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Factors Affecting on the
Sorption/Desorption of Eu (III)

using Activated Carbon

H. M. H. Gad and N. S. Awwad

Hot Laboratories and Waste Management Centre, Egyptian Atomic

Energy Authority, Cairo, Egypt

Abstract: The sorption and desorption of Eu (III) on H-APC activated carbon using a

batch technique has been studied as a function of carbon type, shaking time, initial pH

solution, temperature, particle size of carbon, and concentration of the adsorbent and

the adsorbate. The influence of different anions and cations on adsorption has been

examined. The experimental data have been analyzed by Langmuir, Freundlich, and

Temkin sorption isotherm models and the adsorption data for Eu (III) onto activated

carbon were better correlated to the Temkin isotherm and the maximum absorption

capacities obtained was 46.5 mg g21. Anions of phosphate, carbonate, oxalate, and

acetate were found to increase the adsorption of Eu (III), whereas nitrate, chloride

and all studied cations, potassium, sodium, calcium, magnesium, and aluminum

have a negative effect on the adsorption capacity. More than 99% europium

adsorbed on H-APC eluted with 0.5 M HCl solution. The activated carbon prepared

from apricot stone using 70% H3PO4 could be considered as an adsorbent that has a

commercial potential for Eu (III) treatment.

Keywords:Activated carbon, apricot stone, Eu (III), sorption/desorption, diverse ions,
desorbing agents

INTRODUCTION

Europium is attractive to the atomic industry, since the elements can be used in

control rods and as nuclear poisons. These poisons are materials added to a
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nuclear reactor to balance the excess reactivity at start-up, and are so chosen

that the poisons burn out at the same rate as the excess activity decreases. The

television industry uses considerable quantities of europium, such as

europium-activated yttrium orthovanadates. These europium give a brilliant

red color and are used in the manufacture of television screens. Europium is

mostly dangerous in the working environment, due to the fact that its

damps and gases can be inhaled with air, this can cause lung embolisms,

especially during long-term exposure. It can be a threat to the liver when it

accumulates in the human body. Also, europium is dumped in the environment

in many different places, mainly by petrol-producing industries. It can also

enter the environment when household equipment is thrown away leading

to gradual accumulation in soils and water and this will eventually lead to

increasing concentrations in humans, animals, and soil particles. With

animals, europium causes damage to cell membranes, which has several

negative influences on reproduction and on the functions of the nervous

system.

For treatment of waste containing the high concentration of europium, in

order to reach environmental standards, extraction, precipitation, and adsorp-

tion can be used. Adsorption on activated carbon has been increasingly

applied (1). Furthermore, it is well known that the best activated carbons

for removal of positively charged species are carbons with acidic functional

groups that display ion-exchange properties (2). The development of acidic

surface groups can be carried out by low temperature activation in the

presence of air producing an L carbon (3). Activated carbons are now in

use for the treatment of potable water (4) and wastewater, particularly for

the removal of heavy metals (5), and hazardous materials. The adsorption

properties of activated carbons are essentially attributed to their large

surface area, large total pore volume, high degree of surface reactivity, and

favorable pore size distribution (6). The texture (surface area and porosity)

of activated carbons can be easily modified or even tailored to suit a

specific application (7). The chemistry of the surface of activated carbon

also plays a dominant role in determining its adsorption properties and conse-

quently its use (8). It is also possible to modify the surface chemistry of

activated carbons by controlling the amount and strength of the surface func-

tional groups, particularly those of the carbon–oxygen type (9).

Cheap raw materials have been recommended for the preparation

of activated carbons. Agricultural by-products, which exist in large amounts,

represent a solid pollutant to the environment. Many years ago these

by-products were used as a fuel in rural areas but now they do not find any

application of commercial interest. The preparation of activated carbons

from agricultural by-products has therefore been encouraged, since they are

cheap precursors and their use in this manner would prevent their

accumulation.

Among other countries, Egypt is rich in many agricultural by-products

that can be used for the preparation of activated carbon, viz., cotton stalks
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and corn stalks, rice straw and rice husks, corncobs, date pits, some fruit

stones, some nutshells and olive stones (10). Apricot stones have been used

in the present study for the preparation of activated carbons.

In the present work, the adsorption of europium ions on activated carbon

obtained from apricot stone treated with H3PO4 has been studied and the

possible use of this carbon for removing europium ions from aqueous

solution has been evaluated. These investigations lead to the optimum raw

material composition and conditions of treatment for producing effective

carbon adsorbents appropriate for the removal of europium ions from waste

water.

EXPERIMENTAL

Preparation of Adsorbents

An apricot stone was crushed to 1 mm particle size, and four different types of

adsorbents were prepared from it. Firstly, 30 g of crushed apricot stone was

used without any treatment (AP). Secondly, 30 g of crushed sample was

subjected to carbonization in a stainless-steel reactor that was placed in a

tube furnace at heating rate of 508C/10 min at atmospheric pressure up to

of 5008C for 80 min (C-AP). Thirdly, crushed apricot stone was used for

the preparation of activated carbons by one-step chemical activation using

H3PO4 (H-APC) or KOH (K-APC). In each type 30 g of crushed apricot

stone was soaked in pre-diluted phosphoric acid of 70% (v/v) concentration
starting with an 85 wt.% H3PO4 (BDH), or 70% KOH. The crushed apricot

stone was soaked in 50 mL H3PO4 (or KOH) solution, slightly agitated to

ensure penetration of the acid (or base) throughout, then the mixture heated

to 808C for 1 h and left overnight at room temperature to help appropriate

wetting and impregnation of the precursor. The impregnated mass was dried

in an air oven at 808C overnight, then, admitted into the reactor (ignition

tube), which was then placed in a tubular electric furnace open from both

ends. The temperature was raised at the rate of (508C/10 min) to 5008C for

80 min as a hold time. The product was thoroughly washed with hot

distilled water, and finally dried at 1108C. All the physicochemical character-

izations of adsorbents were summarized in Table 1.

Reagents

A stock solution (1000 mg l21) of europium was prepared by dissolving a

known weight of europium oxide in nitric acid. The final volume of this

solution was completed to 100 mL using deionized water. Required concen-

trations were prepared by appropriate dilution of stock solution at room temp-

erature in deionized water. All other chemicals, unless specified otherwise,

The Sorption and Desorption of Eu (III) 3659

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



were of analytical-reagent grade, and doubly distilled water was used

throughout.

Characterization of Activated Carbon

Elemental analysis (CHNS) of the carbon H-APC was performed in the micro

analytical center at Cairo University. The infrared spectra of adsorbents were

obtained from a Fourier Transform Infrared Spectrophotometer (FTIR) using

the KBr disc technique (11). The surface area and the porous structure of

adsorbents were measured by N2 adsorption isotherm at 77 K using surface

area and pore size analyzer, model NOVA 1000e.

Sorption Experiments

Different factors affecting on the sorption process, e.g., carbon type, contact

time, initial pH solution, adsorbent weight and batch ratio (V/M), the

particle size of the carbon, initial Eu (III) concentration, and temperature,

have been investigated using a batch technique. In all cases, 10 mL aliquots

Table 1. Physicochemical characterization of four adsorbents derived from apricot

stone

Types of adsorbents AP C-AP H-APC K-APC

Apparent density (g cc21) 0.48 0.44 0.50 0.76

Packed density (g cc21) 0.72 0.61 0.65 0.95

pH 6.4 6.8 3.5 9.5

Water solubility (%) �nd nd 5.95 nd

Acid solubility (%) nd nd 9.4 nd

Base solubility (%) nd nd 0.194 nd

Water adsorbability (%) nd nd 237.8 nd

Adsorbability to Eu (III) (mg g21) 10.9 17.78 29.34 28.35

Methylene blue (MB) 70.1 40.5 130.8 203.8

Iodine number 80.5 104.6 600 204.8

Yield (%) 100 27.11% 51.7% 125%

BET surface area (s.a.) (m2) nd 99.87 554.04 98

Micro pore surface area, San (m2 g21) nd 107.3 554.04 101.57

Specific surface area, Sa (m2 g21) nd 62.65 834 268.55

Langmuir s.a. (m2 g21) nd 154 651 124

Average pore size Å nd 12 21 16.35

Average pore width Å nd 35.14 36.20 45.85

Total pore volume, Vp (cc g
21) nd 6.0 � 1022 51 � 1022 8.2 � 1022

Meso-pore volume, Vmeso (cc g
21) nd 0.0121 0.31 0.042

Micro-pore volume, Va
o (cc g21) nd 0.048 0.20 0.04

nd ¼ Not done.
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of the Eu (III) solutions were contacted with 20 mg of the carbon in stoppered

polyethylene bottles (The blank experiments demonstrated the negligible

sorption of Eu (III) on the bottles walls). The conditions of the solution were

adjusted and the bottles were shaken using a thermostatic shaker (Kottermann

D-1362, Germany) to achieve equilibration concentration. Each mixture

was filtered throughout 0.45 mm filter paper. The samples were analyzed

using 10 mm quartz absorption cells at lmax ¼ 655 nm using a Shimadzu

model 160A double-beam UV spectrophotometer using arzenazo (III).

Desorption Experiments

These were conducted by removing the solution left after the sorption exper-

iments and replacing it by a 20 mL of desorbing agents (zero concentration of

Eu (III)). This is followed by shaking for predetermined time intervals up to

180 min. Then, the concentration of Eu (III) was determined as mentioned

before.

Calculation

The amount of metal ion sorbed-uptake (mg g21)-at time t, qt, was calculated

from the mass balance equation:

qt ¼ ðC0 � CtÞV=M ð1Þ

When t is equal to the equilibrium contact time, Ct ¼ Ce, qt ¼ qe, and the

amount of metal ion sorbed at equilibrium, qe, is calculated using Eq. (1).

And Kd, the distribution coefficient, was calculated from the equation:

Kd ¼ ðC0 � CeÞ=Ce � V=M ð2Þ

Where, C0 and Ce are the initial and equilibrium Eu (III) concentration, V is

the volume of the solution, and M is the weight of the adsorbent. All the

adsorption experiments were run in duplicate. The difference in results for

the duplicates was typically less than 5%.

RESULTS AND DISCUSSION

Characterizations of th Four Adsorbents

The characterizations of four adsorbents used were listed in Table 1. It can be

seen that both the surface area and pore size varied widely. The maximum

value is 554.04 m2 g21 for H-APC whereas the values are 98 m2 g21 and

99.87 m2 g21 for K-APC and C-APC respectively. Mesopore and micropore
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volume of sample H-APC are 51.0 � 1022 and 20.0 � 1022 cc g21 but they

are 8.2 � 1022, 6.0 � 1022 and 4.0 � 1022, 4.8 � 1022 cm3 g21 for

K-APC and C-APC respectively indicating the development of porous

structure by H3PO4 activation. The higher surface area and porous structure

of H-APC activated carbon may be facilitates the intraparticle diffusion of

Eu (III) ions through the particles of activated carbon increasing the uptake

of Eu (III) ion from solution.

The suspension of H-APC carbon is acidic in solution having a pH value

of 3.5. This means that hydrogen ions (Hþ) released from the surface of

H-APC sample and this leads to:

(1) the feasibility of ion exchanger between the Hþ of the carbon surface

and Eu (III) from solution.

(2) After release of Hþ the surface becomes negatively charged leading to

the electrostatic attraction between it and the positively charged Eu (III)

increasing the uptake of Eu (III) form solution. On the other hand, the

higher uptake of K-APC sample for Eu (III) may be due to precipitation

rather than adsorption.

Selection of Adsorbent Type

The four types of adsorbents were tested for the removal of Eu (III) from

solution. The preliminary investigation showed that the uptake of the four adsor-

bents take the following order: 10.9, 17.78, 29.34, and 28.35 mg g21 for AP,

C-APC, H-APC, and K-APC respectively. This proves that the type of acti-

vation has a significant effect on the uptake of Eu (III). So, the carbon

H-APC is only used in further experimental runs due to its highest capacity.

Analysis of H-APC Activated Carbon

The chemical composition of the raw apricot stone (12) and H-APC carbon is

summarized in the Table 2. The analysis of the activated carbons precursors,

Table 2. Analysis of raw apricot stone and H-APC carbon

Parameter

Proximate analysis, wt.% Elemental analysis, wt.%

Moisture Ash

Volatile

matter C H S N O (Differ.)

Apricot

stones (15)

6.4 0.2 80.6 55.6 6.8 0.1 0.2 37.3

H-APC 8.5 16.3 — 57.1 3.89 0.8 1.36 20.6
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apricot stones, appear to be very suitable raw materials for the preparation of

activated carbons because of their low sulfur, ash content, high carbon, and

oxygen content.

Infrared Characterization of Activated Carbon

Infrared characterization of activated carbon is important for: (1) providing

information on structure, such as the functional groups contained in the

carbon, possibly mineral constituents, etc., (2) providing basic spectra of the

activated carbon for comparison with spectra of the same carbon containing

adsorbed material (13) as shown in (Fig. 1).

An infrared spectrophotometer was used to obtain the Fourier transform

infrared spectra (FT-IR) of the H-APC sample in the range 4,000–

400 cm21. The most characteristic features of these spectra are: The

presence of significant vibration at the 3430.1 cm21 assigned to H2O or

intra-molecular H-bonded (-OH) and/or NH groups. Bands for C-H vibrations

in aliphatic groups were also observed at 2852.5 and 2923.3 cm21 and free

carboxylic acids (1697.1 cm21), cyclic lactones (single peak at

1756.2 cm21) were observed. The presence of the bands characteristic to car-

boxylate functionalities were observed at 1564.0 and 1536.3 cm21. Whereas,

the bands at 1218.0 and 981.4 cm21 may be attributed to C-O stretching in

carboxylate, ether, and alcohol. The first band at 1218.0 cm21 could be

assigned, moreover, to an O-H bending in -COOH and it appears that,

generally thermal treatment at 5008C enhances the amplitude of these bands.

Figure 1. FTIR of H-APC activated carbon before and after adsorption of Eu (III).
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A several bands below 900 cm21 may be attributed to the phosphorus and

some metal present in the ash content of the sample. And the presence of the

hydroxyl group, aliphatic, ether, aromatic and phenolic groups, as well as con-

jugated C55C bonds, were indicated in the sample.

Factors Affecting on the Adsorption of Eu (III) onto H-APC

The parameters affecting on sorption of Eu (III) onto H-APC such as contact

time, pH, particle size, concentration of adsorbent and adsorbate, interfering

ions, and temperature have been investigated.

Effect of Contact Time

The adsorption experiments were carried out for contact times ranging from 5

to 180 min with fixed amounts of adsorbent (0.02 g) at 293 K. The results were

plotted in (Fig. 2) from which it is clear that the sorption capacity increased

rapidly where over 98% of the Eu (III) is adsorbed during the first 30 min

and then becomes constant. So, the equilibrium time considered for further

work has been taken as 120 min.

It is important to determine the rate at which Eu (III) ions are removed

from aqueous solution in order to apply adsorption by porous solids to waste-

water treatment. Adsorption of Eu (III) ions can be assumed to occur mainly in

three stages during the process by porous adsorbents (17):

Figure 2. Effect of contact time on Eu (III) sorption onto H-APC activated carbon.

Conditions: (Initial concentration (C0): 50 mg l21, pH: 5, Temperature (T): 208C,
Weight (W): 0.02 g, Volume (V): 20 ml, Agitation speed: 300 rpm).
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i. mass transfer of Eu (III) ions from aqueous solution to the adsorbent

surfaces,

ii. migration of Eu (III) ions or intraparticle diffusion of Eu (III) ions within

the pores of adsorbents, and

iii. interaction of Eu (III) with the available sites on the interior surfaces,

binding the pore and capillary spaces of the adsorbent.

One or more of the previous stages may control the rate at which metal

cations are adsorbed and the quantity of metal cations adsorbed onto the

adsorbents.

Adsorption Kinetic Study

In order to investigate the adsorption processes of Eu (III) onto H-APC carbon,

three kinetic models were used.

Pseudo-first-order Model

The adsorption kinetic data were described by the Lagergren pseudo-first-

order model. The Lagergren equation is commonly expresses as follows:

dqt=dt ¼ k1ðqe � qtÞ ð3Þ

where, qt and qe are adsorption capacity at time t and equilibrium, respectively

(mg g21), kl is the rate constant of pseudo-first-order adsorption (l min21).

The integration of Eq. (3) with the initial condition, qt ¼ 0 at t ¼ 0 leads to

(14):

Logðqe � qtÞ ¼ log qe � ðk1=2:303Þt ð4Þ

Plot the values of log(qe – qt) versus t give a linear relationship from which k1
and qe can be determined from the slope and intercept, respectively (Fig. 3).

If the intercept is not equal qe then the reaction is not likely to be a first

order reaction even if this plot has a high correlation coefficient with the

experimental data (15). The relationship between the initial solute concen-

tration and the rate of adsorption will not be linear when pore diffusion

limits the adsorption process. (Fig. 3) shows that the first 20 min of data fits

well with the Lagergren model and thereafter the adsorption data deviates

from the theory. Thus, the model represents the initial stages where rapid

adsorption occurs well but cannot be applied for the entire adsorption

process. Furthermore, the calculated qe values are too low compared with

experimental qe values and the correlation coefficient R is relatively low for

adsorption data (Table 3), which indicates that the adsorption of Eu (III)

onto H-APC is not a first-order reaction.
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Pseudo-second-order Model

The adsorption kinetic may be described by the pseudo-second-order model

(16), which is generally given as the following:

dqt=dt ¼ kSðqe � qtÞ
2

ð5Þ

Where kS (g mg21 min21) is the pseudo-second-order rate constant of adsorp-

tion. Integrating Eq. (5) and noting that qt ¼ 0 at t ¼ 0, the following

equation is obtained:

t=qt ¼ 1=kSq
2
eð1=qeÞt ð6Þ

The initial sorption rate, h (mg g21 min21), at t ! 0 is defined as:

h ¼ kSq
2
e ð7Þ

Figure 3. (a) Pseudo-first-order and (b) Pseudo-second-order kinetic plot for Eu (III)

adsorption onto H-APC activated carbon. Conditions: (C0: 50 mg l21, pH: 5, T: 208C,
W: 0.02 g, V: 20 ml, Agitation speed: 300 rpm).

Table 3. Kinetic parameters for the removal of Eu (III) by H-APC activated carbon

Parameter

qe, exp.

(mg g21)

qe, calc.

(mg g21)

R

(linear) SD

kl
(l min21)

kS
(g mg21

min21)

h

(mg g21

min21)

Pseudo-first-

order

29.03 5.33 0.982 0.13 0.0623 — —

Pseudo-second-

order

29.03 29.46 0.999 0.05 — 0.0340 0.0338

SD ¼ Standard deviation.
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The plot of t/qt versus t give a straight line as showed in (Fig. 3), confirming

the applicability of the pseudo-second-order equation. Values of kS and equili-

brium adsorption capacity qe were calculated from the intercept and slope of

the plot of t/qt versus t, respectively. The values of R and qe also indicated that

this equation produced better results (Table 3), and the calculated qe value is

mainly equal to the experimental data. This indicates that the Eu (III)-H-APC

adsorption system obeys the pseudo-second-order kinetic model for the entire

sorption period.

Intra-particle Diffusion Model

Adsorption is a multi-step process involving the transport of the adsorbate

(Eu (III)) from the aqueous phase to the surface of the solid (H-APC) particles,

then followed by diffusion of the solute into the pore interiors. If the experiment

is a batch systemwith rapid stirring, there is a possibility that the transport of the

sorbent from the solution into pores (bulk) of the adsorbent is the rate controlling

step (17). This possibility was tested in terms of a graphical relationship between

the amounts of Eu (III) adsorbed and the square root of time (18). Since the Eu

(III) is probably transported from its aqueous solution to the H-APC by intrapar-

ticle diffusion, so the intraparticle diffusion is another kinetic model which

should be used to study the rate-limiting step for Eu (III) onto H-APC. The

intra-particular diffusion is commonly expressed by the following equation:

qt ¼ kidt
1=2 þ I ð8Þ

where kid is the intra-particle diffusion rate constant (mg g21 min21/2) and I is

the intercept (mg g21). The values of qt were found to give two lines part with

values of t1/2 (Fig. 4) and the rate constant kid directly evaluated from the slope

of the second regression line. The value of intercept I, which is related to the

thickness of the boundary layer was (I ¼ 24.44 mg g21) calculated. The shape

of (Fig. 4) shows two intersecting lines depending on the exact mechanism; the

first one of these lines represents the surface adsorption at the beginning of the

reaction and the second one is the intraparticle diffusion at the end of the

reaction. As still there is no sufficient indication about which of the two

steps is the rate-limiting step. Ho (19) has shown that if the intraparticle

diffusion is the sole rate-limiting step, it is essential for the qt versus t1/2

plots to pass through the origin, which is not the case in (Fig. 4), it may be

concluded that the surface adsorption and the intraparticle diffusion were con-

currently operating during the Eu (III) H-APC interactions.

Effect of Initial pH of Solution on Eu (III) Uptake

The pH of the system is very effective on the adsorption capacity of the

adsorbate molecule presumably due to its influence on the surface properties

of the adsorbent and the ionization/dissociation of the adsorbate (33).
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However, two possible mechanisms of adsorption of Eu (III) onto H-APC

adsorbent may be considered:

a. electrostatic interaction between the adsorbent and Eu (III) and

b. the chemical reaction between the Eu (III) and the adsorbent. (Fig. 5)

shows the effect of pH on the removal of Eu (III) from solution.

At the acidic pH, (high concentration of Hþ ions), the uptake of Eu (III) is

relatively low due to the competition between Hþ ions and Eu (III) ions at the

surface of H-APC decreasing the adsorption of Eu (III). As the pH of the

solution increased (increasing OH2 concentration), the uptake of Eu (III)

from the solution increased presumably due to:

a. the increase of the sorption with the pH may be explained by the increas-

ing sorption of Eu (III) on surface complexing sites due to their increasing

deprotonization and/or due to the decreasing competition of H3O
þ and

Hþ ions.

b. When pH increases beyond 5, precipitation starts due to the formation

of complexes in the aqueous solution. Thus, the optimum adsorption

proceeds at pH 5 as shown in (Fig. 5).

Effect of Particle Size

In order to examine the effect of particle size on Eu (III) adsorption, the

particle diameters were studied in the range of (,250, ,500, ,1000 and

Figure 4. Weber and Morris intraparticle diffusion plot for Eu (III) onto H-APC.

Conditions: (C0: 50 mg l21, pH: 5, T: 208C, W: 0.02 g, V: 20 ml, Agitation speed:

300 rpm).
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1000 mm) at a fixed H-APC dose and an initial Eu (III) concentration of 50 mg

l21 as shown in (Fig. 6). The adsorption capacity for Eu (III) increased with a

decrease in the particle size.

This is because the adsorption being a surface phenomenon, the smaller

particle size offered a comparatively large surface area and, hence, higher

adsorption occurred at equilibrium (20, 32). According to Weber (21), the

Figure 5. Effect of initial pH of solution on the adsorption of Eu (III) onto H-APC.

Conditions: (C0: 50 mg l21, pH: 2–8, T: 208C, W: 0.02 g, V: 20 ml, Agitation speed:

300 rpm, time ¼ 2 h).

Figure 6. Effect of particle size on the adsorption of Eu (III) onto H-APC activated

carbon. Conditions: (C0: 50 mg l21, pH: 5, T: 208C, W: 0.02 g, V: 20 ml, Agitation

speed: 300 rpm, time ¼ 2 h).
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breaking of the larger particles tends to open tiny cracks and channels on the

particle surface, providing added surface area which can be employed in the

adsorption process. Besides adsorption at the outer surface of the H-APC

there is also the possibility of intraparticle diffusion from the outer surface

into the pores of the material. The diffusional resistance to mass transfer is

greater for large particles. Because of various factors, such as diffusional

path length or mass transfer resistance, contact time, and blockage sections

of the particle may not be utilized for adsorption and consequently the adsorp-

tion capacity of large particles may be low.

Effect of Adsorbent Weight and Batch Ratio (V/M)

The effect of the adsorbent dose versus the amount adsorbed, qe (mg g21) was

illustrated in (Fig. 7). It is apparent that by increasing the adsorbent dose the

adsorption efficiency (total amount of Eu (III) adsorbed from solution),

increases (22) but the adsorption density (amount adsorbed per unit mass

(qe)) decreases. It is readily understood that the number of available adsorp-

tion sites increases by increasing the adsorption dose and it, therefore,

results in the increase of removal efficiency. The decrease in the adsorption

density with an increase in the adsorbent dose is mainly due to unsaturation

of adsorption sites through the adsorption reaction. Another reason may be

due to the particle interaction, such as aggregation, resulting from high

sorbent concentration. Such aggregation would lead to a decrease in the

total surface area of the sorbent and an increase in the diffusional path

length (27). Particle interaction may also desorb some of the sorbate that is

only loosely and reversibly bound to the carbon surface. Also it was found

that the best V/M ratio is 3000 mL g21.

Figure 7. Effect of adsorbent weight and batch ratio (V/M) on the adsorption of Eu

(III) onto H-APC activated carbon. Conditions: (C0: 50 mg l21, pH: 5, T: 208C, W:

0.005, 0.010, 0.015, 0.020, 0.025, 0.030, 0.035 g, V: 20 ml, Agitation speed:

300 rpm, time ¼ 2 h).
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Effect of Temperature

Figure 8 shows the results of a series of kinetic experiments at (20, 40, and

608C) for the adsorption of Eu (III) onto H-APC activated carbon, and it

was clear that the uptake increases as the temperature increases, indicating

better adsorption at higher temperatures (i.e., endothermic process). The

increase in the amount of Eu (III) adsorbed at equilibrium with an increase

in temperature may either be due to acceleration of some originally slow

adsorption steps or to the creation of some new active sites on the adsorbent

surface at higher temperature.

Thermodynamics Studies

The thermodynamic parameters obtained for the sorption process were calcu-

lated using the equations:

lnKd ¼ DS0=R� DH0=RT ð9Þ

where Kd is the distribution coefficient (mL g21), DS0 is standard entropy

(J mol21 K21), DH0 is standard enthalpy (kJ mol21), T is the absolute tempera-

ture (K), and R is the gas constant (8.314 J mol21 K21). The experiments were

carried out at 293, 313, and 333 K for Eu (III) concentration 50 mg l21. The

values of DH0 and DS0 were calculated from the slopes and intercepts of

linear regression of lnKd versus 1/T (Fig. 9). The standard Gibbs free energy

DG0 values (kJ mol21) were calculated from the equation (24):

DG0 ¼ DH0 � TDS0 ð10Þ

Figure 8. Effect of temperature on the adsorption of Eu (III) onto H-APC activated

carbon. Conditions: (C0: 50 mg l21, pH: 5, T: 20, 40, 608C, W: 0.020 g, V: 20 ml, Agi-

tation speed: 300 rpm, time ¼ 2 h, Particle size ¼ whole particle size studied above).
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The values of DH0, DS0, and DG0 are reported in Table 4. In fact, the

positive value of enthalpy change DH0 for the processes further confirms

the endothermic nature of the process, the positive entropy of adsorption

DS0 reflects the affinity of the adsorbent material toward Eu (III), and the

negative free energy values DG0 indicate the feasibility of the process and

its spontaneous nature without an induction period.

Effect of Initial Concentration of Eu (III)

Figure 10 shows that the uptake of Eu (III) increases with increasing the initial

concentration of the solute up to 200 mg l21. Above this concentration and at

the equilibrium, which was attained after 120 min of contact between the

solute and H-APC activated carbon, there was no further rise probably due to

the limited active sites available to adsorption of Eu (III) on the carbon surface.

Adsorption Equilibrium Study

To optimize the design of an adsorption system for the adsorption of adsor-

bates, it is important to establish the most appropriate correlation for the

Table 4. Thermodynamic parameters for the adsorption of Eu (III) onto H-APC

DH0 (kJ mol21) DS0(J mol21 k21)

DG0 (kJ mol21)

293 K 313 K 333 K

8.648 4.306 27.13 27.20 27.30

Figure 9. Graphical determination of DH0 and DS0. Conditions: (C0: 50 mg l21, pH:

5, T: 20, 40, 608C, W: 0.020 g, V: 20 ml, Agitation speed: 300 rpm, time ¼ 2 h, Par-

ticle size ¼ whole particle size studied above).
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equilibrium curves. Various isotherm equations have been used to describe the

equilibrium characteristics of adsorption.

Freundlich and Langmuir Isotherms

The Freundlich (25) isotherm is derived by assuming a heterogeneous surface

with a non-uniform distribution of heat of adsorption over the surface, whereas

in the Langmuir (26) theory the basic assumption is that the sorption takes

place at specific homogeneous sites within the adsorbent. The Freundlich

model Eq. (11) and the Langmuir model Eq. (12) are given below:

Freundlich isotherm:

log qe ¼ logKF þ 1=n logCe ð11Þ

Langmuir isotherm:

Ce=qe ¼ 1=KLqm þ Ce=qm ð12Þ

Where KF is the Freundlich constant (L mg21), 1/n the heterogeneity factor,

KL the Langmuir adsorption constant (L mg21) related to the energy of

adsorption and qm signifies adsorption capacity (mg g21). These models

were tested with the equilibrium adsorption data of Eu (III) onto H-APC

adsorbent. To quantify the adsorption capacity of carbon H-APC for

removal of Eu (III), two-parameter isotherm models Eqs. (11) and (12)

were applied in linearized form (27) as shown in (Fig. 11). As seen, the

Langmuir isotherm fits better to the experimental data than the Freundlich

isotherm does for Eu (III) adsorption onto H-APC activated carbon. The

values of the parameters for the Langmuir and Freundlich isotherms are

given in Table 5.

Figure 10. Effect of initial concentration on the adsorption of Eu (III) onto H-APC.

Conditions: (C0: 50, 100, 150, 200, 250, 300, 350 mg l21, pH: 5, T: 208C, W: 0.020 g,

V: 20 ml, Agitation speed: 300 rpm, time ¼ 2 h).
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Dimensionless Separation Factor

The essential characteristics of a Langmuir isotherm can be expressed in terms

of a dimensionless separation factor, RL which describes the type of isotherm

and is defined by:

RL ¼ 1=ð1þ KLC0Þ ð13Þ

where; RL . 1, unfavorable; RL ¼ 1, linear; 0 , RL , 1, favorable; RL ¼ 0,

irreversible.

The values of RL for C0 ¼150 mg l21 are given in Table 5. The values of

RL obtained were found to be less than one for Eu (III) adsorption onto H-APC

carbon confirming that the adsorption process is favorable. From the Freun-

dlich isotherm, the value of 1/n was also found to be less than one,

showing that the adsorption process is favorable (28).

The Temkin Isotherm

The Temkin isotherm equation assumes that the heat of adsorption of all the

molecules in the layer decreases linearly with coverage due to adsorbent–

adsorbate interactions, and that the adsorption is characterized by a uniform

Table 5. Langmuirian and Freundlich coefficients of Eu (III) on H-APC carbon

Langmuir parameters Freundlish parameters

KL (l mg21) qm (mg g21) R2 R 1/n n (l mg21) KF (l mg21) R2

0.034 46.5 0.9877 0.164 0.21 4.76 13.16 0.9178

Figure 11. Langmuir and Freundlish linearized form of adsorption of Eu (III) onto

H-APC. Conditions: (C0: 50, 100, 150, 200, 250, 300, 350 mg l21, pH: 5, T: 208C,
W: 0.020 g, V: 20 ml, Agitation speed: 300 rpm, time ¼ 2 h).
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distribution of the binding energies, up to some maximum binding energy

(29). The Temkin isotherm equation is given as:

qe ¼ RT=b lnðKTCeÞ ð14Þ

Eq. (14) can be linearized as:

qe ¼ B1lnKT þ B1 lnCe ð15Þ

where B1 ¼ RT/b and KT are the constants. KT is the equilibrium binding

constant (L mol21) corresponding to the maximum binding energy, and

constant B1 is related to the heat of adsorption. A plot of qe versus lnCe

(Fig. 12) enables the determination of the isotherm constants KT and B1.

The values of KT and B1 as obtained are: 3.614 and 23.59 (L mg21) respect-

ively; with the value of the correlation coefficient (R2 ¼ 0.999). It may be

concluded that the Temkin isotherm represents the equilibrium data with

the best fitting.

Effect of Anions and Cations

Using the optimized parameters determined, the adsorption of Eu (III) onto

H-APC carbon was studied in the presence of various anions and cations

(C0 ¼ 50 mg l21 for anions and cations). The results are listed in Table 6

and indicated that the capacity of the activated carbon for adsorption of Eu

(III) can be markedly affected by certain anions and cations. Effect of

anions on the adsorption of Eu (III) by H-APC take the following order

according to higher capacity:

Figure 12. Temkin isotherm equation for Eu (III) adsorption onto H-APC activated

carbon. Conditions: (C0: 50, 100, 150, 200, 250, 300, 350 mg l21, pH: 5, T: 208C, W:

0.020 g, V: 20 ml, Agitation speed: 300 rpm, time ¼ 2 h).
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Phosphate . carbonate . oxalate . acetate

. Eu (III) only . nitrate . chloride

Some anions, such as chloride, form complexes with metal ions and therefore,

affect the adsorption process (30). Whereas, phosphate anion forms an

insoluble complex increasing the adsorbability of Eu (III) form solution as

shown in Table 6.

Ca2þ, Mg2þ, Kþ, and Naþ are the common cations present in water that

may compete with metal ions for adsorption and can affect the removal of

metal ions (31). As seen from Table 6 all cations decreases the uptake of

Eu (III) especially Al3þ which decreases the uptake to half of its value in

the absence of Al3þ. This may be due to relative competition between the

cations and Eu (III) onto the active centers of the H-APC carbon. The

uptake of Eu (III) from solution using H-APC take the following order: Eu

(III) only . Kþ . Naþ . Ca2þ . Mg2þ . Al3þ.

Desorption Studies

Desorption of Eu (III) from the spent adsorbent was studied. The carbon

loaded with the maximum amount of Eu (III) were placed into desorption

medium containing 0.5 M of different reagents and the amount of metal

ions desorbed in 4 h was measured. Table 7 shows the results of desorption

of Eu (III) using a different reagent. Obtained results demonstrated that

99.06% of the adsorbed Eu (III) was quantitatively desorbed from the

loaded matrix of H-APC carbon to the suspending medium using 0.5 M

HCl (and more than 95% by using 0.05 M HNO3). The second and third

adsorption cycles reveal that the H-APC carbon can be reused with very

small loss in efficiency. Approximately 95% of the initial adsorption

capacity is obtained in the third cycle.

Table 6. Effect of diverse ion on the adsorption of Eu (III) onto H-APC activated

carbon

No.

Anions Cations

Type qe (mg g21) Type qe (mg g21)

1 Sodium acetate 29.65 Potassium nitrate 23.86

2 Sodium chloride 22.94 Sodium nitrate 22.64

3 Sodium carbonate 35.32 Calcium nitrate 22.18

4 Sodium oxalate 33.34 Magnesium nitrate 21.9

5 Sodium nitrate 24.02 Aluminum nitrate 12.62

6 Sodium phosphate 42.38 Eu (III) only 24.04
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Treatment of Laboratory Wastewaters

The utilization of the H-APC activated carbon for wastewater treatment has

been tested by treating the laboratory wastewaters. The composition of exper-

imental wastewaters is a mixture of Eu (III), buffer solution and arsenazo (III)

used in the determination of Eu (III) using UV-specrophotometer. Laboratory

wastewater was collected from experimental work of Eu (III) and treated by

H-APC prepared carbon to examine the efficiency of this carbon for

treatment of wastewater. Table 8 shows the effect of the mass of activated

carbon on the % removal of the constituents of laboratory wastewater. The

% removal was found to increase with increase in mass of carbon as

discussed above. The 99.1% removal was achieved only in 40 min of

contact between carbon and laboratory wastewater. From these experimental

results, it may be demonstrated that the 2.5 gm of H-APC can be successfully

utilized as adsorbents for treating 1 L of laboratory wastewaters rich in

Eu (III), buffer, and arsenazo (III).

Simple Economic Evaluation

Apricot stone is available in abundance as a waste from the agricultural

by-products industries at no cost. However, the handling charges for the

Table 7. Desorption of adsorbed Eu (III) from using different desorbing reagents

No.

Reagents

(0.5 M)

Desorption

(%)

Effect of conc. of HCl Effect of conc. of HNO3

Concen-

tration (M)

Desorption

(%)

Concen-

tration (M)

Desorption

(%)

1 Hydrochloric 99.06 0.05 38.38 0.05 95.97

2 Nitric 92.73 0.1 61.58 0.1 95.82

3 Sulphoric 33.86 0.2 81.83 0.2 92.99

4 Oxalic — 0.3 96.64 0.3 92.77

5 Tartaric 52.73 0.4 97.02 0.4 92.77

6 Phthalic 45.46 0.5 99.06 0.5 92.73

Table 8. Treatment of laboratory wastewater using

H-APC activated carbon

No.

Mass of

H-APC

V/M
(mL g21) % Removal

1 0.005 2000 97.55

2 0.010 1000 98.47

3 0.015 666.7 98.63

4 0.020 500 99.07

5 0.025 400 99.10
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collection, transportation, and preparation of activated carbon will be

involved. But the total cost of H-APC will be extremely low in comparison

to those for commercial activated carbon (CAC). The cost of CAC makes

the recovery of the Eu (III) and the regeneration of the adsorbent a must.

However, the exhausted H-APC along with the adsorbed Eu (III) can be

either regenerated or dried and used as a fuel in the boilers/incinerators, or
can be used for the production of fire briquettes. The ash may be used to

make fire-bricks, thus, disposing of Eu (III) through chemical fixation. This

approach of H-APC disposal entails energy recovery from the H-APC and

the safe disposal of the adsorbed Eu (III).

CONCLUSION

In this study, agriculture by-products such apricot stone was used for the prep-

aration of low-cost adsorbents. One of these adsorbents (H-APC) has been

investigated for the adsorption/desorption of Eu (III) from the aqueous

solution. According to the results obtained, we can conclude that:

a. A small amount (1 g l21) of H-APC could remove over 97% of Eu (III)

within 30 min contact time between adsorbent and adsorbate.

b. The adsorption capacity of Eu (III) onto H-APC was increased by increas-

ing of pH, temperature, concentration of Eu (III), decreasing particle size

and dose of adsorbate, and the presence of (phosphate, carbonate, oxalate,

acetate) anions.

c. On the other hand, the chloride and all cations (specially Al3þ) investi-

gated were found to decrease the adsorption of Eu (III) onto H-APC

activated carbon.

d. The experimental data showed perfect fitting with the Temkin isotherm,

which confirm that the adsorption is characterized by a uniform distri-

bution of binding energies, whereas the data obtained were in good

agreement with the Langmuir isotherm with maximum adsorption

capacity of 46.5 mg g21.

e. The results indicated that the adsorption kinetics follow the pseudo-

second-order rate with intraparticle diffusion as one of the rate determin-

ing steps.

f. From the thermodynamic parameters, the positive DH0 confirms the

endothermic nature of the process, the positive DS0 reflects the affinity

of the adsorbent toward Eu (III), and the negative DG0 indicate the feasi-

bility of the process and its spontaneous nature without an induction

period.

g. Hydrochloric acid was selected for regeneration of H-APC activated

carbon, and it was found that the Eu (III) could be desorbed by 99.06%

with 0.5 M HCl. Approximately 95% of the initial adsorption capacity

is obtained in the third cycle.
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h. 2.5 gm of H-APC can be successfully utilized as adsorbents for treating

1 L laboratory wastewaters rich in Eu (III), buffer, and arsenazo (III)

only in 40 min.

i. From the economic point of view, the total cost of H-APC will be

extremely low in comparison to those for commercial activated carbon

(CAC).

j. This work confirms that the H-APC activated carbon prepared from

apricot stone using 70% H3PO4 can be considered as an adsorbent that

has a commercial potential for Eu (III) treatment (removal and/or pre-
concentration).
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