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A B S T R AC T

Single-solute adsorption of phenol (chosen as an organic pollutant) and single-solute adsorp-
tion of four heavy metal ions (Cu(II), Zn(II), Cd(II) and Fe(II) chosen as minerals pollutant) 
onto titanium dioxide (Dugussa P25) nanoparticles in aqueous suspension are studied. Tem-
perature effect is studied for copper and for phenol. Furthermore, competitive adsorption 
between phenol and each metal cation is also studied. Phenol is dosed via HPLC while heavy 
metals are quantifi ed by Atomic Adsorption Spectrophotometry. The single-solute adsorption 
results were well fi tted by Freundlich, Langmuir, Temkin and Kiselev isotherm models. This 
study showed that adsorption of the different pollutants onto TiO2 is favourable and adsorp-
tion energy was calculated as well. Moreover it is concluded that phenol adsorption and heavy 
metal cation adsorption do not proceed with the same mechanism. In the case of competitive 
adsorption in the 4 studied bisolute systems (phenol in presence of each heavy metal ion), the 
adsorption is decreased from 30% to 60% in comparison to single-solute results. Moreover, the 
Shiendorf-Rebuhn-Sheintuch (SRS) - a Freundlich type modifi ed equation - was successfully 
applied. This competitive model described and simulated well the bisolute isotherms results 
for both phenol and metal ion. The competition infl uence is based on competitive coeffi cients aij.
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1. Introduction

Because of human, industrial and agriculture activi-
ties, multitude of organics and heavy metal ions are 
present in the environment. Organics are mainly non 
biodegradable and heavy metal ions are generally stable 
and non-degradable, so they are concentrated in food 
chain to reach toxic levels, tend to bioaccumulate and 
cause some serious health troubles [1]. For instance, it is 

well documented that phenol and cadmium are highly 
toxic and carcinogenic agents while copper, zinc and 
iron cations are likely to initiate toxic effects [2−5].

Some conventional methods, such as precipitation, 
ion exchange, adsorption onto activated carbon, mem-
brane techniques, are widely applied to treat aqueous 
effl uent. Nevertheless these traditional methods are 
limited, for instance physical methods are only pol-
lutants transfer towards another phase while chemical 
methods can generate by-products more toxic than the 
original pollutant.
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Within this framework, photocatalysis is widely use 
to eliminate organic chemicals: it consists in the exci-
tation of a photocatalytic material by ultraviolet light, 
which generates electron-hole pairs, able to undergo 
secondary reactions due to very reactive intermedi-
ary compounds. If molecules likely to be oxidized or 
reduced are present on the semiconductor surface, they 
will be attacked and fi nally turned into water and car-
bon dioxide [6]. These molecules are all the more pres-
ent because TiO2 involves surface hydroxylation and 
hydration (dissociative and non-dissociative water che-
misorption) and that the surface lattice titanium atoms 
are considered as adsorption sites [7,8].

As a consequence photocatalytic effi ciency depends 
not only on material characteristics (bandgap energy, 
size distribution) and oxidation reactions but also on the 
adsorption step of pollutants onto the semiconductor 
surface [9].

Solid-liquid single solute adsorption of organics onto 
titanium dioxide has been studied in various aspects 
either for organics or heavy metals. Robert et al. put 
in evidence that organic acid chemisorption proceeds 
very fast via titanium carboxylate formation, whereas 
adsorption phenol was less important and leads to Ti-
phenolate adsorbates [10]. In the case of heavy metal 
ions, it was suggested that a hydroxyl group on the TiO2 
surface is involved in metal ions adsorption while che-
misorbed water is exchanged in metal adsorption [11].

Many studies have been carried out to investigate 
the competitive adsorption on TiO2 between organic-
organic molecules or metal-metal ions [12−14]. However 
few of them deal with competitive adsorption between 
organic molecules and metal ions whereas natural and 
waste waters contain both organics and metal ions [15]. 
For instance, Janusz and Matysek estimate that the pres-
ence of oxalate ions affects the adsorption of Cd(II) ions 
onto TiO2, with an important infl uence of pH [14].

Within this framework, the objective of this study is 
to investigate suitable adsorption isotherms for phenol 
and 4 heavy metals Cu(II), Zn(II), Cd(II) and Fe(II) on 
titanium dioxide (Dugussa P25). Not only single adsorp-
tion but also competitive adsorption (phenol in presence 
of each of the 4 heavy metal cations) will be studied.

2. Materials and methods

2.1. Chemicals

All chemicals were analytical grade: phenol (Sigma); 
CuSO4 5H2O (Fluka); ZnSO4 7H2O (Fisher Scientifi c); 
3CdSO4 8H2O (Prolabo) and FeSO4 7H2O (Aldrich). 
Solutions were prepared with ultra-pure water (18 MΩ). 
Mother solutions were prepared at 1.0 g/l concentra-
tion, stored at 4°C and then diluted to appropriate 

concentrations. HCl and NaOH (analytical grade) were 
used for pH adjustment.

Commercial P25 Dugussa TiO2 is used for all the 
experiments, without any further treatment.

2.2. Analysis

Phenol was analysed by High Performance Liquid 
Chromatography (Waters® 510 HPLC pump) coupled 
with an UV-detector (Waters® 484 Detector, adjusted at 
270 nm) and a Supelcosil® column (C18 column, particle 
diameter 5 μm, length 25 cm, diameter 4.6 mm). The elu-
ant (60/40 (v/v) methanol/water with 1% of acetic acid 
added) fl ows at 1 ml/min. Data were recorded thanks to 
ASUR® software.

Heavy metals concentrations were measured with a 
Perkel-Elmer® A Analyst 200 atomic absorption spectro-
photometer (AAS) operating with an air-acetylene fl ame 
(air 10 l/min and acetylene 2.5 l/min) and equipped 
with a Cu (324.7 nm), Fe (248.3 nm), Zn (213.9 nm) and 
Cd (228.8 nm) hollow cathode lamps.

To complete adsorbent characterization, specifi c 
surface (determined by BET technique) and nitrogen 
adsorption/desorption isotherms were performed using 
a Coulter SA 3100 Surface Area and Pore Size Analyzer. 
Moreover zeta-potentials of the TiO2 particles dispersed 
in water were measured at 25°C using a laser-doppler-
electrophoresis type apparatus (Nanosizer ZS Malvern 
Instruments). Data were averaged over 4 measures.

2.3. Adsorption equilibrium

Adsorption isotherm equilibria were performed 
by addition of 0.2 g of titanium dioxide (Dugussa P25) 
adsorbent into 200 ml of pollutant solutions in a 250 ml 
corked conical fl ask, at 25°C (Julabo thermostat), with 
a concentration of pollutants ranging from 10 ppm 
to 140 ppm. pH was adjusted at 6 for all experiments 
except for experiments involving Fe (II) where pH is 
4.76 to avoid its precipitation. Suspensions were mag-
netically stirred in darkness for 60 min to reach adsorp-
tion equilibrium. Samples (1 ml) are filtered (Whatmann 
0.20 μm) before HPLC and AAS analysis in order to 
eliminate TiO2 particles.

Experiments are carried out for single-solute adsorp-
tion (each component separately) and for multicompo-
nent adsorption (simultaneous presence of phenol and 
one metal cation).

2.4. Infl uence of temperature

To study infl uence temperature, addition of 0.4 g of 
titanium dioxide (Dugussa P25) adsorbent into 400 ml 
of pollutant solutions are made, with a concentration of 
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 phenol or copper ions of 100 ppm. pH was adjusted at 
6 for all experiments and solutions were magnetically 
stirred at 300 rpm in darkness. Temperature is adjusted 
via a Julabo thermostat and experiments were carried 
out at 20°C, 25°C, 30°C, 35°C and 40°C.

3. Results and discussion

3.1. Preliminary studies

pH plays a major role in adsorption, particularly 
when the adsorbent is a semiconductor such as TiO2, 
because of the ionisation state of the surface functional 
groups and because of the different ionic forms of the 
metal ions. So the pH-dependence of copper adsorp-
tion onto TiO2 was studied (Fig. 1) for a 1–6 pH range, 
all other conditions remaining constant. This range was 
chosen because above 6, copper elimination is due to 
precipitation [16].

For very acidic pH, low adsorption happens because 
Cu2+ ion is the dominant species, repulsed by positively 
charged TiO2 surface. Moreover there is a competition 
between Cu2+ and H + ions for adsorption sites onto TiO2 
nanoparticles surface [17].

When the pH increases from 1 to 6, adsorbed quan-
tities increases from 0.05 to 0.25 mmol/g. As it can be 
seen, the optimum copper ions removal occured at pH 
= 6. Other studies confi rm phenol adsorption onto TiO2 
with an optimum removal occuring for a pH between 5 
and 6 (close to natural pH) [18].

Furthermore, zeta potential evolution with pH was 
also measured in order to determine the zero point of 
charge (ZPC) for the used titanium dioxide (Fig. 2). 
Above this isoelectrical point, TiO2 surface is negatively 
charged while it is positively charged under this value. 
The obtained ZPC is 6.3 thus adsorption experiments are 
carried out at pH 6, closed to the ZPC, because adsorp-
tion is supposed to be favoured at the ZPC.

Finally, BET experiments are carried out in order to 
characterize the adsorbent surface. For the used TiO2, 
the obtained average specifi c surface was at 45.4 m²/g, 
closed to the value usually cited in the literature.

3.2. Single-component adsorption onto TiO2

Single-component adsorption equilibria were car-
ried out for phenol, Cu(II), Zn(II), Cd(II) and Fe(II) from 
aqueous solutions onto TiO2 (Fig. 3). These data show 
a very good adsorption of copper and zinc while phe-
nol and cadmium are less adsorbed. Nevertheless, the 
L-shaped curves of the experimental isotherms mean 
that adsorption is favoured and that there is no competi-
tion between adsorbate molecules and solvent to occupy 
adsorption sites on TiO2 surface [19].

In order to characterize single-solute equilibrium, 
different models were used (Table 1) whose aim is to 
fi nd a mathematical relation between Ce (equilibrium 
liquid concentration of adsorbate, mmol/l) and qe (equi-
librium adsorbed quantity of adsorbate, mmol/g). The 
interest to use different models is to obtain information 

Fig. 1. Infl uence of pH on copper adsorption onto TiO2.
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Fig. 2. Determination of ZPC for the used TiO2.
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Fig. 3. Experimental (plots) and Langmuir calculated (lines) 
adsorption isotherms onto TiO2.



S. Bekkouche et al. / Desalination and Water Treatment 37 (2012) 364–372 367

about maximal adsorption capacity, but also dealing 
with intercations between adsorbates for example or 
adsorption energy.

In the case of equilibrium modelled by the Lang-
muir equation, the adsorption is assumed to occur on a 
homogenous surface by monolayer adsorption without 
any interaction between the adsorbed species [20]. The 
value of qmax and b, the maximum adsorption capacity 
(mmol/g) and the adsorption intensity (l/mmol) respec-
tively, are obtained (Table 2) via the linearized form cited 
in Table 1, which is the most adapted linearized equa-
tion [21,22]. The adsorption isotherms were fairly well 
in agreement with the Langmuir isotherm model except 
for the adsorption of Fe(II) which has a low correlation 
coeffi cient. The obtained values of qmax are in agreement 
with the observed experimental results. In addition, the 
equilibrium adsorbed amounts were recalculated by 
Langmuir equation using the obtained parameters in 
order to check its validity (Fig. 3). Experimental points 
and calculated data were found to be in good agreement.

It is usually accepted that the high-energy sites 
have low maximum adsorption capacity qmax and 
reciprocally [23]. As it can be seen, the adsorbates 
with higher molar mass (cadmium and phenol) have 
low value of qmax indicating that the adsorption of 
these adsorbates implies high-energy sites while com-
pounds with lower molar mass have higher values of 
qmax, indicating that the adsorption of these adsorbates 
implies low energy.

Moreover, equilibrium described by Langmuir equa-
tion can be conveniently represented by a dimensionless 
constant separation factor (RL) defi ned by Hall et al. as 
follows [24]:

R
bCLR =

+
1

1 0CC

where C0 is the initial solute concentration (mmol/l) and b
the Langmuir constant. This coeffi cient is used to evaluate 
the feasibility of adsorption: the isotherm is assumed to 
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Models of single-solute equilibrium
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Table 2
Calculated parameters of studied adsorbates onto TiO2 for the different used models

  Phenol Copper Zinc Cadmium Iron

Langmuir qmax (mmole/g) 0.286 0.427 0.444 0.242 0.292
b (l /mmol) 0.789 1.231 1.248 1.062 1.160
R2 0.96 0.96 0.93 0.91 0.84
RL (C0=10 mg/l) 0.92 0.83 0.84 0.91 0.94
RL (C0=140 mg/l) 0.41 0.32 0.33 0.47 0.44

Freundlich KF (mmol/g)(mmol/l)−n 0.127 0.236 0.241 0.130 0.187
N 0.75 0.65 0.59 0.71 0.83
R2 0.97 0.99 0.98 0.96 0.99

Temkin ΔQ (KJ/mol) 13.5 12.9 12.6 12.7 26.6
K0 (l/mol) 11.0 16.6 15.8 13.8 11.4
R2 0.98 0.94 0.93 0.96 0.84

Kiselev K1 0.70 1.50 1.99 1.26 0.43
Kn (l/mol) 0.43 −0.47 −0.82 −0.21 −1.87

 R2 0.99 0.98 0.91 0.97 0.98
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be irreversible (RL = 0), favourable (0 < RL < 1), linear (RL 
= 1) or unfavourable (RL > 1) [24,25]. In our case, the RL 
values were calculated for the lowest initial concentration 
(10 mg/l) and for the highest (140 mg/l) initial concen-
tration. For the fi ve studied compounds, the obtained RL 
values are in 0.32−0.94 range (Table 2), indicating a favour-
able adsorption of these compounds onto TiO2 surface.

The equilibrium data were also fi tted to Freundlich 
isotherm, a semi-empirical equation widely used for 
adsorption description. In the case of Freundlich iso-
therm, adsorption is assumed to occur on a heteroge-
neous surface with a non-uniform distribution of heat 
of adsorption over the surface [26]. The Freundlich 
isotherm constants KF ((mmol/g). (mmol/l)−n) and n 
incorporate all factors describing the adsorption. The 
obtained parameters are presented in Table 2, and the 
linear correlation coeffi cients (R2) are very good. More-
over experimental equilibrium and modeled isotherm 
are drawn (Fig. 4) leading to a good agreement.

The parameter n is linked to the intensity of adsorp-
tion and indicates favourable adsorption (high adsorp-
tion intensity) for all the concentration studied if n < 1 
[27]. As noticed in Table 2, the value of n for each adsor-
bate is lower than 1, thus it confi rms the conclusion of RL 
calculations from Langmuir model.

The value of KF indicates high adsorption capac-
ity, as noticed for Zn (II) and Cu (II) which have higher 
adsorption capacity than the other adsorbates.

Furthermore, equilibrium data were studied using 
the Temkin model (Table 1). This model takes into 
account the presence of adsorbate/adsorbent interac-
tions so that the heat of adsorption in the layer decreases 
linearly with coverage [28,29]. The fractional coverage 
q is linked to the equilibrium liquid concentration Ce 
(mol/l) in relation with the adsorption energy variation 
ΔQ (kJ/mol) and the Temkin constant K0 (l/mol).

According to the correlation coeffi cient values 
obtained (Table 2) Temkin isotherm model fi ts well the 

adsorption isotherm of phenol and heavy metal ions 
onto TiO2 (Fig. 5). ΔQ values are in a 12.6−26.6 kJ/mol 
range showing an exothermic adsorption for these stud-
ied compounds.

Finally, experimental equilibrium data were also fi t-
ted by to Kiselev equation (Table 1 and Fig. 6), assum-
ing monomolecular layer adsorption. The interest of 
this equilibrium model is to obtain information about 
a possible formation of complex between adsorbed 
molecules in the adsorption mechanism, related to Kn, 
the constant of complex formation and K1 (l/mol), the 
Kiselev constant [30]. The calculated Kiselev parameters 
and the corresponding coeffi cient of correlation, which 
are good, are shown in Table 2.

The equilibrium constant of complex formation 
between adsorbate and adsorbent, Kn, is negative for all 
of the 4 studied metal ions. It indicates that there is no 
complex formation between metal ions and TiO2 sur-
face. On the contrary, the Kn constant is positive in the 
case of phenol adsorption onto TiO2 surface. It is sup-
ported by several studies which have demonstrated that 
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adsorption of phenol onto TiO2 surface occurs by a che-
misorption mechanism via binding ligand complex and 
the adsorption of heavy metal ions onto TiO2 proceeds 
via cation exchange [1,10]. For instance, cadmium ions 
adsorption is said to proceed via exchange of hydrogen 
ions from surface hydroxyl groups [14].

3.3. Infl uence of temperature on single-solute adsorption

Temperature infl uence has been studied for phenol 
and copper adsorption equilibrium. Five temperatures 
were used: 20, 25, 30, 35 and 40°C. The experiments 
were carried out in the same conditions for other param-
eters (pH, mass of TiO2, initial concentration of pollut-
ant) than for the systematic isotherm studies carried out 
at 25°C. The variation of adsorbed quantities at equilib-
rium (qe) of phenol and copper versus temperature were 
calculated (Fig. 7).

In the case of phenol, results indicate phenol adsorp-
tion onto TiO2 decreases with increasing temperature. 
When the temperature increases from 20 to 40°C, qe

decreases from 0.28 to 0.21 mmol/g of TiO2. Thus the 
adsorption of phenol is an exothermic process.

On the other hand, results for copper indicate cop-
per equilibrium adsorption increases substantially with 
temperature increase. From 20 to 40°C, qe increases from 
0.43 to 0.55 mmol/g. As a consequence the tempera-
ture promotes the adsorption of copper on TiO2 that 

is in contradiction with ΔQ values obtained with Tem-
kin model. Nevertheless, it was put in evidence that 
the adsorption of Cu(II) onto TiO2 nanoparticles is an 
endothermic process [1]. Moreover, Li et al. found that 
the adsorption of Zn(II) onto TiO2 particles is strongly 
temperature dependent [31]. Their results revealed that 
a temperature rise causes a marked increase of zinc 
adsorption capacity. As a consequence, the adsorption 
of heavy metal ions onto TiO2 nanoparticles seems to be 
an endothermic process.

In order to quantify the infl uence of temperature, 
experiments were carried out at temperatures of 20, 25, 
30, 35, and 40°C. The following thermodynamic param-
eters were used [32]:

K = q
CC
e

eCC
 (1)

Δ =G R= − T KcK ln  (2)

ln KC
S

R
H

RT
= −Δ ΔS  (3)

where Kc is an equilibrium constant between the 
adsorbed equilibrium concentration and the aqueous 
equilibrium concentration (l/g), R is the gas constant 
(8,314 kJ/mol K). Furthermore, ΔG (kJ/mol); ΔH (kJ/
mol); ΔS (kJ/mol K) are the variation of free energy, 
enthalpy and entropy respectively. ΔH and ΔS values 
are calculated (Table 3) from the slope and the intercept 
of lnKC evolution versus de 1/T of Eq. (3).

The negative values of free energy change (ΔG) 
show that adsorption is a spontaneous process in the 
studied temperature range, whereby no energy input is 
required. Moreover, the obtained values in the case of 
phenol decrease, indicating that adsorption of phenol 
become less favourable at higher temperature. On the 
contrary, ΔG values increase with increasing tempera-
ture, showing that adsorption of Cu(II) is favoured at 
higher temperature (Table 3 and Fig. 7).

In the case of phenol, the negative value of ΔH
(Table 3) indicates that adsorption of phenol onto TiO2

is exothermic. In the case of copper, the positive value of 
ΔH shows an endothermic nature of adsorption.
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Table 3
Thermodynamic parameters of phenol and copper adsorption onto TiO2

Temperature (°C) Phenol Copper

20 25 30 35 40 20 25 30 35 40

ΔG (kJ/mol −2.55 −2.79 −3.01 −3.33 −3.63 −2.35 −2.09 −1.76 −1.73 −1.59
ΔH (kJ/mol) −13,25 13,44
ΔS (kJ/mol K)   −53,58     −38,09   
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 Finally, negative values of ΔS show a good affi nity 
of TiO2 for both studied adsorbates, which is corrobo-
rated by the equilibrium models showing a favourable 
adsorption. Furthermore it shows a decreased disorder 
at the interface during adsorption [31,32].

3.4. Competitive adsorption onto TiO2

Phenol adsorption and cations adsorption seem to 
obey different mechanisms, as it was underlined by 
Kiselev isotherm study. Nevertheless, these two types of 
pollutants require adsorption sites on TiO2 surface, thus 
competition is relevant to be studied and quantifi ed. As 
a consequence competitive adsorption of the organic 
target was studied in presence of each cation adsorbate 
and compared to single-solute adsorption.

Compared to phenol single-solute adsorption onto 
TiO2, competitive adsorption implies a signifi cant 
decrease in phenol adsorption for each phenol/cation 
couple, from 30% for phenol/zinc or phenol/iron cou-
ples to 60% in the case of phenol/cadmium (Fig. 8).

Furthermore, results of adsorption of heavy metal 
cations onto TiO2 surface in presence of phenol were 
achieved. In comparison with single-solute adsorp-
tion of metal cations, the presence of phenol in solution 
also clearly reduces cations adsorption onto TiO2. For 
instance, adsorption of cadmium and zinc in single-
solute and in phenol bisolute systems is shown (Fig. 9). 
Adsorption decreases from 30% (in the case of cadmium) 
to 50% (in the case of copper). As exhibited, the presence 
of phenol in solution creates an obstruction at the TiO2 
surface which reduces the quantities of heavy metal 
ions likely to interact with the sites. It has been recently 
reported that the presence of oxalate ions cause changes 
in Cd(II) adsorption edge, increasing the adsorption at 
low pH and decreasing the adsorption at high pH [14].

Different equilibrium models were used to describe 
these bi-solute results. ideal adsorbed solution theory 

(IAST) based on Freundlich equilibrium and extended 
Langmuir equation revealed to be unsuccessful. How-
ever the shiendorf-rebuhn-sheintuch (SRS), derivated 
from an adaptation of Freundlich equation to bi-solute 
adsorption, was used in this study [33,34]. This model is 
based on the following equation:

q K iFi j j= ∑K CiCCFiKK ( )a Cij ejCC∑ ( )ni 1−
 (4)

where qei is the equilibrium adsorbed quantity of adsor-
bate i (mmol/g), Cei is the equilibrium liquid concentra-
tion of adsorbate i (mmol/l), KFi and ni are the Freundlich 
coeffi cients obtained in single-solute isotherm for the 
component i, and aij is the competition coeffi cient for the 
adsorption of the adsorbate i in presence of the competi-
tive component j.

Using SRS modeling of experimental data, interac-
tion coeffi cients were computed (Table 4). In this table 
aphenol/ion traduces the competition of phenol adsorption 
and aion/phenol deals with the ion adsorption. According to 
the aij competition coeffi cient is all the more high since 
the competition is effi cient and a nil value traduces a lack 
of competition [33]. This is corroborated by the experi-
mental isotherms of phenol with and without competi-
tion and the evolution of aphénol/ion (Fig. 8 and Table 4).

Table 4
Competition coeffi cients for the 4 studied bisolute systems

 aphenol / ion aion / phenol

phenol / copper 12.19 7.73
phenol /zinc 2.85 2.44
phenol / cadmium 20.47 4.14
phenol / iron 4.13 6.14
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Fig. 8. Phenol adsorption equilibrium onto TiO2 in single-
solute and in Cu(II), Zn(II), Cd(II) or Fe(II) bisolute systems.

Fig. 9. Zn(II) and Cd(II) adsorption equilibrium onto TiO2 in 
single-solute (black symbols) and in phenol bisolute (open 
symbols) systems.
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Using these aij coeffi cients, simulations are drawn 
and competition is likely to be modeled. These calcu-
lations are compared to experimental data, for instance 
in the case of phenol /copper bisolute system (Fig. 10). 
Simulations for phenol in the 4 bisolute systems are 
also plotted (Fig. 8). For the adsorption of mixtures, the 
calculated data are similar to the experimental values, 
which validate the calculations.

4. Conclusions and perspectives

The adsorption of phenol and copper, zinc, cadmium 
and iron bivalent ions onto titanium oxide (Dugussa 
P25) was investigated, in single-solute but also in bi-sol-
ute phenol-metal system. For single-solute adsorption, 
the obtained results from the adsorption isotherms stud-
ies were fi tted with various isotherm models: Langmuir, 
Freundlich, Temkin, and Kiselev models. Langmuir and 
Freundlich models show that adsorption is favourable, 
thanks to the calculated values of RL (between 0 and 1) 
and n (lower than 1). Furthermore Temkin model gives 
values of adsorption energy. Finally Kiselev model allows 
concluding that phenol adsorption and metal adsorption 
does not proceed with the same mechanism because Kn 
is positive in the case of phenol adsorption whereas Kn 
values are negative in the case of metal ions adsorption.

In the case of bisolute adsorption of phenol in pres-
ence of each of four heavy metal ions (Cu, Zn, Cd or Fe) 
onto TiO2, it was found that phenol adsorption onto TiO2 
was decreased in the presence of heavy metal ions and 
reciprocally. Moreover, the shiendorf-rebuhn-sheintuch 
(SRS) was successfully applied. This competitive model 
allows to simulate bisolute isotherms for both phenol 
and metal ion and to quantify the competition infl uence 
via competitive coeffi cients aij.

This study allows a better understanding of 
adsorption onto titanium oxide surface, in order to 

characterize single-solute and bisolute adsorption of 
organics and metallic ions. This better knowledge will 
allow a better anticipation of organic compounds pho-
tocatalysis onto TiO2 in presence of metallic salts, like 
it happens in real wastewaters. Moreover this better 
knowledge is likely to be applied in TiO2 doping pro-
cess via metal ions, to improve the wavelength range 
of this photocalatytic material.
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