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Abstract In nuclear power plants and nuclear laborato-

ries, laundry wastewater is generated from decontaminat-

ing polluted instruments, worker’s clothes and taking

shower after work. Laundry wastewater contains radio-

nuclides and surfactants. The surfactants included in

laundry wastewater affect the extraction of radionuclides.

Therefore, surfactants should be removed before extraction

of radionuclides. The objective of the present work is to

assess the ability of commercial charcoal for the removal of

nonionic surfactants, where, commercial charcoal is a

commonly available adsorbent for treatment. Charcoal was

characterized using different analytical techniques. The

isotherm models and thermodynamic parameters were

evaluated. Charcoal was applied to the removal of surfac-

tant from liquid radioactive waste. The data obtained can

be used for designing a plant for treatment of surfactant

rich water and wastewater economically.

Keywords Adsorption � Nonionic surfactant � Triton

X-100 � Liquid radioactive waste

Introduction

Surface active agents (surfactants) are in a widespread use

throughout the world. Million tons of surfactants are pro-

duced annually [1]. Three concepts need to be considered

in order to be able to understand the mechanisms of work

in surfactant solutions such as solubility, adsorption on a

surface and the formation of micelles. The adsorption

property is that provides the surface active effects of

foaming, wetting, emulsification, dispersion of solids and

detergency. The functional effects of emulsification and

detergency are also accompanied by the formation of

micelles. Surfactants reduce surface tension in water and

other liquids through the accumulation of oriented mole-

cules at the interface. This property derives from their

amphiphilic structure which includes a hydrophilic head

and a hydrophobic tail within the same molecule. The

cleaning and dispersant effects of surfactants are due to the

aforementioned interfacial activity and it is shown in

Fig. 1. Surfactants are widely used for solubilization/

mobilization purposes in a wide range of uses in technical

applications such as agrochemicals, the metal and mining

industry, polymers, microelectronic, paper industries, etc.

[1]. Understanding the adsorption mechanism of surfactant

molecules at the solid–liquid interface is an important way

toward modeling industrial processes which use surfactants

on a large scale [1, 2].

Such extensive applications of surfactants have pro-

duced environmental pollution and have raised problems in

wastewater treatment plants [1, 3].The experimental data

have shown that surfactants can kill microorganisms at

very low concentrations (1–5 mg/L) and harm them at even

lower concentrations (0.5 mg/L). In addition, surfactants

can produce foams, which are a significant problem in

liquid waste treatment. Therefore, the removal of the sur-

factants from wastewater is important in reducing their

environmental impact [3].

The generation of liquid radioactive wastes varies from

country to country depending on the applications and type

of activity associated with nuclear and radioactive material

utilization in that country. These wastes can affect all

forms of life, so their safe removal and treatment has
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received considerable attention worldwide [4–6]. Treat-

ment of liquid radioactive waste quite often involves the

application of several steps to meet the requirements both

for the release of decontaminated effluents into the envi-

ronment and the conditioning of waste concentrates for

disposal [5–7].

Large amounts of hot shower and laundry waste water,

which include organic compounds such as residual cleaner,

complexing reagents and low level radioactive materials, are

generated in nuclear laboratories and nuclear power plants.

There is a need to develop technology for its simple, cheap

and fast purification treatment. The treatment system usually

consists of the following two processes. The first process is

removal of organic compounds from the waste water, the

major one being surfactants. The second process is removal

of such precipitants as iron oxides which include radioactive

species [6, 8, 9]. A particular problem is posed by low level

radioactive waste (LRW) from special laundries of nuclear

laboratories and nuclear power plants, whose processing is

complicated by their high content of surfactants and other

components of detergents used. The presence of surfactants

in radioactive waste affects the extraction and removal of

Co2?, Sr2? and Cs? [5].

Various methods have been suggested for removal of

these compounds such as preliminary oxidation with

potassium permanganate or Fenton’s reagent, ozonation,

membrane purification, electrocoagulation, and various

adsorption techniques [10–13]. In adsorptive purification of

wastewater from laundries of nuclear power plants, it is

necessary to take into account that surfactants contained in

such LRW can spontaneously form in solutions hydrophilic

aggregates, micelles which contain up to 100 surfactant

molecules. The state of surfactants in solution (as separate

molecules, ions, or associates of these) and their sorbability

depend on various factors: nature of surfactants, concen-

tration and temperature of their solutions, etc. [10].

Adsorption is a commonly used method in water treatment

and other separation processes. It is an attractive since it is

a fast and simple operation besides the availability of a

wide variety of commercial adsorbents [14]. The key factor

for the adsorption process is the choice of adsorbent. A

good quality adsorbent should have, fast kinetics of inter-

action with the adsorbate, porous structure resulting in high

surface area and high adsorption capacity [15].

In our group, we used activated carbon prepared from

Rice’s straw, sawdust and commercial activated carbon in

Fig. 1 Mechanism of dust or

waste removal: (1) adhesion; (2)

separation and (3) repulsion [1]
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the removal of radioisotopes such as cesium, europium and

uranium in addition to nitrate and nitrite anions in single-

and binary-component systems [14–18]. The objective of

the present work is to examine the adsorptive removal of

nonionic surfactant from wastewater and from low level

liquid radioactive waste solutions. Triton X-100 (TX100)

was chosen as model surfactants, because it is a commonly

used non-ionic surfactant in the households as detergents or

care products, soil remediation, immunochemistry and had

a potential application foreground. Although the TX100

adsorption at the concentration below CMC (critical

micelle concentration) has been studied, no studies are

focused at concentration above CMC. The obtained results

may be used as a starting point in waste water treatments.

Experimental

Reagents and chemicals

The model nonionic surfactant used in this study was

polyoxyethylene glycol tertoctylphenyl ether (Triton X-100

or TX100) and obtained from Merck Chemicals. TX100

was used as received, without any further purification.

Commercial available charcoal activated was supplied

from El Nasr Pharmaceutical Chemicals Company (Ad-

wic), Egypt. All the reagents and chemicals used were of

analytical reagent grade.

Instruments and apparatus

Surfactant analysis

After centrifugation, the concentration of TX100 in the

clear supernatant was determined by measuring UV

absorbance at 222 and 275 nm wavelength using UV–Vis

spectrophotometer (Shimadzu, UV-1601 model). Quartz

cells of 10 mm path length were used. A calibration plot

(absorbance vs. concentration) was obtained by measuring

absorbance of surfactant solution of known concentration.

Radioactive wastewater samples

In the case of radioactive waste, the metal ions in waste

solution were determined radiometrically, using a high

resolution (7.5 %) NaI(Tl) c-ray spectrometry model

802-3X3 with pulse height multi-channel analyzer (McA),

Canberra, USA.

Adsorbent characterization

Charcoal was characterized using analytical techniques

such as: scanning electron microscope (SEM), energy-

dispersive X-ray spectroscopy (EDX), Fourier transform

infrared (FT-IR), differential thermal analysis (DTA-

TGA).

Fourier transform infrared spectrum was recorded using

Nicolet is spectrometer from Meslo, USA to identify the

functional groups using the KBr disc method. In this con-

cern, the sample was thoroughly mixed with KBr as a

matrix, the mixture was ground and then pressed with a

special press to give a disc of standard diameter. The disk

formed was examined in FTIR spectrophotometer in the

range from 4,000 to 400 cm-1.

Thermal stability of the adsorbent was studied with a

Shimadzu DTG 60—thermal analyzer, Japan. It was used

for the measurements of the phase changes and

weight losses of the sample, respectively, at heating rate of

10 �C/min in presence of nitrogen gas to avoid thermal

oxidation of the powder sample.

The surface morphology was determined with SEM and

SEM-energy dispersive X-ray spectroscopy (EDX) using

Jeol scanning electron microscope of JSM-6510A Model,

Japan. The morphology and grain size of the particles were

identified, operating with beams of primary electrons

ranging from 5 to 30 keV. Samples were washed, dried and

mounting on support and then made conductive with

sputtered gold.

Surface area of charcoal was determined using nitrogen

adsorption/desorption isotherm at 77 K on an automatic

adsorption instrument (Quantachrome Instruments, Model

Nova1000e series, USA) in relative pressure ranging from

10-6 to 0.999. Charcoal was degassed at 250 �C under

nitrogen flow for 9 h. followed by their analysis to evaluate

the porous parameters. The amount of nitrogen adsorbed

onto the samples was used to calculate the specific surface

area by means of the BET equation. The total pore volume

(V pore) was deduced from the adsorption data based on

the manufacturer’s software and the pore size distribution

was derived from the Dubinin-Astakhov theory. The

micropore volumes (V micro) were deduced using the

t-plot method.

For the equilibration experiments, the aqueous and solid

phases were mixed together using a thermostated

mechanical shaker of the type Julabo SW-20C. Germany,

controlled within ±1 �C and with stirring range from 20 to

2,000 rpm.

Adsorption experiments

An adsorption test on the charcoal was performed in order

to determine the time needed to reach equilibrium and the

pattern of the kinetics. For this purpose, samples of 0.05 g

of charcoal were transferred into bottles containing 25 ml

of surfactant solution. The bottles were shaked. The sam-

ples were taken from the shaker at 35 �C at predetermined
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time intervals. The residual concentration of surfactant at

any time, t, was determined spectrophotometrically. All

adsorption experimental tests were made twice. The per-

centage removal, R%, of the surfactant at equilibrium and

the amount of surfactant transferred onto the surface of

charcoal at time t, qt (mg/g) and at equilibrium qe (mg/g),

were calculated using the following relationships:

R % ¼ Co � Ct

Co

� 100 ð1Þ

qt ¼ ðCo � CtÞ
V

m
ð2Þ

qe ¼ ðCo � CeÞ
V

m
ð3Þ

where qt shows the amount of surfactant adsorbed on

charcoal at time t. Co, Ct and Ce represent surfactant con-

centrations in the solution (mg/l) at initial, time t and

equilibrium respectively. V is the volume of solution (L),

and m is the mass of charcoal (g).

Results and discussion

Understanding of adsorption technique is possible with

knowledge of the optimal conditions, which would show a

better design and modeling process. Thus, the effect of

some parameters like pH, contact time, mass of charcoal

and initial concentration of surfactant on the uptake process

was investigated. Adsorption studies were performed by

batch technique to obtain the equilibrium data.

Adsorbent characterization

The shape of the adsorption isotherm can provide qualita-

tive information on the adsorption process and the extent of

the surface area available to the adsorbate. The properties

of the charcoal were characterized in terms of pore volume,

surface area and pore size distribution. In order to deter-

mine specific surface area and porous volumes, charcoal

was characterized by BET method. N2 adsorption–

desorption isotherms and pore size distribution analysis of

charcoal are shown in Figs. 2 and 3.

The charcoal is a Type I according to the IUPAC iso-

therm, showing well-developed micropores. It is evident

that most of the pore volume of the charcoal was filled

below a relative pressure of about 0.1, indicating their high

microporosity. After a sharp increase in the relative pres-

sure to 0.1, the isotherms showed only very small increases

in the pore volume, which is typical Type IV for mesopore

volume. Type I exhibited by microporous solids and Type

IV exhibited by mesoporous solids, initial part of the Type

IV follows the same path as the Type II. The hysteresis

loop of the sample is of H4 type. Type H4 loops feature

both parallel and almost horizontal branches. This occur-

rence has been attributed to adsorption desorption in nar-

row slit-like pores.

The pore characteristic of charcoal is summarized in

Table 1. The data obtained shows that charcoal offers high

micropore volume. The data in this Table 1 also suggest

that the mesopore volume of charcoal is negligible com-

pared with micropore volume. It is defined that the size of

micropore is less than 2 nm, that of mesopore is 2–50 nm,

Fig. 2 Adsorption and desorption isotherm of N2 by charcoal

Fig. 3 Pore size distribution of charcoal

Table 1 Pore characteristic of charcoal sample

Parameter Value

BET surface area (m2/g) 610.99

Langmuir surface area (m2/g) 946.74

Average pore radius (nm) 1.198

Total pore volume (cm3/g) 0.366

Micropore volume (cm3/g) 0.091

Mesopore volume (cm3/g) –a

a This value not determined due to its low value
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and that of macropore is more than 50 nm. The pore size

distribution seems located in the micropore region.

Studies on a charcoal’s surface topography could pro-

vide important information on the degree of interaction

between the charcoal particles and the TX100 surfactant

molecules [19]. SEM was used to study the surface mor-

phology of charcoal. The textural structure of the charcoal

is presented as scanning electron micrograph at 9750

magnification, Fig. 4. The SEM image showed the irregu-

lar texture and porous nature of the surface of the charcoal.

The seemingly rough surface of the adsorbent is an indi-

cation of high surface area [19].

An FTIR spectrum of charcoal was obtained in the range

of 4,000–400 cm-1. The spectrum of charcoal displays a

number of absorption peaks, indicating the complex nature

of the material under study, Fig. 5. A wide band with three

maximum peaks can be noticed at 3,836 and 3,739 and

3,430 cm-1, are due to an O–H stretching mode of

hydroxyl groups and adsorbed water, however, it must be

indicated that the bands in that range have also been

attributed to the hydrogen-bonded OH group of alcohols

and phenols. The presence of –NH groups are also indi-

cated by the band at 3,430 cm-1. Presences of C:C or

C:N are indicated by the band at 2,356 cm-1 [20, 21].

The peak at 1,635 cm-1 is attributed to C=O amide that

can be distinguished on surface of the charcoal as a result

of the presence of ammonia and primary amines in the

process of manufacturing of the sample. The peak occur-

ring at 1,600 cm-1 is attributed to a vinyl-like C=C func-

tional group or of carbonyl groups chelated to phenolic

hydroxyl groups which support the above assumption [22].

Moreover, the band at 1,540 cm-1 is attributed to conju-

gated C=C or the aromatic ring. The peak occurring at

1,455 cm-1 is attributed to C–H bending vibrations. [23].

The peak at 1,159 cm-1 is ascribed to either Si–O or C–O

stretching in alcohol, ether or hydroxyl group [24] also can

be associated with ether C–O symmetric and asymmetric

stretching vibration (–C–O–C– ring) or attributed to the

anti-symmetrical Si–O–Si stretching mode [25].

The thermal properties of charcoal were studied to

investigate its thermal stability at high temperature oper-

ating condition. Thermogravimetric analysis, TGA, and

differential thermal analysis, DTA, of charcoal sample up

to 800 �C are shown in Fig. 6. The sample has lost water

content and light chemicals up to 100 �C and exhibits no

mass loss until about 400 �C. After 410 �C mass loss rate

has increased depending on the removal of volatiles

organic components of sample and at 800 �C total mass

loss has reached to about 88 %. Disintegration of charcoal

sample begins at 410 �C and is ended at 790 �C. From the

DTA curve, the first two endothermic peaks appear in the

temperature range of 30–60 �C. Such endothermic effect

corresponds to water release and light volatile organic

Fig. 4 SEM image of charcoal

Fig. 5 FTIR spectrum of charcoal

Fig. 6 TGA and DrTGA curves of charcoal
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compounds and the size of its area speaks about the amount

of water and organic loss and temperature limits in which

the release takes place. Other endothermic peaks appear in

the temperature range of 600–780 �C.

Effect of pH on the adsorption process

The pH value of TX100 solutions plays an important role

in the whole sorption process and particularly in capacity

of charcoal as adsorbent. The pH of the solution affects the

surface charge of the adsorbents as well as the degree of

ionization of different pollutants. The H? and OH- ions are

adsorbed quite strongly and therefore the adsorption of

other pollutants is affected by the solution pH. The change

in pH affects the adsorptive process through dissociation of

functional groups on the charcoal surface active sites. This

subsequently leads to a shift in kinetics and equilibrium

characteristics of adsorption process. To study the influ-

ence of pH on the adsorption capacity of charcoal to

TX100, experiments were performed using different initial

solution pH values, changing from 1 to 9. The results

obtained are shown in Fig. 7.

Figure 7 shows that the effect of pH on the adsorption of

TX100 is rather small. The charcoal exhibited high

adsorption efficiency for TX100 with uptake higher than

220 mg/g within a pH range of 4.5–6.0, followed by a

slight decrease with further increase in pH of solution. For

this reason, a pH value of 5.0 was chosen for all further

studies.

Effect of contact time and initial concentration

on adsorption process

Sorption is time-dependent process and the equilibrium

time is one of the most important parameters for

economical liquid waste treatment application. Short

sorption equilibrium contact time favors the application of

the sorption system. TX100 removal by charcoal was

studied using three different initial concentrations so as to

optimize the adsorption equilibrium time. Figure 8 illus-

trate the adsorption of TX100 on charcoal from aqueous

solution as a function of contact time and initial concen-

tration. It was found that the amount of TX100 adsorbed

increases with increase in contact time, but after some

time, it gradually approaches a constant value, denoting

attainment of equilibrium. The uptake of TX100 by char-

coal was very rapid at the beginning. The initial rapid

phase may be due to the large number of vacant sites

available at the initial period of the sorption. However, the

amount of TX100 adsorbed increases with time and

reaches a constant value after about 1 h. After the equi-

librium time, the amount of TX100 adsorbed did not sig-

nificant change with time. This plateau represents

saturation of the active sites available on charcoal for

interaction with TX100 molecules. It was assumed that the

equilibrium time is that at which curves appear nearly

asymptotic to the time axis. In the present case, the equi-

librium time for TX100 removal was obtained at 60 min

and hence considered for further study.

It can be seen that the adsorption of TX100 at different

concentrations is rapid in the initial stages and gradually

decreases with the progress of adsorption until the equi-

librium is reached. The amount of TX100 adsorbed at

equilibrium (qe) increased from 230 to 270 mg/g as the

concentration was increased from 500 to 700 mg/l. This

may be because an increase in initial concentration

enhances the interaction between TX100 molecules and the

surface of charcoal. The initial concentration of TX100

provides an important driving force to overcome all mass

transfer resistances of the TX100 between the aqueous and

solid phases. Hence a higher initial concentration of sur-

factant will enhance the adsorption process. For higher

initial concentration studied, it was found that there was no

significant change on the equilibrium time at the observed

initial TX100 concentration range. The uptake of TX100

surfactant versus time curves is smooth and continuous

leading to saturation, suggesting the possibility of mono-

layer coverage of TX100 on the outer surface of charcoal.

Effect of adsorbent dosage

Adsorbent amount is an important parameter. It determines

the capacity of an adsorbent for a given initial concentra-

tion of TX100 surfactant and helps to optimize a cost-

effective dosage for a complete-mixed flow reactor. The

effect of adsorbent dosage on TX100 removal was carried

out with a wide range of 0.05–1.0 g and the results were

presented in Fig. 9.
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Fig. 7 Effect of initial pH solution on the adsorption of TX100 onto
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The observations reveal that an increase in the adsorp-

tion occurs with the corresponding increase in the amount

of charcoal. The increase in the removal efficiency with

simultaneous increase in charcoal dose is due to the

increase in its surface area, and hence more active sites

were available for the adsorption of TX100. The results

showed that charcoal was efficient for 61.2 % removal of

TX100 at the lowest dose of 0.05 g/25 ml and 97.5 % at

maximum dose of 1 g/25 ml, respectively. At higher doses

of charcoal, more sorbent surface area will be available for

the sorption reaction and which results in higher removal.

It may also be observed that initially the removal of

TX100 increases as the dose of charcoal is increased from

0.05 g till about 0.6 g/25 ml after which it increases

slightly till 1.0 g/25 ml. This may be due to TX100

exhaustion, i.e. non-availability of TX100 or even due to

non sorbability of TX100 as a result of charcoal-TX100

interaction.

Isotherm data analysis

At constant temperature, the relation between the amount

of TX100 surfactant adsorbed and its concentration in the

equilibrium solution is called adsorption isotherm. In

adsorption, the TX100 adsorbate accumulates into the

surface of charcoal which can be represented using

adsorption isotherm models. Basically, adsorption isotherm

is important to describe how TX100 interacts with adsor-

bents. Isotherms help in determining the feasibility of

charcoal for treating TX100 in water [18]. Information

derived from such data is important also in comparing

different sorption media. In addition, analysis of the iso-

therm data is important to develop an equation which

accurately represents the results and which could be used

for design purposes and to optimize an operating procedure

[19]. An attempt is made to test the Langmuir and Fre-

undlich isotherms models for TX100 removal. The Lang-

muir and Freundlich isotherms are used most frequently to

describe the adsorption data and for that reason, they were

tested in this work [14].

Langmuir isotherm

The Langmuir conventional isotherm model is based on the

assumption that (i) maximum adsorption corresponds to

monolayer of TX100 adsorbate molecules on the homog-

enous adsorbent surface, (ii) no interaction between the

adsorbate and the adsorbent in the adsorption process, (iii)

the energy of adsorption is constant for all molecules and

(iv) there is no transmigration of adsorbate molecules in the

plane of the surface. The linear form of Langmuir isotherm

is illustrated in the following equation [19].

1

qe

¼ 1

Q
þ 1

bQ

1

Ce

� �
ð4Þ
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where Ce is the equilibrium concentration (mg/l), qe is the

amount of TX100 (mg/g) at equilibrium, Q is the theoret-

ical monolayer capacity, and b is the sorption equilibrium

constant related to the energy of adsorption. The linear

plots of 1/Ce versus 1/qe shows that adsorption obeys

Langmuir adsorption model. A straight line was obtained

with high correlation coefficient (R2 = 0.94), confirming

that Langmuir isotherm is applicable for adsorption of

TX100 onto charcoal adsorbent. From the slope and

intercept, one can determine the value of sorption equi-

librium constant, b which gives a value of 0.0818 l/mg, and

the monolayer capacity, Q of value of 285.71 mg/g.

One of the essential characteristics of Langmuir iso-

therm model can be expressed in terms of a dimensionless

constant [19] called separation factor or equilibrium

parameter, RL, which can be calculated from Langmuir

constant, b, as the following:

RL ¼
1

1þ bCo

ð5Þ

where b is a Langmuir constant and C0 is the initial con-

centration of TX100. The value of RL indicates the type of

isotherm to be irreversible if, RL = 0, favorable

0 \ RL \ 1, linear RL = 1, or unfavorable RL [ 1. The RL

value was found to be equals 0.03 which is less than 1 and

greater than 0 indicate favorable adsorption of TX100 onto

charcoal.

Freundlich isotherm

The Freundlich isotherm equation was also applied to the

adsorption of TX100 surfactant on charcoal. The Freund-

lich isotherm is commonly used to describe adsorption

characteristics for heterogeneous adsorbent surface (mul-

tilayer adsorption). It generally agreed quite well compared

to above model and experimental data over a moderate

range of adsorbate concentrations. The logarithmic form of

the Freundlich equation is [18]:

log qe ¼ log K þ 1

n
log Ce ð6Þ

where Ce is the equilibrium concentration (mg/l), n, K are

constants which depend on the nature of the adsorbate,

adsorbent and temperature. Plot of log qe versus log Ce

yielding a straight line indicates the confirmation of Fre-

undlich isotherm model for sorption. The Freundlich con-

stants 1/n and k can be determined from the slope and the

intercept respectively, as illustrated in Table 2.

The constants K and n were found to be 139.96 and 7.89,

respectively. The value of 1 \ n \ 10 shows a favorable

sorption of TX100 onto charcoal. The correlation coeffi-

cient for the Freundlich plot was found to be 0.96 indi-

cating a better fit of the experimental data compared to

Langmuir plot. The adsorption of TX100 by charcoal obeys

to Freundlich isotherm with high correlation coefficient

(figures not shown, we took the results for the sake of

brevity).

Effect of temperature and thermodynamic parameters

It is well known that temperature changes play an impor-

tant role in sorption process [14, 15, 18]. To know an

indication about thermodynamic of adsorption, effect of

temperature on adsorption capacity should be studied. The

plot of adsorption capacity of 700 lg/ml as a function of

temperature shows an increasing amount of adsorbed

TX100 surfactant with temperature from 25 to 50 �C,

indicating that the adsorption is an endothermic process,

Fig. 10.

For TX100, the surface coverage increased at higher

temperatures, this may be attributed to increased penetra-

tion of TX100 inside micropores at higher temperatures or

the creation of new active sites or formation of more than

one molecular layer on the surface of charcoal. The

increase in the adsorption may be a result of increase in the

mobility of TX100 molecules with increasing temperature.

An increasing number of molecules may also acquire suf-

ficient energy to undergo an interaction with active sites at

Table 2 Langmuir and Freundlich parameters for sorption of TX100

surfactant

Langmuir parameters Freundlich parameters

Q (mg/g) RL b (L/mg) R2 K (mg/g) n R2

285.71 0.03 0.055 0.94 139.96 7.89 0.96
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Fig. 10 Effect of temperature on the removal of TX100 onto

charcoal

310 J Radioanal Nucl Chem (2014) 302:303–313

123



the surface of charcoal [26]. Furthermore, increasing tem-

perature may produce a swelling effect within the internal

structure of the charcoal which enabling large amount of

TX100 to penetrate further [14]. The obtained results

indicate that adsorption capacity of TX100 increased by

increasing temperature.

The temperature dependence of the adsorption process is

associated with changes in several thermodynamic

parameters. Thermodynamic parameters such as Gibbs free

energy, DG�, enthalpy, DH�, and entropy changes, DS� for

the adsorption of TX100 onto charcoal can be calculated

using Van’t Hoff equation as the following [19, 27]:

DG� ¼ �RT ln Kd ð7Þ

log
qe

Ce

� �
¼ DS�

2:303R
þ �DH�

2:303R

1

T
ð8Þ

DG� ¼ DH� � TDS� ð9Þ

where Kd is the distribution coefficient; Kd = qe/Ce (L/g),

R is the general gas constant (R = 8.314 J/mol K) and T is

the absolute temperature (K).The relation between log Kd

and 1/T is given in Fig. 11. This figure showed a linear

relation (R2 = 0.98), the values of enthalpy change and

entropy change can be calculated from the slope and

intercept, respectively. Values of these parameters are lis-

ted in Table 3.

From these values one can conclude that the positive

value of DH� confirming the endothermic nature of the

adsorption process. This phenomenon may be due to the

behavior of TX100 in aqueous solution, which displaced

more than single water molecule adsorbed previously on

charcoal which leads to endothermic adsorption process. In

addition the small values of DH� (12.72 kJ/mol) are not

compatible with the formation of strong chemical bonds

between TX100 molecules and the sites on the charcoal

surface [27]. The positive value of DS� shows the increased

randomness at the charcoal/solution interface with some

structural changes in the charcoal and an affinity of char-

coal toward TX100 [19]. The obtained negative value of

free energy change, DG�, confirming that adsorption of

TX100 onto charcoal is spontaneous and thermodynami-

cally favorable process [28].

Mechanism of TX100 adsorption

There are several mechanisms by which surfactant mole-

cules may adsorb onto the solid phase adsorbents from

aqueous media. Generally, the adsorption of surfactants

involves single molecules adsorption rather than micelles

adsorption [29]. i. Ion exchange: replacement of counter

ions adsorbed onto the substrate from the solution by

similarly charged surfactant molecules. ii. Ion pairing:

adsorption of surfactant from aqueous medium onto

oppositely charged sites unoccupied by counter ions. iii.

Hydrophobic bonding: adsorption occurs by this mecha-

nism when there is an attraction between a hydrophobic

group of adsorbed molecule and a molecule present in the

aqueous media. iv. Adsorption by polarization of p elec-

trons: when the surfactant contains electron-rich aromatic

nuclei; the adsorbent has strongly positive sites, attraction

between electron rich aromatic ring of the adsorbate and

positive sites on the solid phase adsorbent results in

adsorption. v. Adsorption by dispersion forces: Adsorption

by London–van der Waals force between adsorbate and

solid phase adsorbent increases with the increasing

molecular weight of the adsorbate molecule.

Comparison of adsorption capacities of various

adsorbents for TX100 surfactant

Table 4 represents a comparison of the adsorption capacity

of charcoal obtained in this study with other adsorbents

obtained in the literature for the adsorption of TX100. It

shows that charcoal can be considered as a promising

material for removing TX100, even compared to some

other low cost adsorbents and activated carbons previously

suggested for the uptake of TX100 from aqueous solutions.

0.00310 0.00315 0.00320 0.00325 0.00330 0.00335 0.00340

3.18

3.20

3.22

3.24

3.26

3.28

3.30

3.32

3.34

3.36

3.38
lo

g 
K

d

1/T (K-1)

Fig. 11 Van’t Hoff plot for adsorption of TX100

Table 3 Thermodynamic parameters for adsorption of TX100 onto

charcoal

Temp. K Kd L/g DH� (KJ/mol) DS� (J/mol K) DG� (KJ/mol)

298 1.559 12.72 103.69 -18.19

303 1.634 -18.70

313 2.00 -19.74

323 2.278 -20.78
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Application to real samples

One of the most important factors that should be consid-

ered when testing any solid phase used as adsorbent in the

removal of any pollutant(s) is the application to real sam-

ples. In this study, two different real radioactive waste-

water samples were collected from Wastewater Treatment

Plant. To verify the applicability of the charcoal for the

adsorptive removal of surfactant from real wastewater

samples, the samples were therefore spiked with TX100

(spiking with 300 lg/ml) after characterization of these

radioactive samples.

Under the optimal conditions, the treatment of tap water

polluted with surfactant and synthetic sample containing

mineral salts and complexing agent was investigated in

order to examine the matrix effect on the treatment process.

Adsorption experiments using charcoal as adsorbent was

then performed, Table 5.

The results obtained showed that the removal efficien-

cies of TX100 surfactant are about 98 %. The results also

indicated that charcoal is a good adsorbent for the removal

of surfactant from surfactant-containing wastewaters and

confirmed the validity of the proposed method for real

samples. The attractive features of charcoal are that it is

commercially available, effective and of low-cost.

Conclusions

Direct and indirect releases of large quantities of surfactants

to the environment may result in serious health and envi-

ronmental problems. Therefore, surfactants should be

removed from water before release to the environment or

delivery for public use. In nuclear power plants, laundry

waste water is generated, in which such organic compounds

as surfactants are included. Batch adsorption studies for the

removal of TX100 from aqueous solutions have been carried

out using commercial charcoal. The adsorption isotherm

studies showed that Freundlich adsorption isotherm model

adequately described the adsorption of TX100 onto char-

coal. The thermodynamic parameters showed a chemically

favored, spontaneous and endothermic adsorption. The

present study concludes that commercial charcoal used

under these conditions, has a considerable potential as an

effective sorbent for the removal of TX100 surfactant from

wastewater and radioactive wastewater. It can therefore have

a place in the treatment of surfactant from wastewater and

radioactive wastewater since it is of a low-cost and com-

mercially available adsorbent.
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