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Abstract

The modified surface of activated carbon (MSAC) was prepared from the agricultural
byproduct coconut shells, by physical and chemical activation processes, and it was tested
for the treatment of simulated radioactive waste solutions included some metal ions,
namely Europium, Cerium, Strontium, and Cesium. The structural morphology and
composition of the modified surface activated carbon coconut shells (MSAC) were evaluated
by SEM, XRD, FTIR, XRF, and elemental analysis. The solubility experiments show that the
prepared sorbent (MSAC) has reasonably good chemical stability. The influence of solution
pH, contact time, adsorbent dosage, adsorption temperature, initial metal ion concentration
and interfering substances such as sodium chloride salt and ethylenediaminetetraacetic acid
(EDTA), on the adsorption performance of Eu®*, Ce®*, Sr** and Cs" ions on to the prepared
sorbent (MSAC) were examined by batch technique. The saturation capacity of the MSAC
for the studied metal ions was found to be very high as compared to the break-through
capacity, and it was found to be 136.84, 85.55, 69.85 and 60.00 mg g * for Eu®*, ce*, Sr**
,and Cs" ions, respectively. Using the Van't Hoff linear plot, the thermodynamic parameters,
AH°, AS° ,and AG° were also evaluated. . Results show that studied sorbent (MSAC) is
efficient to remove more than 98.43, 90.7, 38.65, and 37.4%, of Eu >* Ce * Sr ** and Cs * ions
respectively, at 180 min equilibrium time. The developed sorbent is considered as a good

2 . . .
* ,and Cs" ions from radioactive waste

replacement technology for removal of Eu®, Ce*', Sr
solutions due to its low-cost , good efficiency, high saturation capacity, as well as easy

handling with no or small amount of secondary sludge.
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1. Introduction

The nuclear industry generates considerable amounts of waste, which may require further
treatment before safe disposal. Low and intermediate level wastes are generated in nuclear fuel
cycle operations, in the production of radioisotopes for medical , industrial purposes and in nuclear
research centers. These types of wastes are characterized by low level activity and relatively large
volume ( IAEA,1970). Radionuclides existing in the low and intermediate level liquid radioactive
waste are generally classified into two types first: activated corrosion products and transition metals
such as Ni, Co, etc. Second: fission products such as., **’Cs, *°Sr, ...etc. Moreover, cobalt (**Co and

134 d ¥*’Cs) are major radioisotopes because of their relatively long half — live

%9Co) and cesium (***Cs an
and high concentration in the liquid radioactive waste. Aqueous radioactive wastes represent the
main volume to be treated .The processes used for the treatment of aqueous radioactive waste are

based on chemical precipitation ( Jantzen ,2004 ; Abdel-Rahman et al.2011), ion exchange

( EI-Naggar et al.2005; El-Aryan et al.2014), adsorption ( Abdalla and Moloukhia 2006; Moloukhia
et al .2006), and solvent extraction (Awwad et al.2005; Nowier et al .2005). All these methods have
been found to be expensive and may not be suitable for developing countries. Therefore, there is
needed to look for alternatives to investigate a low-cost method which is effective and economic.
Adsorption is a good proposal for high strength and low volume of wastewater. Adsorption is an
effective purification and separation technique used in industry especially in water and wastewater
treatment (Nandal et al .2014).

The present work aims to study the ability of the modified surface activated carbon prepared
from coconut shells (MSAC) to remove the investigated metal ions from simulated radioactive waste,
(i) elaborate the parameters affecting the sorption process and (iii) evaluate the saturation capacity
and the thermodynamic parameters of the sorption process.

2. Methods and Materials
2.1. Preparation of high quality modified activated carbon from coconut shells.
A-Preparation of activated carbon from coconut shells

The coconut shells are washed with water to remove sticking and lose matter and then sun-
dried for 5 days. The dried samples are then hammer -broken to pieces and converted to a powder
using a mixer. Two- step procedures are followed where the prepared activated carbon is applied by
mixing 40 gm. of coconut shells with 50 ml of H;PO, solution (20%) for 24hrs.

B- Carbonization

The paste produced was heated slowly with a heating rate of 50°C/5min and kept for 3hrs at 500°C in
a muffle furnace .The cooled mass is washed thoroughly with distilled water until neutral pH, then
dried at 110°C (Daifullah and moloukhia, 2002).

C-Surface modification process

Multiple chemical activation and heating is performed for the prepared activated carbon as
follows:
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The prepared activated carbon was mixed with H,0, (4M) at room temperature until there were no
gases evolved. The produced mass was washed thoroughly with distilled water and dried at 110°C.
After cooling the produced mass followed by further oxidation with HNO; (6M), with 2 hrs shaking at
80°C . The produced high quality modified surface activated carbon was washed with distilled water
to neutral pH and dried in oven at 110°C for 24 hrs and stored in a desiccator over silica gel for later
use.

2.2. Batch adsorption studies

Experimental conditions for studying the effect of solution pH, contact time, adsorbent
dosage, initial ion concentrations, and interfering ions such as sodium chloride salt and
ethylenediaminetetraacetic acid (EDTA) were performed. For each experimental run, 0.05 g of MSAC
was shaken at room temperature with 5 ml of Eu®', Ce*, Sr** ,and Cs* metal ions solution at the
speed of 400 rpm for 5 hrs., at time intervals of 5, 10, 15, ... 60 minutes. For the saturation capacity
evaluation, repeated batch equilibration of 800 mg/I metal nitrate solutions (Eu**,Ce*, Sr**, and Cs")
with the solid material in V/m ratio 100 ml/g was carried out. The mixture was shaked in a shaker
thermostat at 25+1°C at the speed of 400 rpm. The adsorption temperature effect is investiged on
the prepared sorbent (MSAC) at 25, 45, and 65+1°C. After equilibrium, the solid was separated and
the concentration of the metal ions was measured instrumentally using Hitachi model Z-6100 atomic
absorption spectrophotometer. All tests were repeated for three times and the total experimental
percentage error was about + 3%. The following equations are applied ( Moloukhia et al 2006)

The percentage uptake (U %) and distribution coefficient (Ky) are calculated using the following

equations:
0 )= 251 5100 (1)
o) — Ci
[Ci _Cf] \Vj
K = =X A ml/g (2)

The apparent sorption capacity of the sorbent may be expressed in terms of the following equation:

aap mg/g (3)

O
Where C; and C; are the concentrations of the ions in solution before and after equilibration,
respectively, V is the solution volume (ml) and m is the sorbent mass (g).

2.3. Break-through capacity

Chromatographic column breakthrough investigations are conducted as follows. One gm
of the prepared sorbent (MSAC) of particle size <100 um is packed in a glass column (1.4 cm
diameter and 5 cm height) to give a bed height of 2.2 cm® volume. 395 ml of the desired
neutral solutions (pH = 5.56 (containing 100mg/l of metal nitrate [M (NOs) , where M = Eu**,
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Ce®, Sr** ,and Cs™] are passed through the column beds at a flow rate of 6-7 drops/min.Equal
fractions are collected and the concentrations are continuously measured (using atomic
absorption spectrophotometer (AAS) and inductive coupled plasma spectrophotometer
(ICPs).

The values of breakthrough capacity under the experimental conditions can be easily
estimated from the following equation;

C
Breakthrough capacity (mg /g)= Vspx —
e

mg/g (4)

Where,

V (s00) IS the effluent volume at 50% breakthrough (ml).
C, is the concentration of feed solution.
m is the amount of the column bed in gram .

3. RESULTS AND DISCUSSION
3.1. Characterization of the obtained material (MSAC)
3.1.1. The physico-chemical characterization and the elemental analyses

The physico-chemical characterization and the elemental analyses of the studied sorbent (MSAC)
are shown in Table (1) and (2), respectively

Table 1. Physico-chemical characteristics of the modified activated carbon coconut shells

Parameter Values
Moisture content (%) 8.00
Packed density (g/ml) 0.56
Apparent density (g/ml) 0.46
Surface area (m?/g) 482
Pore volume (cc/g) 0.454
Average particle size (um) <100
Ash content 5.30
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Table 2. Elemental analyses of the modified activated carbon coconut shells.

Component Percentage (%)

C 68.4

H 2.8

N 4.8

S 2.10

P 0.5
SiO, 7.8
CaOo 3.38
Na,0 1.2
Fe,03 1.33
K,0 0.82
P,0Os 0.66
MgO 0.78

3.1.2. Chemical stability

The chemical stability of the prepared material(MSAC) was studied in water and acid (HNO; and
HCI) at different concentrations [0.5, 1, 2, 3, 4, and 5 M] , by mixing 100 mg of the prepared sample

with 100 ml of the desired solution with irregular shaking for about one weak at 25+1 °C . After

that the filtrate is tested gravimetrically.

The solubility experiments show that the studied sorbent has reasonably good chemical stability

in water and acid (HNO; and HCI) as shown in Table (3). The results indicate that, the material is

resistant to HNO; and HCl media. The chemical stability of the studied sorbent is very high as

compared to other activated carbon .similar results are reported by (Kobya et al .2005; Amuda et al

.2011)..

Table 3. Chemical stability of the prepared sorbent (MSAC) at different acid concentrations

Medium
H,0 HNO; HCI
05 1 2 3 4 5 0.5 1 2 3 4  5(M)
Solubility%
MSAC BD 07 12 2. 4571 9 07 10 21 32 63 790
8 0 5 0 0 0

BD; Below Detection
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3.1.3. FTIR spectrum

The IR spectrum of the prepared sorbent (MSAC) is shown in Figures (1).From which it could be
observed that the peak at 3650cm™ may be due to the =NH asymmetric stretching of amino groups
(Hassan et al. 2013). The peak at 3420cm™ represents the —OH stretching vibration of carboxylic
groups (Hassan et al. 2013).The bands around 2855 and 2917 cm™ may be due to asymmetric and
symmetric C—H stretching vibrations in the aliphatic groups —CH, —CH,, and —CH; (Pradhan and
sandles, 1999). The peak at 1613cm™ represents C=0 stretching vibrations of the carbonyl
compounds on the surface of the biomass material (Hassan et al. 2013). . The peak at =1560cm™
may correspond to the bending mode of water molecules ( Rao, 1963) . The peak at =1450cm™ may
be due to the deformation vibration of the hydroxyl groups (Si -OH deformation vibration) (EI-Naggar
et al. 2014). The peak exhibited at 1350cm™ may represent the COO” symmetric stretching vibrations
as well as the C-N stretching vibrations (Hassan et al. 2013).. The 1123 cm™ peak may correspond to
C-0 stretching vibration and O-H bending modes of alcoholic, phenolic, and/or carboxylic
groups(Pradhan and sandles, 1999). . The peak at 1030 cm™ is due to the presence Si—O stretching
bond ( Al-Degs et al. 2006]. The band at 865 cm™ is characteristic of out-of-plane deformation
vibration of C—H in aromatic structure (Moreno-Castilla,2000). The peak at 745 cm™ is considered to
be the bonding between C and Si, or the overlapping of the Si-O and Si—OH (lbrahim et al.1980;
Stuart,1996 ]. The peak at 520 cm™ represents O—C—N scissoring vibrations(Hassan et al .2013). . The
FTIR spectrum gives the indication of the poly functional nature of the studied sorbent.
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Figure 1. The IR spectrum of the modified surface activated carbon coconut shells .
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3.1.4. TGA and DTA

Thermogravimetric study is also carried out on prepared MSAC, up to 1000°C at a constant
heating rate (~10°C min™) in the atmospheric air. The TG-DT analysis data for the prepared sorbent
are shown in Figure (2). The MSAC was heated from room temperature to 136.87°C, the moisture in
the sorbent was vaporized out. Similar results are reported by(Hassan et al.2013). And the total
mass loss has reached 8.00%. A little degradation occurred to about 395°C where, the total mass loss
was about 1.99%. It might be possible that free radical mechanism is occurred to eliminate water and
to produce the volatile gases up to that temperature (Hassan et al.2013).
components started to decompose between 395.81-932.71°C to give a loss in mass about 83.61%,

similar result reported by (Hassan et al.2013), from 930 to 1000°C, the weight of the studied sorbent

is constant.
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Figure 2. Thermogravimetric analysis (TG-DT) curves of MSAC.

3.1.5. SEM

Figure (3) displays the scanning electron microscopie (SEM) micrographs for particles of the
prepared sorbent (MSAC) at two magnifications (1000x and 2000x). As can be seen from Figure (3),
the low- magnification, micrographs (A) illustrate the irregular size and the varieties of pores in
different widths. At the higher magnification, the micrographs (B) show shape of individual grains,

irregular and heterogeneous surface morphology.
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Figure 3. SEM analysis of MSAC. (A) Magnitude of 1000x; and (B) magnitude of 2000y.

3.1.6. XRD

The XRD spectrum of the powdered sample is shown in Figure (4), in which two peaks could be
observed for the modified activated carbon. One peak between 15 and 35° 26, indicating the
presence of amorphous silica, and the other is between 40 and 50° 26, corresponding to carbon.
Similar results are reported by (Krishnarao,2001;Vieira et al.2012). Considering these angles and
applying Bragg’s law (nA=2d sin 8) with A of 1.542A, d values are obtained, which represent the basal
interlayer distances. Modified activated carbon coconut shells sample exhibits the silica peak at
incidence angles (26) of 21.75 and 22.09, or values of basal interlayer distances of 4.08 and 4.02A,
respectively (Vieira et al.2012). The carbon peak appears at incidence angles (26) between 44.25
and 44.30 corresponding to basal interlayer distances of 2.05 and 2.04A, respectively (Vieira et
al.2012).
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Figure 4. XRD diagrams of MSAC (as-prepared).
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3.2. Adsorption dynamics
3.2.1. Effect of contact time

Equilibrium time is one of the most important operational parameter for the effectiveness
of treatment processes. In other words, this time represents the contact time at which the active
sites and the sorbate are in contact to each other for the adsorption to occur. To as certain a suitable
contact time between the studied sorbent and aqueous solutions, the fraction removal of Eu 3 ce
Sr** ,and Cs * ions was studied as a function of time from 10 to 300 min while keeping other
parameters constant as shown in Figure (5). It shows that the fraction removed significantly
increases as the time is increased until equilibrium adsorption is established at 180 min. This could be
explained as being due to the fact that adsorption sites are well exposed, thus a quick reaction is
occurred. It could be seen from figure(5) that the studied sorbent (MSAC) is efficient to remove
more than 93.50, 87.50, 37, and 35.70%, of Eu *" Ce*" Sr ** ,and Cs * ions ,respectively, at 180 min
equilibrium time. This might be due to the nature of the sorbent and its available sorption sites which
affect the time needed to reach equilibrium. Similar results are reported by ( Bhattacharya et al
.2008).. Fast adsorption in the beginning may be due to the availability of adsorption sites. The
available sites in the sorbents tend to be reduced and hence the rate of adsorption is further
decreased which attained a limiting value at equilibrium after the initial adsorption of adsorbate.
Similar results are reported (Dahlan et al. 2013).. After 180 min of equilibrium time, there is no
further significant removal observed. Thus, it is decided to assume the equilibrium time to be 180
min for the rest of this study.
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Figure 5. Effect of contact time on the removal of Eu**, Ce**, Sr** and Cs* by MSAC.
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3.2.2. Effect of solution pH

The adsorption process is strongly governed by the solution pH. The effect of pH solutions on
the removal percentage of the investigated ions using MSAC is shown in Figure (6). It shows that the
adsorption percentage increases with increasing the pH value of the solution for the studied metal
ions. When the pH of the system increases, the number of negatively charged sites on the sorbent
increases, due to an increase in the hydroxyl ion concentration as where the number of positively
charged sites decreases. . Similar results are reported by (Igbal, 2007). Therefore at higher pH, the
surface of the sorbent gets more negatively charged by losing protons (deprotonation of different
functional groups on the surface of the biosorbent) and thus favors the uptake of positively charged
cations due to increased electrostatic force of attraction .Similar results are reported by (Ponnusam
et al .2009)..
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Figure 6. Effect of pH on the removal of Eu**, Ce**, Sr** and Cs* by MSAC.

3.2.3. Effect of sorbent dosage

The effect of a sorbent dosage on the removal of the studied ions is shown in Figure (7). The
figure shows that the sorbent removal efficiency for the studied metal ions increases up to a certain
limit where it remains almost constant at 0.05 g sorbent dosage and up. Hence, the optimum dosage
from the modified activated carbon sample is found to be 0.05 g/ 5ml (with V/m 100ml/ g) of Eu *"
Ce*" Sr ?* ,and Cs' solutions). The increase in the removal efficiencies with a sorbent dose can be
attributed to availability of more adsorption sites. The rate of uptake increases with an increase in
the sorbent dosage because it leads to a greater surface area for adsorption. Similar results are
reported by (El-Sherif and Fathy, 2013).Since there is no significant change in the adsorption rate
above 0.05 g/5 ml, at initial concentration of 50 mg/|, this amount is fixed and used for all the
adsorption studies.

3.2.4. Effect of initial metal concentration

The effect of initial concentration of the studied metal ions on the removal efficiencies by the
studied sorbent (MSAC) at the optimum dosage (0.05 g/5 ml) is shown in Figure ( 8). It can be
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concluded that the removal efficiency of the studied metal ions is decreased with an increase in the
initial metal concentration from 50 to 400mg/l. This behavior may be due to an increase in the
driving force which leading to increasing the collisions between metal ions and hence decrease the
mobility of metal ions towards the adsorbent surface. (El-Sherif and Fathy, 2013).
indicated that the adsorption of the investigated ions are much dependent on concentration of
solution. These observations are in close agreement with that reported by (El-Sherif and Fathy,

2013).
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Figure 8. Effect of metal ions concentration on the removal of Eu*,

ce*, Sr** and Cs" by MSAC
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3.2.5. Effect of temperature

To study the effect of temperature on the efficiency removal of Eu**, Ce*, Sr*,and Cs" ions by
MSAC, the experiments are carried out at temperatures varying from 25 to 65+1°C.,as shown in
Figure 9, it is observed that the removal efficiency for the studied metal ions is slightly increased with
increasing temperature from 25 to 65+1°Cfor Eu"and,Ce* and sharp increased in case of Sr'> and
Cs" .This trend may be attributed to increasing kinetics energy of the sorbent metal ions, which
increases the frequency of collisions between the sorbent and metal ions and thus enhances
adsorption of metal ions on the surface of the sorbent. Similar results are reported by (Argunet al.
2007). As well as, creation of some new active sites on the adsorbent surfaces when the reaction
temperature is increased. Similar results are reported by (EI-Naggar et al .2010; EI-Naggar et al 2014;
Mishra et al .1996)
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Figure 9. Effect of reaction temperature on the removal of Eu®, Ce**,

Sr** and Cs* by MSAC.

3.2.6. Effect of some interfering substances

To study the effect of competing cations which may be present in radioactive waste such as
Na®, also the effect of complexing agents as EDTA on the removal of Eu®*, Ce*', Sr*', and Cs" ions,
the experiments are carried out at Na* and EDTA concentrations varying from 10 to 0.5 M. The
results are presented in Table (4). It is shows that the sorption of Eu*” Ce*, Sr*, and Cs" ions is
greatly affected as the concentration of EDTA is increased from 10 to 0.5 M. The data may indicate
that the chelation of the studied metal ions with EDTA to form metal complex leading to a decrease
in the free metal ions concentration in solution and hence decreasing the % sorption values. This
effect is very obvious on increasing the concentration of competing agents. Similar results are
reported by (Mishra et al .1996; Marsh et al .1995).
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On the other hand, The sorption of Eu*" Ce*, Sr**, and Cs" ions is slightly decreased with
increasing the Na* ions concentrations as shown in Table(4). This poor effect of Na* compared to the
effect of EDTA concentration may be due to either the lower electrostatic interaction of Na*
(monovalent) compared to the metal valences under study (Kotp,2008)or it may be related to the
stereochemical factor (Inglezakis et al.2005) Finally, the sorption of Eu*” Ce*, Sr*, and Cs" ions is
sharply decreased as the concentration of competing ions increased from( 10™to 0.1M),and slightly
decreased from (0.1to 0.5M). Similar results are reported by (Inglezakis et al.2005)

Table 4. Effect of NaCl and EDTA concentrations on the % removal for Eu®, Ce®*, Sr** and Cs" ions

Cation %of sorption removal in presence of the interfering substances
s

0 10" 10° 0.01 0.1 0.25 05 (M)

NaCl EDT NaCl EDT NaCl EDT NaCl EDT NaCl EDT NaCl EDT

A A A A A A
Eu** 984 893 761 614 396 451 271 372 129 324 617 295 5098
3 8 5 5 6 5 4 5 6 5 5
ce* 90.7 770 600 407 320 296 221 200 107 142 598 10.8 5
0 0 3 4 0 5 4 7 7 5 6
s 386 328 276 270 181 182 158 742 6.11 593 513 489 456

Cs' 374 192 151 126 833 6.86 580 262 211 2,02 200 2.00 185
0 1 1 9

3.3. Capacity measurements

3.3.1. Saturation capacity

The saturation capacity of the prepared sorbent (MSAC)(mg/g) for the studied metal ions are
investigated by batch technique and the data are represented in Table (5).which Indicate that the
affinity sequence for these cations is;

Eu**>Ce*>Sr**>Cs*

This sequence is in accordance with the ionic radii of the sorbed metal ions which follow the order
(Eu*'<Ce*<Sr**<Cs*). The ions with smaller ionic radius are easily exchanged and move faster than
the ions with greater ionic radius.
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Exchanging pH of the metal lonic Capacity
ion solution radii (A) (mq. g-1)
Eu®* 4.47 0.95 163.84
ce* 4.64 1.07 85.55
Sr** 4.03 1.18 69.85
Cs' 4.17 1.67 60.00

Table 5. Saturation capacity of MSAC sorbent for the studied metal ions at agitating rate, 400

rpm; initial metal concentration; 800 mg/l and temperature, 25+1°C.

It is found that the studied sorbent MSAC has higher saturation capacity compared to other synthetic
and natural sorbents .This may be due to its small pore diameters, which results in higher exposed
surface area and hence high surface capacity for adsorption. Similar results are reported by ( Singh et
al. 2013), in addition to the presence of multi-functional groups, such as carboxylic, hydroxyl, and
lactone, which have a high affinity for metal ions .Similar results are reported by (Tan et al. 1993).

3.3.2. Break-through capacity

Investigations are conducted to explore suitable conditions for quantitative loading and sorption of
the metals studied in neutral media (pH = 5.56)by chromatographic column procedures at room
temperature (25+1°C). As far as the break-through capacity of the column is concerned, Figure( 11)

* Sr**, and Cs* ions (100 mgl™® for each) obtained from the modified

shows curves for Eu**, Ce
activated carbon column in the feed solutions. Each break-through curve reflects the percent
concentrations of the respective metal ion in the effluent to the feed solution (C/C, %) vs. effluent
volume (V ml) as shown in the Figure. The corresponding uptake for the investigated cations per

gram of solid is calculated using the following formula
. CO
Breakthrough capacity (mg /g) = Vg, x -

Where Qg s means the break-through capacity in g, C, is the initial metal concentration in mg/ml, V
is the volume to break-through in cm® and m is the weight of the dry sorbent in grams.

The values of breakthrough capacity under the conditions of the experiment can be easily
estimated from Figure( 11) and calculated using equation( 4) they are found to be 3.00, 14.80, 17.80
and 22.20 mg g " for Eu**, Ce*, Sr** and Cs" ions, respectively. It is also found that the selectivity of
the ions towards the studied modified activated carbon is in the order:
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Eu**>Ce*>Sr?*>Cs’

This selectivity order is in accordance with that obtained from the batch technique. The break-
through capacity for all the metal ions is low as compared to the saturation capacity for the same
metal ions obtained from the batch technique due to the interference between ions.

o.0 i 1 L 1 L 1 L 1
L] g nln 200 F0 0 4 00

Effiluentvolusme, sl

Figure 10. Break-throuhg curves of of Eu®*, Ce** , Sr** and Cs' ions

uptake by MSAC in pH=5.56 and 25°C

3.4 Sorption thermodynamics

The thermodynamic parameters,( AH® ) and (AS°), are obtained from the following Van’t Hoff
equation:
LnK, = AS® AH 5)

R RT
Where AS® (J/mol.°K) is the standard entropy change, AH® (kJ/mol) is the standard

enthalpy change, R is the gas constant (8.314 J/mol.°K), and T is the absolute temperature
(°K). From Figure (12), AH° and AS° values are calculated from the slope (-AH°/R) and
intercept (AS®/R) of the linear plot of In Ky versus 1/T.

The thermodynamic parameter, (AG®) is calculated using the relations:

AG® = AH° —TAS° (6)
and
AG® =-RT InK (7

Where, AG® the standard free energy (kJ/mol). The AG® values of the studied metal ions
sorbed on (MSAC) at 298, 318, and 338° K as well as AH® and the AS° values were presented in Table(
6). The positive values of AH® indicate the endothermic nature of the adsorption process.similar
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results are reported by (EI-Naggar et al.2010; EI-Naggar et al .2014; El-Naggar et al .2014 ), while
the positive values of AS° for these elements are indication of the increased randomness at the solid-
solution interface during the adsorption of these cations by the modified activated carbon(EI-Naggar
et al.2010; EI-Naggar et al .2014; El-Naggar et al .2014 ) . The negative values of the free energy
change (AG®), for the investigated metal ions"Table 6", mean that the adsorption process is
spontaneous and indicate the preferable adsorption of these cations on the studied sorbent as
compared to H" ion (EI-Naggar et al.2010; EI-Naggar et al .2014; El-Naggar et al .2014 )

o.oo0za8s o.o0300 o003 15 o.00330
1,0 . CCFD

Figure 11. Van't Hoff plot of the adsorption of Eu**, Ce*", sr**
and Cs" ions by MSAC.

Table 6: Thermodynamic parameters for adsorption of Eu**, Ce**, Sr** and Cs" ions by

MSAC.

Metal ion Temp., (K) AH®, (KJ mol™) AG®, (KJ mol™) As°, (J mol* K™Y
Eu®* 298 76.85 -21.65 324.25
ce* 298 35.08 -16.64 163.70
st 298 41.65 -8.92 166.86

Cs* 298 22.20 -79.36 106.08
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4. CONCLUSIONS

e The produced modified surface activated carbon is characterized using X-ray (XRD and XRF), CHN
elemental analysis, ICPs, FTIR, TGA-DTA and scanning electron microscopy (SEM).

e The solubility experiments indicate that the produced sorbent is resistant to HNO3; and HCl media

e The obtained data, reveal that the modified surface activated carbon produced from coconut
shell is a good adsorbent for the removal of Eu®*, ce®, sr** and Cs* ions from radioactive waste
solutions.

e . The removal efficiency of the studied metal ions is controlled by solution pH, contact time,
adsorbent dose, adsorption temperature, initial ion concentrations, and interfering ions such as
sodium chloride salt and ethylenediaminetetraacetic acid (EDTA).

e The studied sorbent has high saturation and break-through capacities as compared to other
synthetic and natural sorbents

e The adsorption process is spontaneous and endothermic in nature which is further confirmed by
the determined of thermodynamic parameters.

e Coconut shell (a waste) is inexpensive and readily available. Thus this study provides a cost
effective means for removing metal ions from contaminated water or effluents.
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