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Abstract. One of the major concerns arising from the adsorption of pollutant from wastewater is the
simultaneous presence miscellaneous pollutants in wastewater. Therefore, adsorption study for removal of
Triton x -100 (Tx-100) from aqueous solution on soils has been carried out under varying experimental
conditions such as temperature, PH, initial concentration of Tx-100, concentration of interfering ions (Ca+2&
Na+1) and concentration of other surfactants, sodium dodecyl sulphate (SDS) and sodium dodecyl benzene
sulphonate (SDBS) and their mixture. The spontaneity of adsorption is confirmed from the decrease in ∆Go
with increasing the temperature. The positive values of ∆Ho & ∆So indicate the endothermic nature of
adsorption process. It was found that the adsorption decreases with PH from 5 – 9, and increases with further
increase in PH (9 – 11). This means that the adsorption capacity of the studied soil samples is highly PH
dependent. The experimental results showed that the adsorption of Tx-100 onto soil samples was severely
restricted in the presence of a mixture of SDS and SDBS.
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1. Introduction
The use of surfactants through out the world is increasing at a rate in excess of the pollution growth of
generally improved living conditions and processed material availability[1]. Surfactants cause foams at
sewage treatment plants and pollute underground waters, which are hazardous for health. They exert a
solubility effect on many organic compounds and create carcinogenic impacts penetrated in to water and
change its quality by causing it to have an unpleasant smell and taste[2-3].
Some processes have been employed in order to solve the environmental problems caused by surfactants,
including adsorption anaerobic and aerobic degradation, and biodegradation[4].
The effectiveness of surfactant is attenuated if this is adsorbed by the soil, since the amount available for
solubilizing the contaminant decreases, and its mobility through the medium to which it is applied is
reduced[5].
Although the adsorption of single surfactants at solid/liquid interface has been investigated intensively,
there have been only a few studies of mixed systems. Thus the aim of our investigation was to study the
effect of temperature, PH, metal ions and other interfering surfactants on the adsorption of Tx-100 on studied
soils.

2. Materials and methods
Batch experiments were carried out to evaluate the potential adsorption of the test soils toward Tx-100[67]
, in each experiment; 1g of soil was added to10 ml of surfactant solutions with initial concentrations (C◦) of
0.1, 0.5, 1 and 2 CMC in prewashed centrifuge tubes. The tubes were stirred continuously in a thermostated
shaker at 25°C for 24h. The sample tubes were then centrifuged at 4000 rpm for 30 minutes. The absorbance
of the supernatant solution was estimated UV visible spectrophotometer (Cecil 3021, ENGLAND) using to
determine the residue of surfactant concentration. Blank (soil suspension without surfactant) and Control
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(surfactant solution without soil) samples were prepared by identical procedures as the adsorption samples[8].
All the measurements were done in replicates.
The thermodynamic studies were carried out at 25, 35 and 45°C. To estimate the effect of solution pH,
batch experiments were performed at different PH values (5, 7, 9 and 11). The PH was adjusted by addition
of NaOH and HCL as needed. All solutions PH were measured by a PH-meter (PW 9421, England).
The effect of the presence of interfering metal ions on the adsorption of Tx-100 was investigated at a
concentration range of (0.1 - 0.6) M of Ca+2& Na+1 at 25°C. Similarly the effect of SDS, SDBS and
mixture of SDS & SDBS on adsorption of Tx-100 was studied from solutions containing (0.5 CMC) Tx-100
in solution containing different concentrations of SDS, SDBS and mixture of SDS & SDBS (0.1, 0.5 and 1
CMC).

3. Results and Discussion
3.1. Thermodynamic parameters of adsorption
Adsorption experiments were conducted at 25, 35, and 45°C to study the thermodynamic (equilibrium)
parameters, associated with the adsorption of Tx-100 on the tested soil samples. The values of ∆G◦ were
calculated at different temperatures were determined using the following equation[9].
∆G◦ =-RT ln Kd
(1)
where Kd is the distribution coefficient for the adsorption, ∆G◦ is the Gibb,s free energy, R is the gas
constant and T is the absolute temperature. The following relation relates Gibbs free energy change to the
enthalpy and entropy change[10]:
∆G◦ =∆H◦- T∆S◦
(2)
◦
◦
◦
◦
where, ∆H and ∆S are the changes in enthalpy and entropy. The values of ∆H and ∆S were calculated
from the intercepts and slops of the plot of ∆G◦ vs. T. The values of ∆G◦, ∆H◦ and ∆S◦ were summarized in
Table 1. The negative values of ∆G◦ at all temperatures indicate the spontaneous nature of Tx-100 adsorption
on soil. Similar results were found in literature[11-12]. The values of ∆G◦ for adsorption of Tx-100 on S1 was
from-9.8184 to -10.8525, on S2 was from -10.2776 to -11.5918, on S3 was from -11.4487 to -13.5213, and
on S4 was from -12.4535 to -16.0506 KJmol-1 during the temperature change from 25 to 45°C . So,
according to the previous results, the adsorption of Tx-100 on the tested soils was predominantly physical
adsorption.
The positive values of ∆H◦ for adsorption of Tx-100 revealed that the process is an endothermic process.
This phenomenon may be due to the behavior ofTx-100 in aqueous solution, which displaced more than
single water molecule adsorbed previously on soil which leads to endothermic adsorption process.
In addition the small values of ∆H◦ (5.61 – 41.28 KJ.mol-1) are not compatible with the formation of
strong chemical bonds between Tx-100 molecules and the sites on the soil surface. ∆S◦ is positive since the
displaced water molecules gain more translational entropy than is lost by the Tx-100 leading to increase
randomness at the solid/solution interface.
Table 1. Thermodynamic parameters for adsorption of Tx-100 on the studied soils.

Soil

∆H◦ KJmol-1

∆S◦ Jmol-1.K-1

S1

5.6105

51.7

S2

9.3223

65.7

S3

19.497

103.6

S4

41.281

179.9

∆G◦ KJmol-1
-9.8184
-10.2729
-10.8525
-10.2776
-10.8796
-11.5918
-11.4487
-12.2943
-13.5213
-12.4535
-13.8396
-16.0506
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Temperature K
298
308
318
298
308
318
298
308
318
298
308
318

3.2. Factors affecting adsorption Capacity

3.2.1. Effect of solution pH
Fig. 2. represents the effect of variation of PH of the solution with adsorption capacity of all soils for Tx100. The adsorption capacity decrease with PH from 5.0 to 9.0 and then increased with further increase
in PH from 9.0 to 11.0 this confirms that the adsorption capacity of soil is highly PH dependent. This
effect was attributed to the hydrogen bonding between polar chain of Tx-100 and the active site groups at the
soil surface. These results were in agreement with that found by Nasiruddin et al (2004)[13].
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Fig. 1: Variation of amount of Tx-100 adsorbed at equilibrium with PH.

3.2.2-Effect of interfering metal ions
The effect of the presence of both ions (0.1 – 0.6M) on the adsorption of Tx-100 was investigated. The
results showed that the removal of Tx-100 increases with increasing the concentration of Ca+2. Because Ca+2
"salts out" Tx-100 this would probably increase its adsorption. At the same time the observed increase in
adsorption capacity can be explained by an increase in lateral interactions between polar chains when Ca+2
concentration increases[14].
While the presence of increasing amount of Na+ ions in the range of 0.1 – 0.3M slightly increased the
adsorption of Tx-100, a further increase in the concentration from 0.3 – 0.6M decreased the amount of Tx100 adsorbed. This may be due to relative competition between Na+ and surfactant species on the active
center of the soil surface, owing to the greater affinity of the Na+ ions at higher concentrations. This can be
explained by the strong adsorption of Na+ on the polar surface and the resulting displacement of the
nonionic surfactant Tx-100 molecules.

3.3. The Effect of Co-Sorbates

3.3.1. The effect of SDS on adsorption of TX-100
Results of the adsorption of Tx-100 onto the studied soil samples from individual and mixed surfactant
solutions are tabulated in Table 2. Maximum amount of Tx-100 adsorbed were decreased with increasing the
concentration of SDS in the mixtures. The maximum amount of Tx-100 adsorbed, qe, were 505, 445, 385
and 215 as the concentration of SDS increase from 0, 0.1, 0.5 and 1 CMC for soil 1. Both compounds SDS
and Tx-100 are hydrophobic but their chemical structures are very different. So, the effect decreasing qe
with increasing SDS concentration can be explained by the suggestion of, the weak steric self – repulsion
for the nonionic surfactant was weakened and will be replaced by ion – dipole attraction interaction of two
different hydrophilic groups of anionic and nonionic surfactants[15].
3.3.2. The effect of SDBS
Data in Table 2 indicated a decrease in the values of qe with increasing SDBS concentration. Values of
qe were 505, 465, 415 and 275 in the presence of 0, 0.1, 0.5 and 1CMC of SDBS respectively. Surface imply
the increased electrostatic repulsions between surfactant micelles and the negatively charged soil surface,
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which could inhibit the hydrogen bonding and electrostatic attraction between Tx-100 in mixed surfactant
micelles and the soil surface then reduce the sorption of Tx-100 onto soils[16].
3.3.3. The effect of mixture of SDS and SDBS
It was found that Tx-100 was adsorbed negligibly from a mixture of 1CMC of each surfactant SDS and
SDBS (Table 2). This is because the hemimicellization concentration of the surfactant shifts towards lower
concentration. Adsorption of Tx-100 onto soils could be attributed to the hydrogen bonding and electrostatic
attraction between the negatively charged soil surface and the TX-100 molecule with slight positive
charges[15,17].
Table 2: Equilibrium adsorption parameters for Tx-100 and Tx-100 mixed surfactants onto studied soils.
Soil

0.5CMC TX-100
(qe μg.g-1)
505
527
567
580.5

0.1CMC SDS+ 0.5CMC
TX-100 (qe μg.g-1)
445
435
485
465

0.5CMC SDS+ 0.5CMC
TX-100 (qe μg.g-1)
385
355
405
335

1CMC SDS+ 0.5CMC
TX-100 (qe μg.g-1)
215
175
165
115

S1
S2
S3
S4

0.5CMC TX-100
(qe μg.g-1)
505
527
567
580.5

0.1CMC SBDS+ 0.5CMC
TX-100 (qe μg.g-1)
465
475
515
485

0.5CMC SBDS+ 0.5CMC
TX-100 (qe μg.g-1)
415
405
435
385

1CMC SBDS+ 0.5CMC
TX-100 (qe μg.g-1)
275
215
225
165

Soil

0.5CMC TX-100

S1
S2
S3
S4

(qe μg.g-1)
505
527
567
580.5

0.1CMC (SBDS+SDS)+
0.5CMC TX-100
(qe
μg.g-1)
425
395
345
315

0.5CMC (SBDS+SDS)+
0.5CMC TX-100
(qe
μg.g-1)
235
205
145
75

1CMC (SBDS+SDS)+
0.5CMC TX-100
(qe
μg.g-1)
0
0
0
0

S1
S2
S3
S4
Soil
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