate and 

Strontium chloride of purity 99.9% were 

purchased from Fluka. Uranyl nitrate, 

UO2(NO3)2.6H2O, of purity equals 98% was 

bought from BDH. The solution's pH was 

adiusted, using HCl and/or NaOH which were 

purchased from Porlabo, using CG-820 Schott 

Gerate pH meter, Germany, of accuracy ± 0.01. 

Double-distilled water was utilized for all tests. 

2.2. Bentonite-alginate Preparation 

Bentonite-Ca-alginate composite was 

synthesized and characterized confirming to the 

procedure described in a previous work Abou-

Lilah et al. [4]. Preparation of dissolved 

bentonite suspension was a first stage. 

Bentonite suspension sample was combined 

with a 3 percent NaALG solution for around 2 

hours by a high speed agitator. An obtained sol 

was dropped wise into 2% CaCl2 solution out 

of a 0.3-mm medical needle. The formed 

pellets were gently stirred in the CaCl2 solution 

for 3 h to get hardened, and then they were 

separated, three folds washed with pure water, 

and dried at 40±10C for 24h. Identification of 

synthesized composite was confirmed in the 

previous work [4].  Bentonite-Ca-alginate 

surface is loose in the SEM picture and uniform 

with modest porosity. Further, the loading of 

alginate on bentonite is very clear. FT-IR 

spectra demonstrated the characteristic peak of 

bentonite-Ca-alginate which clarifies that 

almost all peaks of the raw bentonite exist in 

the bentonite-Ca-alginate spectrum, with some 

considerable shifts. This result attributed to that 

the reaction merely through some ion exchange 

(IX) mechanisms. Those IX reactions protect 

the pattern and the main occupational groups of 

bentonite and alginate [5]. 

2.3. Adsorption Studies 

An optimum pH value for discharge of 

50±1mg/L Cs+, Sr2+, UO2
2+ and Co2+ from 

multicomponent solution using bentonite-Ca-

alginate gel beads was examined in a range 

from 1-7 and adjusted by a few drops of dilute 

NaOH or HCl by pH meter of accuracy ± 0.01. 

Sorbent Removal efficiency before and after 

irradiation to different γ-radiation doses was 

investigated. Experiments were accomplished 

in glass bottles containing equal volumes, 5 ± 

0.05 mL, of 50 ± 1 mg/L Cs(I), Sr(II), U(VI) 

and/or Co(II) ions solutions in aqueous medium 

with 0.05 g bentonite-Ca-alginate. Bottles were 

capped and agitated with a mechanical shaker 

at room temperature. Samples were gathered at 

the expected equilibrium and their 

concentrations were calculated. Initial and final 

concentrations of Cs(I), Co(II) and Sr(II) ions 

in liquid phase were determined after phase 

separation by centrifugation using (AAS). 

Initial and final uranium ion concentration was 

analysed using a standard Arsenazo (III) [6] 

using Shimadzu UV-vis spectrophotometer 

model UV-160A, Japan. Uptake was 

computerized from a following equation [7]: 

o e

o

C - C
Uptake =           (1)

C  

Where Co and Ce are concentrations from 

each metal ions in initial and final solutions, 

respectively. Zero point charge of bentonite-

Ca-alginate was defined by shaking a series of 

50 mL bottles containing 0.1g of the granulated 

composite and 10 mL from 0.1M NaCl its pH 

was varied from 1to 11using 0.1M HNO3 and 

0.1M KOH for 24h at room temperature. The 

final recording supernatant pH was noted, and 

efficiency of the removal after irradiating 

sample to different γ-radiation doses. 
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2.4. Column Studies 

A glass column of 10.0 cm in length and 

1.0 cm in inner diameter packed with bentonite-

Ca-alginate beads, to overcome the aggregation 

for bentonite clay flask as a fixed bed column 

and supplied with a constant-flow changeable 

speed peristaltic pump for the discharge of Cs+, 

Sr2+, UO2
2+ and Co2+ in multicomponent 

solution. Before an adsorption process, the 

column was conditioned with bidistilled water 

for approximately 20 min. Impacts of process 

parameter such as different total metal ions 

concentrations (200, 400, and 800 mg/L), bed 

depth (3, 6, and 8 cm) and flow rates (0.5, 1.5, 

and 2 mL/min) at optimum pH were studied. 

Effluents were sampled at intervals and 

analyzed using AAS (Buck scientific model 

VGP 210) (for Cs(I), Co(II) and Sr(II)) and a 

Shimadzu, UV/visible recording 

spectrophotometer type UV-160A (for 

uranium). In addition, total adsorbed quantity 

for a component i (qtotal,i, mg) calculated as 

follows [8]: 

t=tot t=tot

tot ads o

t=0 t=0

Q Q
q = C dt= (C - C) dt     (2)

1000 1000 
 

Where Q is a flow rate, mL/min, t is time, 

min, t total is a total time for a column to be 

saturated, min, Co,i and Ci are inlet and outlet 

concentrations (mg/ L) of a component i, 

respectively. Also, an effluent volume (Ve, mL) 

that is a solution volume passed through 

column in time te is computed as follows: 

eff effV =Q×t         (3)  

The maximum column adsorption capacity 

(qmax, i) calculated by dividing a quantity of 

adsorbed ions (qtotal,i) by mass of bentonite-

alginate in the bed (g) [9]. 

Total amount for component i sent to a 

column (mtotal,i, mg) the removal percent 

(column performance), Ri, of a component i 

and the total removal percent (Rtotal) for 

multicomponent solution computed as 

follow[10-12]: 

eff
tot o

V
m =C     (4)

1000 ,
total,i

i

total,i

q
R =      (5)

m
,

,

,

  (6)
total i

total

total i

q
R

m
=

  

3. RESULTS AND DISCUSSION 

3.1. Determination of charge at zero point 

That pH from which zero value was taken 

from sorbent surface charge is known as the 

zero charge point (pHzpc). A charge of a 

positive surface sites equals that of negative 

ones at this pH. A pHzpc information helps us 

to hypothesize an ionization of functional 

groups and their interaction with metal forms in 

solution; a sorbent surface is negative in a 

charge with solution pHs higher than pHzpc 

which could communicate with positive metal 

species, while solid surface is positively 

charged at pHs smaller than pHzpc and could 

communicate with negative species [13-16]. 

ZPCs of bentonite-Ca-alginate was calculated 

by plotting ∆pH versus initial pH, a pH curve 

intersected at a point that gave zero point 

charge of 8 for bentonite-alginate as illustrated 

in Fig. (1).This result is in agreement with the 

value obtained by Dong-Su Kim [17]. 

3.2. pH Studies 

PH Influences of a removal efficiency, Eq. 

(2), of 50 ± 1 mg/L of Cs+, Sr2+, UO2
2+ and 

Co2+ onto 0.05 g of bentonite-Ca-alginate was 

studied from 1 to 7, Fig. (2). It's possible to see 

that sorption of Cs+, Sr2+, UO2
2+ and Co2+ onto 

bentonite-Ca-alginate is markedly pH-

dependent. It is evident that uptake was low at 

lower pH for all investigated ions. This is 

clarified by the competition of protons for sites 

on the sorbents at lower pH which the surface 

become less negative owing to an existence 

excess of H+ protons. Values of uptake were 

raised with increasing initial pH value, this 

attributed to that a positive charge decreases on 

a surface as pH increases, and this would cause 

lower repulsion of the adsorbed ions [18]. The 

higher removal efficiency values were occurred 

at initial pH of 5-6. The next experiments 

carried out at pH 5.5. Maximum sorption 

capacities of modified bentonite were 

accomplished at lower values of ZPC (8). This 

results because of second type of surface 

functional groups on montmorillonite 

interacting with cations are structural-charge 

surface sites (substitution of Al3+ for Si4+ within 

the tetrahedral surface layer) [19]. Surface Sites 

of Structural-charge carry a permanently 

negative charge to isomorphic substitutions in 

tetrahedral and octahedral layers and 

independent on pH [17]. This sort of sites, 
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hereinafter pointed to as X layer sites, lead rise 

to the exchange capacity observed in clay 

minerals. Their chemical reactivity is mainly 

due to ion exchange reactions occurring at 

these sites. 

 

3.3. Impact of gamma irradiation on sorption 

behavior  

3.3.1. Fourier transforms infrared 

spectroscopy  

Gamma irradiation effects on a structure of 

bentonite-Ca-alginate was estimated by 

irradiating the sample to 60Co gamma source, 

up to radiation doses of 25, 50, and 100 kGy, 

respectively. Fig. (3), illustrated impact of dose 

exposure on a surface functional groups of an 

irradiated patterns which indicates there is 

slightly difference between original and 

irradiated samples and the radiation-induced 

raise in intensity of several of the peaks present 

including those at 3600-3200cm-1, 1600cm-1 

and 1000cm-1 for bentonite-Ca-alginate since 

the bands increase at 25kGy, decreased at 

50kGy and then increased again at 100kGy. 

This alteration in an intensities of these bands 

could be utilized to monitor a mentioned ions 

loading of bentonite-Ca-alginate and though the 

applicability of this concept would have to be 

studied further as is postulated by Zhaoyi et al 

[20]. 

3.3.2. Impact of gamma irradiation on a 

sorbent's removal efficiency  

Removal efficiency of origin and irradiated 

bentonite-Ca-alginate for Cs+, Sr2+, UO2
2+ and 

Co2+ at optimum conditions are given in 

Fig.(4). The findings suggested that irradiated 

samples untill 100 kGy has a marginal 

influence on an uptake of four ions. This result 

as that obtained by Holdsworth et al. on Cs+ 

uptake [21].  There are slightly raise in a 

removal efficiency after irradiation due to γ-

irradiation causes partial reduction of trivalent 

iron to a divalent state due to hydrogen radicals 

production from a radiolysis of interlayer water 

which increase uptake as reported by Gournis 

et al [22].  

 (H2O) interlayer γ-rays H., OH 

 Fe3+ + H.↔Fe2++H+  

           
Fig. 2. Effect of pH on the removal 

efficiency of Bentonite-Ca-alginate. 

Fig. 1. Zero point charge of 

Bentonite-Ca-alginate. 

  
Fig. 3.  FITR spectra of original and irradiated Bentonite-Ca-alginate. 
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Fig. 4.  Effect of gamma radiation on the removal 

efficiency of bentonite-Ca-alginate. 

 

3.4. Column studies 

Parameters such as bed height, flow rate, 

and initial inlet concentration are important in 

column design. Their influence on shape of 

breakthrough curve of column adsorption 

operation for of Cs+, Sr2+, UO2
2+ and Co2+  

adsorption from multicomponent solution onto 

modified bentonite (bentonite-Ca-alginate 

composite beads) at pH 5.5 were investigated. 

3.4.1. Influence of initial inlet concentration 

Impact of various initial concentrations of 

an influent on column performance of 

bentonite-Ca-alginate composite beads at 

constant other experimental condition, flow rate 

of 0.5 mL/min, bed depth of 3.0 cm and pH of 

5.5, was examined by varying ion 

concentrations 50-200mg/L from each ion. Fig. 

(5(a-d)), illustrated that when a total initial 

concentration of an influent increased from 50-

200 mg/L, breakthrough time decreased. 

However, as seen in the Table (1), values of 

qtotal, and the breakthrough adsorption capacity 

increased. This behavior demonstrated that a 

change of concentration has significant affects 

the saturation rate and breakthrough time [23]. 

This could be because of that a possibility of a 

greater number metal ions number in solution 

and more adsorption sites of bentonite-Ca-

alginate sorbents were being covered at higher 

impact concentration and lower concentration 

gradient between liquid and solid phases caused 

slower transport that a decreased coefficient of 

mass transfer [24].Breakthrough curves are 

sharper, steeper and shifted to an origin for 

metal ions with used sorbent with rising 

influent concentration because an active sites of 

bentonite-Ca-alginate fixed-bed system is 

saturated more rapidly at higher initial 

concentrations, time to reach both a 

breakthrough and exhaustion point is decreased 

[25-26]. Amount of Cs+, Sr2+, UO2
2+ and Co2+ 

ions adsorbed in a multicomponent system was 

found to increase with rising an initial 

concentration of metal ions from 50 to 200 

mg/L however, column performance decreased, 

as recorded in Table (1). Increasing influent 

concentration caused treated effluent volume 

and total mentioned ions removal to decrease. 

[25, 12, 27].  

3.4.2. Effect of bed depth  

Breakthrough curves of bentonite-Ca-

alginate was operated at different bed depths 

(3.0, 6.0, and 8.0 cm) at constant influent 

concentration of Cs+, Sr2+, UO2
2+ and Co2+ 

mixture equal 50mg/L from each metal ions, 

flow rate of 0.5 mL/min and pH 5.5. Generally, 

breakthrough time and the exhaustion time for 

the investigated ions adsorption are raised with 

increasing a bed depth from 3 to 8 cm as 

illustrated in Fig. (6(a-d)) as is confirmed in 

literature [28]. Data in Table (2) demonstrated 

that as the height of adsorption mass increase 

the adsorption capacity increase however, slope 

of breakthrough curve decreases this behavior 

as a consequence of an increase in a surface 

area of sorbent which, availability of more 

active site increase [29]. A higher height of bed 

reveals a larger amount of adsorbent residing in 

the column, which suggests that there are also 

further binding sites accessible. The time for a 

metal ions to disperse through an entire 

material bed is not adequate at a lowest bed 

height, allowing a shorter breakthrough time to 

occur. [30-32, 12]. 

3.4.3. Flow rate Impact 

Feed flow rate is one of an important 

parameters that could affect retention capacity 

in fixed-bed experiments, especially for a 

continuous process at a manufacture scale 

[33].The influence of flow-rate on retention for 

component (Cs+, Sr2+, UO2
2+ and Co2+) onto 

bentonite-Ca-alginate composite adsorbents in 

a column from multicomponent solution was 

investigated about various flow rates from 0.5 

to 2.0 mL/min with a bed depth 3.0 cm, Co of 

50 mg/L of each ion and pH of 5.5. Fig. (7(a-

d)) illustrated breakthrough curves at different 

flow rates for Cs+, Sr2+, UO2
2+ and Co2+ 

adsorption from multicomponent solution. At 

higher influent rate, ions had short time to be in 

contact with adsorbent, in which led to a lower 
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uptake for an influent ions in column with 

ultimately shortened breakthrough time and 

exhaustion time [34-36, 30]. Amount of 

component i (qtotal,i, mg) adsorbed can be 

detected by numerical integration of an area 

under a curve as defined in Eq(6). Rising flow-

rate from 0.5 to 2.0 mL/min, a breakthrough 

time reduced, hence a relation is inversely, 

suggesting a longer column life with a longer 

contact time. Accordingly, from data in Table 

(3), and the corresponding breakthrough 

capacity is effected by the rate of flow rate of 

the influent. As a result a total amount of 

adsorbed ions, qtotal, also decreased as the flow 

rate increased. The possible explanation may be 

that, at higher flow rates, the contact time 

between the metal ions and an active sites at an 

internal and external surfaces of an adsorbent is 

too short, resulting in a decrease in an 

adsorption capacity and removal efficiency of 

an investigated ions and, conversely, a low 

influx flow rate [12]. From Eq. (6) it has the 

capacity to calculate and record a total removal 

percentage of a multicomponent solution of 

four ions in a multicomponent system in Table 

(6). Total quantity adsorbed of four ions in 

multicomponent system can be computed by 

sum of quantity adsorbed from each metal ion. 

Curves of steep breakthrough were noticed at 

higher flow rates, which caused breakthrough 

time and exhaustion to occur earlier. At lowest 

flow rate of 0.5 mL/min, both highest ions 

uptake and highest bed retention capacity at 

breakthrough is obtained (Figures. (5-7) and 

Tables (1-3). 

3.5. Dynamic adsorption models for Column 

Studies 

Breakthrough curve modelling explains the 

efficiency of a fixed-bed column process and a 

promising concept that is required for 

expectation of a time-of-concentration profile 

and retention capacities under different 

operating conditions Below, two simple models 

are described, Thomas and Yoon-Nelson 

models. 

3.5.1. Thomas model 

Thomas model [37] suppose plug flow 

manner in bed and employs second-order 

reversible reaction kinetics and Langmuir 

isotherm for equilibrium [35]. This model is 

acceptable for adsorption procedures where no 

constraints on external and internal diffusion 

exist and for a breakthrough curves 

expectation. A following equation describes 

linear form of Thomas model:  

 

tkC
Q

kmq
)1

C

C
ln( i.Tho

i.Thi.Th

o

i −=−  (7) 

Where kTh,i is a Thomas kinetic coefficient 

(mL/min.mg) for component i and qTh,i is an 

adsorbed quantity for component i (mg/g). 

Thomas parameters kTh and qo could be 

estimated from slope and intercept of the plot 

between Ln ((Co, /Ct)-1) against t, respectively 

[38-39]. Fig. (8(a-d)) Displayed a Thomas 

models and a model parameters along with 

correlation factors and represent in Table (4) 

for bentonite-Ca-alginate. Values of qTh raise 

with increasing influent concentration and bed 

depth [40]. This behavior may be clarified by a 

high concentration of influence causes an 

increased driving force for a mass transfer and 

enhances value of capacity and high bed depth 

provide high retention active sites and longer 

contact time [41-42, 38, 33].  In contrast, as an 

adsorption and diffusion times are declined by 

increasing flow rate, values of capacity are 

reduced. Otherwise, a values of Thomas rate 

constant, kTh decreases with rising flow rate and 

influent concentration but increased with rising 

bed depth. A good linear correlation factor, R2 

(ranging from 0.91-0.98 for Cs(I), Sr(II), U(VI) 

and Co(II) retention from multicomponent 

solution onto bentonite-Ca-alginate indicates 

the good fitting of Thomas model with 

experimental breakthrough curve [43]. 

3.5.2. Yoon-Nelson model 

A basic theoretical model developed by 

Yoon-Nelson. This model is based on an 

assumption that a rate of reduction in a 

possibility for adsorption for any adsorbate 

molecule is relative to a possibility for 

adsorbate adsorption and adsorbate adsorbent 

breakthrough [44]. This model was utilized to 

investigate breakthrough behavior of Cs+, Sr2+, 

UO2
2+ and Co2+ in multicomponent solution on 

bentonite-Ca-alginate. Yoon-Nelson linear 

form equation is formulated as follows:  
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Fig. 5.  Effect of metal ion concentration on the breakthrough curve for (a) Cs+, (b) Sr2+, (c) UO2

2+ and (d) 

Co2+ onto bentonite-Ca–alginate at pH=5.5, flow rate = 0.5 mL/min and bed depth 3 cm. 
 

 

 

Fig. 6. Effect of bed depth on the breakthrough curve for (a) Cs+, (b) Sr2+, (c) UO2
2+and (d) Co2+ onto 

bentonite-Ca–alginate at pH=5.5, metal ion concentration of 50mg/L form each element and flow 

rate=0.5mL/min. 

 

    

Fig. 7.  Effect of flow rate on the breakthrough curve for (a) Cs+, (b) Sr2+, (c) UO2
2+ and (d) Co2+ onto 

bentonite-Ca–alginate at pH=5.5, metal ion concentration of 50 mg/L of each ion and bed depth 3 cm. 
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Table 1. Breakthrough capacity, total quantity sorbed, and Column performance for   sorption of Cs+, Sr2+, UO2
2+ 

and Co2+ by encapsulated bentonite-Ca–alginate at bed depth of 3 cm, flow rate of 0.5 mL/min and different metal 

ion concentrations. 

 
 

Metal 

ion 

Concenteration, 

mg/L 

Capacity, 

mg/g 

qtotal, 

mg 

mtotal, 

mg 

Column performance, 

% 

Cs+ 50 

100 

200 

22.5 

27.1 

43 

18.52 

22.4 

25 

37.8 

55 

64 

49 

44 

39 

Sr2+ 50 

100 

200 

16.6 

19 

32 

14.5 

17 

20 

31.5 

42.5 

55.6 

46 

40 

35 

UO2
2+ 50 

100 

200 

20 

33 

40 

16 

18.5 

21 

34 

44 

56.8 

47 

42 

37 

Co2+ 50 

100 

200 

19.4 

31.6 

39 

15.6 

17.8 

20.6 

33.4 

43.4 

56.7 

46.7 

41 

36.3 

 

 

Table 2.  Breakthrough capacity, total quantity sorbed and column performance for sorption of Cs+, Sr2+, UO2
2+ 

and Co2+ (50mg/L form each element) by encapsulated bentonite-Ca–alginate at flow rate of 0.5 mL/min and 

different bed depths. 
 

Metal 

ion 

Bed depth, 

Cm 

Capacity, 

mg/g 

qtotal, 

mg 

mtotal, 

mg 

Column 

performance, % 

Cs+ 3 

6 

8 

22.5 

23 

24.1 

18.52 

25 

29 

37.8 

43.1 

43.7 

49 

58 

66.3 

Sr2+ 3 

6 

8 

16.6 

17.5 

18 

14.5 

16.2 

19 

31.5 

32.2 

35 

46 

50.3 

54 

UO2
2+ 3 

6 

8 

20 

22 

23.2 

16 

19.3 

21 

34 

36 

34.4 

47 

53.6 

61 

Co2+ 3 

6 

8 

19.4 

21.3 

22.7 

15.6 

18.1 

19.7 

33.4 

34.3 

33.4 

46.7 

52.7 

59 

 

 

Table 3. Breakthrough capacity, total quantity sorbed and column performance for sorption of Cs+, Sr2+, 

UO2
2+and Co2+ (50 ppm form each element) by encapsulated bentonite–alginate at bed depth of 3 cm and different 

flow rates. 
 

 

Metal 

ion 

Flow rate, 

mL/min 

Capacity, 

mg/g 

qtotal, 

mg 

mtotal, 

mg 

Column performance, 

% 

Cs+ 0.5 

1.5 

2 

22.5 

10.6 

7.3 

18.52 

9.6 

7.8 

37.8 

21.3 

19.8 

49 

45 

39.3 

Sr2+ 0.5 

1.5 

2 

16.6 

7.6 

4.4 

14.5 

8.2 

4.7 

31.5 

20.5 

14.2 

46 

40 

33 

UO2
2+ 0.5 

1.5 

2 

20 

9.3 

6.5 

16 

9.8 

7 

34 

23.3 

19.4 

47 

42 

36 

Co2+ 0.5 

1.5 

2 

19.4 

9 

5.9 

15.6 

9.2 

5.7 

33.4 

23 

16.6 

46.7 

40 

34.3 
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Where kYN,i and τi are Yoon-Nelson rate 

constant for component i (min-1 ) and time 

needed for retaining 50 percent of Co for 

component i concentration (min), respectively. 

Yoon-Nelson parameters are evaluated from 

Linear Graph of Ln[Ct/(Co - Ct)] versus t , as 

displayed in Fig. (9(a- d)). Table (5) shows that 

rate constant values kYN increased with rising 

flow rate and influent concentration but the 

50% breakthrough time τ decreased due to 

rapid saturation by rising inlet concentration 

and flow rate [45] Whereas, a values of kYN 

decreased as a volume of bed increased, but a 

values of τ increased due to enhancement of a 

binding site [46-47].The values of τYN are 

similar to experimental results and a good 

linear correlation factors (R2) values of this 

model are relatively higher (> 0.9), which 

conclude that fitting of this model for retention 

of Cs+, Sr2+, UO2
2+ and Co2+ from 

multicomponent solution onto bentonite-Ca-

alginate composite. As illustrated from Tables 

(4) and (5) it is noticed that good linear 

correlation factors (R2) values of Thomas and 

Yoon-Nelson models therefore, two models are 

found as well fitted models for investigated 

ions adsorption system. Finally, bentonite-Ca-

alginate composite is an instance of an 

environmentally friendly and low cost sorbent 

for hazardous ions. This work concludes that 

bentonite-Ca-alginate stable up to radiation 

doses of 100 kGy and could be utilized for 

discharge of Cs(I), Sr(II), U(VI) and Co(II) 

from aquatic solution.  

 

Fig. 8. Thomas model plots for adsorption of (a)Cs+, (b)Sr2+, (c) UO2
2+ and (d)Co2+ by encapsulated 

bentonite-Ca-alginate at pH=5.5, at different conditions. 
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Fig. 9. Yoon-Nelson model plots for adsorption of (a)Cs+, (b)Sr2+, (c) UO2
2+ and (d)Co2+ by encapsulated 

bentonite-Ca-alginate at pH=5.5, at different conditions. 
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Table 4. Thomas model parameters for the sorption of Cs+, Sr2+, UO2
2+ and Co2+ onto bentonite-

Ca-alginate composite beads. 

 
 

Parameters 
 

Concentration, 

mg/L 

Flow rate, mL/min  

 

Bed depth,  

cm 

50 100 200 0.5 1.5 2 3 6 8 

 

 

 

Cs+ 

KTh, 

mL/mg/min 
0.21 0.16 0.1 0.21 0.63 0.82 0. 21 0.2 0.18 

qTh (cal.), 

mg/g 
12.2 15 22.9 12.2 11.4 10.8 12.2 13.7 17.7 

R2 0.93 0.93 0.92 0.90 0.92 0.92 0.92 0.92 0.90 

 

 

Sr2+ 

KTh, 

mL/mg/min 
0.43 0.32 0.19 0.43 0.73 0.87 0.43 0.3 0.24 

qTh(Cal.), mg/g 7.75 9.2 12.5 7.75 7.7 7.6 7.75 10.7 13.6 

R2 0.92 0.94 0.92 0.91 0.92 0.98 0.93 0.88 0.90 

 

 

UO2
2+ 

KTh(mL/mg/

min) 
0.3 0.23 0.13 0.3 0.78 0.8 0.3 0.24 0.2 

qTh(Cal.), mg/g 11.4 12.8 20.5 11.4 9.88 9.5 11.4 13.7 17 

R2 0.93 0.95 0.92 0.92 0.97 0.95 0.91 0.91 0.89 

 

 

Co2+ 

KTh(mL/mg/

min) 
0.23 0.18 0.1 0.23 0.6 0.8 0.23 0.2 0.18 

qTh(Cal.), mg/g 11 12.8 19.6 11 10.3 10.2 11 13.5 15.8 

R2 0.92 0.92 0.91 0.91 0.92 0.93 0.92 0.91 0.89 

 
 

 

Table 5. Yoon-Nelson model parameters for the sorption of Cs+, S2+, UO2
2+ and Co2+ onto 

bentonite-Ca-alginate composite beads. 

 
 

Parameters 
 

Inlet Concenteration 

(mg/L) 

Flow rate  

(mL/min) 

Bed Hight 

(cm) 

50 100 200 0.5 1.5 2 3 6 8 

 

 

 

Cs+ 

KYN 0.011 0.017 0.025 0.011 0.029 0.035 0.011 0.01 0.0098 

τ, min 496.5 309.4 227.2 496.5 147.6 106.7 496.5 589 752 

texp, min 480 300 202 480 160 110 480 570 810 

qYN, mg/g 12.4 15.5 22.7 12.4 11.06 10.07 12.4 14.8 18.8 

R2 0.90 0.89 0.85 0.90 0.93 0.94 0.90 0.89 0.80 

 

 

Sr2+ 

KYN 0.021 0.033 0.039 0.021 0.036 0.044 0.021 0.014 0.0127 

τ, min 317 182.6 126.4 317 102.8 80.7 317 434 510.2 

texp, min 350 190 130 350 110 80 350 490 640 

qYN, mg/g 7.9 9.13 12.6 7.9 7.7 7.6 7.9 10.9 12.8 

R2 0.92 0.93 0.92 0.92 0.92 0.97 0.93 0.84 0.82 

 

 
UO2

2+ 

KYN 0.015 0.024 0.028 0.015 0.03 0.043 0.015 0.012 0.01 

τ, min 416 257.9 205.4 416 125.3 101.2 416 541 709 

texp, min 460 280 240 460 140 110 460 610 800 

qYN, mg/g 10.4 12.9 20.5 10.4 9.4 9.2 10.4 13.5 17.7 

R2 0.92 0.95 0.89 0.94 0.92 0.95 0.95 0.90 0.91 

 

 

Co2+ 

KYN 0.012 0.019 0.021 0.012 0.029 0.04 0.012 0.0115 0.0113 

τ, min 425.8 255.6 195.2 425 136.2 96.3 425 531.6 639 

texp, min 450 260 220 450 130 90 450 560 680 

qYN, mg/g 10.6 12.7 19.5 10.5 10 9.6 10.5 13.3 15.9 

R2 0.92 0.92 0.86 0.91 0.94 0.95 0.91 0.92 0.86 
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CONCLUSION 

Encapsulated bentonite-Ca-alginate 

composite beads is considered as low cost 

sorbent potential for an industrial application 

and was utilized for dislodge Cs(I), Sr(II), 

U(VI) and Co(II) from aquatic solution. 

Appropriate pH value was desired at pH 5.5. 

ZPC of bentonite-Ca-alginate is approximately 

8 as reported with others. Irradiated bentonite-

Ca-alginate untill 100 kGy has a negligible 

impact on dislodge the four ions and a structure 

of bentonite-Ca-alginate. Among the most 

technological challenges in an adsorption 

domain was to examine a column performance 

of bentonite-Ca-alginate composite beads for 

Cs+, Sr2+, UO2
2+ and Co2+ discharge 

(multicomponent solution). Column 

performance for bentonite-Ca-alginate 

composite beads was examined for removal of 

Cs+, Sr2+, UO2
2+ and Co2+ from multicomponent 

solution. These findings conclude that modified 

bentonite have a good adsorption capacity for 

discharge of Cs+, Sr2+, UO2
2+ and Co2+ from 

multicomponent solution with high affinity in 

an order Cs+> UO2
2+>Co2+>Sr2+. Results 

suggested that initial metal ion concentration, 

bed depth height and flow rate affect a sorption 

process. Thomas and Yoon-Nelson models 

have been successfully used to estimate a 

breakthrough curve for adsorption, implying 

that they are very suitable for columns 

modeling of bentonite-Ca-alginate beads. These 

finding suggest that modified bentonite has a 

strong capability to absorb Cs+, Sr2+, UO2
2+ and 

Co2+ from a high sorption-affinity multi-

component solution with high affinity for 

sorption of Cs+. 
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نمذجة الإمتزاز الديناميكي لبعض العناصر الخطرة من 

 علي حبيبات كالسيوم ألجينات البنتونيت  ول مائيمحل

مصطفي   -د رزق*ي هدي الس-*ريهام عبدالكريم إبراهيم أبوليله

  -امال محمد علي* -مد جمالمح عزة -عبدالمنعم الشوربجي*

  نجوي عبدالفتاح بدوي

 جامعة الأزهر  -)بنات( لومكلية الع -قسم الكيمياء

هيئة الطاقة  -لمعامل الحارةمركز ا -قسم تكنولوجيا الوقود النووي*

 الذرية 

الي   العمل  هذا  المشعةيهدف  النفايات  طريق    معالجة  عن 

لإ الألجينات  مع  البنتونيت  متراكب  بعضاستخدام    الأيونات   زالة 

متراكب   ت(.الخطرة ) السيزيوم , الإسترانشيوم , اليورانيوم ,الكوبل

الخو البنتونيت تم تحضيره سابقا وعمل دراسة  الشكلية  ألجينات  اص 

مثل   الحمراء  له  تحت  الأشعة  طيف  و  السطحي  التشكل  دراسة 

 للمتراكب حيث تبين تحميل الاجينات في المتراكب المحضر.

الب  هذا  لأ اشتمل  الصفرية  الشحنه  دراسة  علي  لجينات  حث 

باستخدام   م0.1البنتونيت  عندمولر  الصوديوم  كلوريد  تركيزات    ن 

الشحنة الصفرية   تبين أن قيمة  قد  . و  الهيدروجين.  أيون  مختلفة من 

لجينات البنتونيت التى يكون عندها السطح لايحمل أى شحنة موجبة  لأ

عند سالبة   الهيدروجين ت  (pH= 8).أو  أيون  تركيز  تأثير  دراسة  م 

امتزاز الإسترانشيوم  أيونات  علي   , السيزيوم  اليورانيوم    )   ,

ووجد انها علاقة    7-1في مدي    لجينات البنتونيتت( بواسطة أ,الكوبل

 طردية.  

أ  كفاءة  دراسة  تم  البنتونيتلقد  الأيونات    لجينات  هذه  إزالة  في 

م إشعاعية  لجرعات  تعريضها  بعد  من  وذلك  كيلو  100-25ختلفة 

جراي وتم عمل تحليل طيف الأشعة تحت الحمراء لها بعد تعريضها  

فظة بنفس المجموعات الوظيفية الخاصة بها  لإشعاع وتبين أنها محتل

سعة   أن  تبين  كما  الإشعاع  بعد  تركيبها  في  تغيير  أي  يحدث  ولم 

الإشعاعية  الجرعات  بزيادة  طفيفة  زيادة  تزيد  البنتونيت  ألجينات 

لجرعات إشعاعية    لجينات البنتونيتالمعرضة لها مايدل علي ثبات أ

   ي.كيلو جرا100تصل إلي 

لعوامل المختلفة علي أداء عمود الإمتزاز مثل  تم دراسة تأثير ا

أيونات تركيزات مختلفة من  تركيز الأيونات عند   , السيزيوم  )  تأثير 

)    اليورانيوم  ,  الإسترانشيوم وهي  (  50,100,200,الكوبلت( 

( للعمود  مختلفة  أرتفاعات  وعند  عنصر  سم  3,6,8مجم/لترلكل   )

و ذلك   ( مللي/دقيقة0.5,1.5,2مختلفة من )  وأيضا عند معدلات تدفق

من محلول متعدد المكونات. وقد تبين أنه بزيادة تركيز الأيونات يقل  

لهذه   التدفق  معدلات  بزيادة  الأمتزاز.بينما  سعة  وتزيد  الإزالة  معدل 

أنه  الأيونات   تبين  يقلل من  معدل الإزالة و سعة الأمتزاز معا. كما 

الحجم المطلوب لهذه  د سعة الإمتزاز ويزيد  بزيادة إرتفاع العمود تزي

 العناصر.  

تم تطبيق نماذج الإمتزاز الديناميكي لوصف العوامل الكيناتيكية  

للإمتزاز في العمود وهما نموذجا توماس و يوون نيلسون وأظهرت  

أن هناك تطابق مع هذين النموذجين وأن هناك توافق بين  النتائج 

 . البيانات المسحوبة والتجريبية
 


