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ABSTRACT 

 
Pollution of aquatic water became one serious environmental problem. However semiconductors 

structure like ZnO or TiO2 have been widely used in water decontamination process whether coupled or not 
with UV light. In the following study, retention of Methyl Green (a cationic dye) onto ZnO as support and in 
absence of light is presented. Studies led in batch “method” showed on almost total elimination of the dye 
(92% for a concentration of 25 mg. L-1) in 180 minutes. Influence of some parameters were also studied and 
contributed in a significant improvement of the speed and the adsorption capacity whereas others like salts 

showed no significant effect. Thermodynamic functions such as: H, G and S were calculated and permitted 
to conclude on the feasibility of the process. Moreover, experiments were described by Langmuir, Temkin and 
Freundlich adsorption isotherms. Related correlation coefficient ted to an accurate description was obtained 
for the tow first models. Therefore, we can deduce the maximum capacity qmax (mg.g-1), equilibrium constant 
.On the other side, the retention process was investigated through the kinetics laws like: pseudo-first- order, 
pseudo-second-order. Experimental results were found to be very suitable mainly in the second approach 
though suggesting chemisorption. 
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INTRODUCTION 
 

Industrialization around the world triggered a significant pollution problem. Due to an intensive use of 
organic materials (phytosanitary products and dyes) and also inorganic materials(metals and non- metals). 
Synthesized dyes contaminated aquatic mediums and linked to the discharge of effluents (often heavily 
colored) from the textile industry. What could generate an important nuisance like the systematic destructions 
of fauna and flora and even food and drinking water? Governments and international organizations have used 
strict regulations to reduce these pollutants and lower concentration and even elimination. Hence, the 
development in the past of several processes such as: the ion exchanges [1-2], filtration [3], biodegradation [4-
6], adsorption over numerous supports [7-10] and recently photochemical methods, particularly, the advanced 
oxidation process (called also AOPs) [11-16]. Unlike destruction, adsorption process was less efficient; it leads 
to a transfer of pollution to one phase to another rather than its destruction. However, it is still been used 
because of its simple implementation and low cost. This technique needs to be well developed both 
experimentally and end results. This has allowed for example the determination of some parameters like: 
adsorption heat, various equilibrium constants adsorbent-adsorbate, type of interactions (with support 
complexation for example) [17]. 

 
The following work, results of adsorption of cationic dye (MG) in absence of light on a particular 

support which has been used so far in photocatalysis: ZnO in powder. Determination of maximum capacity; 
effect of temperature and process of the kinetics adsorption will be investigated. Besides, some isotherm 
models will be investigated too in order to know which will give the better description of the process and these 
are: Langmuir, Freundlich and Temkin. In other part, their theoretical recalculation will confirm the results 
obtained by experiment. 

 
MATERIALS AND METHODS 

 
Materials 
 

Oxide of Zinc was provided by the society of Mines and Zinc: “vieilles montagnes” with specific 
surface of 9 m2. g-1  as delivered by the manufacturer and contains 10-4 ppm in lead element, 2 10-4 in iron 
element and 35 10-4 in cadmium element [18]. All solutions (stock and diluted) were prepared from a set of 
ultrapure water (Millipure) and removed after adsorption by filtration through cellulose acetate (Millipore 0.45 
μm).The substrate, Green Methyl (MG), was furnished from labosi and used without further purification its 
structure solution is depicted in figure 1. 
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Figure 1. Structure of Methyl green 

 
Analysis 
 

The spectral evolution and measurements of the absorbency of all solutions at different times were 
monitored by UV/Visible spectrometer type "Unicam Helios-α spectronic". HANNA pH meter was used for 
measurement of pH solutions. 

 
Experiments 
 

The adsorption of the methyl green on ZnO was carried out in a simple Pyrex vessel with a capacity of 
200 ml with an agitator under velocity of 500 turns /min and at ambient temperature (22°C±2).Mixing was 
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made with a magnetic stirrer (MS). The absorbance of all samples was measured from a calibration curve at 
λmax= 632nm. 

 
RESULTS AND DISCUSSION 

 
Spectrophotometric Properties of Methyl green 
 
 Spectrum of methyl green (10-4 M), obtained at natural pH(5.8), shows the existence of four bands 
having variable intensities and located successively at 254 nm,312 nm, 420 nmand632 nm for an optical path 
of 1 cm. Molar absorption coefficient(ε) of each band is: 2470 l.mol-1.cm-1, 4690 l.mol-1.cm-1, 2780 l.mol-1.cm-

1and 16250 l.mol-1.cm-1 (most intense peak) respectively(figure 2). 
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Fig 2.UV /Visible spectrum of the methyl green (10-4M, pH=5.8) 

 
Effect of contact time 
 
 Study of adsorption of Methyl green (MG) into ZnO powder involves determining the contact time 
which corresponds to a state of saturation of the support by the substrate. It consists of putting in contact, 25 
mg.L-1 of methyl green and 1g.L-1 of ZnO powder until this state is reached. At the end of this experiment 
contact time is equal to180 minutes and corresponds to an almost total elimination of dyes totals up to 92%. 
Following formula been used (1) (Figure 3a): 
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Where: qt the quantity of the MG absorbed at instant t, C0 represents the initial concentration , Ct 

the  concentration at instant t and m denotes the masse of the support 
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Figure 3 . Adsorption kinetics of Methyl green on the ZnO, r = 1g.L-1, T° = 22°C;  

pH =7.2;Vagitation= 500 turns / minute .a) [MG] = 25mg .L-1; b) Influence of initial concentration of MG 
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Determination of the equilibrium time is important when calculating the maximum adsorption 
capacity and establishment of adsorption isotherm which are essential for the identification of adsorption type 
occurring in single or multilayer form. Other factors such as initial concentration, temperature, and salt effect 
may influence the adsorption process. 
 
Effect of parameters on the adsorption 
 
Effect of the initial concentration 
 

Examination of figure 3b shows the influence of the initial concentration (ranging from 8 to 30 mg.L-1) 
of the substrate. It is increasing though driving a sensitive increase of the absorbed quantity of MG for the 
same mass of ZnO. This could be due to in one hand to a great availability of free sites of adsorption and in 
another hand to a mass transfer characterized by an enhancement of the adsorption process [19]. 
Consequently an overlaid monolayer curves with same equilibrium time: 180 minutes in all cases.   
 
Effect of the temperature and evaluation of the thermodynamic functions 
 
Effect of the temperature 
 

Figure 4 represents the effect of temperature on the adsorption of this dye. across four values of the 
temperature: 22°C, 30°C, 40°C and 50°C, experiment is done to explain the relation with the retention process. 
Increase of this parameter, leads to a sensitive improvement of the adsorption capacity (23.8 mg. g-1 at 
50°C).This is related to an increase of the surface activity which eases fixation of the molecule dye thru 
chemical bonding. Notice a similarity between the two last curves a sign of low efficiency of this effect to a 
certain limit (saturation in energy) and thus, chemisorptions of the process improvement becomes more [20]. 

 
Calculation of the Thermodynamic Functions 
 

Using a linear regression  at different temperatures calculation is done in order to 

evaluate thermodynamic functions: AH°, ΔG° and ΔS° and to confirm the nature of the retention process: 
 

(2) 

 
Kd : equilibrium constant where : 

(3) 

 
 
Qe= amount of the adsorbed substrate at equilibrium state;    
Ce=Concentration at equilibrium state 

 G°= H°-T S° ( G°=Gibbs free energy, H°= enthalpy and S°=entropy  

The values of  H and  S were calculated from the slope and interception of the plot given by 

the (figure 4 in insertion), and that of G° from  G°= H°-T S°(table 1). 
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Figure 4 . Effect of temperature on adsorption Methyl green by the ZnO [MG] =25 mg. L-1; T= 22°C, pH= 7,2. 

 
Table 1: Thermodynamic parameters of adsorption process of methyl green on ZnO at various temperatures. 

 
 
 
ZnO 
 

ΔH° 

(kJ.mol
−1

) 

ΔS° 

(J.mol
−1

.K
−

) 

ΔG ° 

                                           (J.mol
−1

) 

- -  
20°C 

 
30°C 

 
40°C 

 
50°C 

33,78 133,96 -5470,28 
 

-6809,88 
 

-8149,48 -9489,08 

 

The value of H° confirms the chemisorption of the process whereas the negative one (G°) indicates 
the process spontaneity. 

 
 Kinetics treatment of the adsorption 
 

Kinetics laws were used to explain retention process which could be related, mainly, to the mass 
transfer (pseudo-first- order law), chemisorption or chemical reaction (pseudo-second-order law) and intra-
particular diffusion. 

 
Model of pseudo first order (Lagergran equation) 
 

Representing all resistances at the interface, mass transfers usually described by a kinetics law of first 
order of the Lagergran S [19, 21] 
 

).(1 te
t qqk

dt

dq


                      (4) 

tkq LnqqLn( ete 1) 
          (5) 

 
 k1: the rate constant for adsorption kinetics of the first order (min-1)

 
qt : the adsorption capacity at time t (mg.g-1) 
qe: the adsorption capacity at equilibrium (mg.g-1). 
 

The linear plot of ln(qe-qt) versus time led to the determination of the adsorption constant Kad for 
various concentrations of the dye (8, 10, 15 and 20 mg.L-1)(figure 5a).However, correlation coefficients being 
low,  this model cannot describe well the process since kinetics data were  not fitted correctly. All results are 
listed in table 2 
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Model of pseudo-second order 
 

In the pseudo-second-order, reaction rate depends on the quantity adsorbed on the adsorbent 
surface and on adsorbed at equilibrium. The model of pseudo-second-order can 
be represented [19, 22]  

 

2

2 ).( te

t qqk
dt

dq


                        
(6) 

 
k2:  adsorption rate constant of the model of pseudo-second-order (g.mg-1.min-1). 

The integration of equation (6) gives: 


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The plot of t/qt versus time gives a good linear fit through the same experimental data, with high 

correlation coefficients. The following constant qe and k2 were calculated from the slope and the intercept 
respectively (figure 5) 
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 Figure 5 . Kinetics adsorption of MG on ZnO: 

a) pseudo -first –order law for retention of MG onto ZnO ; b) pseudo-second -order law for retention of MG onto 
ZnO. 

 

Parameters as qe and k2 of the model pseudo-second-order are summarized in Table 2 calculated 
correlation coefficients are closer to unity for the kinetic model of pseudo-second-order kinetic model than in 
the pseudo first-order. This could indicate that the kinetic model of second-order describes well the 
experimental results of adsorption of MG on the ZnO. Consequently the process of adsorption could be 
chemisorption. Similar work has been related in the literature [19]  

 
Table 2: Kinetic parameters characterizing the adsorption of Methyl green on ZnO according to the pseudo-first–order 

law and the pseudo-second –order law 
 

1storder kinetics 2ndorder kinetics 

[MG] qe (exp) qe (cal) k1
 R2 qe (exp) qe (cal) k2

 R2 

8 7,5 5,37 0,024 0,937 7,5 7.81 0,010 0,997 

10 9,3 7,21 0,021 0,957 9,3 9,97 0,005 0,992 

15 13.89 12.37 0,021 0,987 13.89 15.32 0,002 0,993 

20 18.63 23,06 0,029 0,936 18.63 19,42 0,039 0,989 
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Study of adsorptions isotherms 
 

The adsorption isotherms are important to determine the maximum adsorption capacity and to 
identify the type of adsorption. They can be obtained primarily by having the contact time and then by the 
graphical representation of (qe) vs. (Ce); qe and Ce respectively the quantity of dye adsorbed perg of adsorbent 
and the equilibrium concentration of the dye. Experiment shows an increase of the adsorption when the 
adsorbate concentration increases which corresponds to a S type in the classification of Giles [23] (figure 6) 
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Figure 6 . Adsorption isotherm of methyl green (25 mg. L-1). T° = 22°C ; r = 1g/l ; pH=7.2 ; Vagitation = 500 turns /min 

 

 To investigate the adsorption capacity, we applied models of Langmuir, Freundlich and Temkin which 

are listed in Table 3 

Table 3: Different types of isotherms used 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Where qt is the adsorption capacity of the support at time t (mg/g), Ce denotes the concentration at 
equilibrium (mg L-1), qe  represents the quantity of adsorbed Methyl Green on equilibrium (mg.g-1), qmax the 
maximum capacity of adsorption to saturation (mg.g-1), kTem represents the adsorption equilibrium constant, 
depending on the temperature , kLang the adsorption equilibrium constant, depending on the temperature, kf is 
the Constant of Freundlich relation, n :Coefficient of the Freundlich equation and θ represents the coverage 
rate (qe/qmax), R: universal gas constant (J.mol-1.K-1) and ΔQ  the variation of adsorption energy (KJ.mol-1) 
 
Linearization processes 
 

Experimental results were treated by various linearized equations issued from known models such as: 
Langmuir, Freundlich and Temkin. Useful parameters are drawn: 
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 The Langmuir model where the linearization allowed the determination of the maximal capacity 
(noted qmax) with a good correlation coefficient (0, 98). Table 4 shows an identical value. It is clear that 
adsorption of the dye occurred in monolayer form, which is however, an ideal model, taking into 
account the type of the texture of this support and where the upper limit exists for this model 

(( →1 where C→∞)(figure7a). 

 -The Freundlich model where linearization allows also determination of maximal capacity (qmax) but 
with a bad correlation coefficient of value 0.869 though to a bad fitting. This model does not describe 
correctly the adsorption process of MG onto ZnO (figure7b). 

 -The Temkin model where linearization was used to calculate the adsorption heat ΔQ. It varies linearly 
with the relation q/qmax or the coverage θ. θ is ranging from 0, 4 to 0, 8 for liquid phase (aqueous in 
our work and where also the coverage θ is equal to 0.807) [24].Then ΔQ was determined graphically 
by the plot of θ versus  and where qmax is an accurate value out of the model of Langmuir. The 

positive value which was 102, 93 J/mg showed that the process was endothermic (figure7c). 

 The calculated energy constant, related mainly to the transfer of the MG to the support, is reported in 
table 4. 

  
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Figure 7 . Linearization of isotherms adsorption for various models which have been studied: 

a)  Langmuir; b) Freundlich; c) Temkin. 

b)  
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Reconstitution of the adsorption isotherms of Langmuir, Freundlich and Temkin Rebuilding of Langmuir, 
Freundlich and Temkin isotherms has been performed on the previously determined parameter from the 
model of Langmuir: qmax being the most accurate value. In addition, the calculation of these isotherms was 
simple since the variables qe and ce are separated. In figure 8, there is a good match between the experimental 
curve and previous models [17]. However, there is a large gap when qt  increases and approaches the initial 
concentration in the case of Freundlich model since it has inaccurate coefficient of correlation compared to 
other models confirming the non-validity of this model. 

0 5 10

0

10

20

30

40

 

 
q

e (
m

g
. 

g
-1
)

C
e
 (mg. L

-1
)

 experimental values

 Isotherm of Langmuir

 Isotherm of Freundlich

 Isotherm of Temkin

 
Figure 8. Comparison between theoretical and experimental isotherm adsorption of MG onto ZnO for Langmuir, 

Freundlich and Temkin 
 

Table 4: Principal parameters of each model 
 

Models q max 
(mg/g) 

K Lang 
  (l/mg) 

1/n et kf 
(mg/g).(l/g) 

kTem 

(l/mg) 
ΔQ 

     (KJ/mg) 
 

R2 

Langmuir 28.395 0.891 -   0.984 

Freundlich  
- 

 
- 

1/n=0.456 
kf=12.437 

 
- 

 
- 

0,869 
 

Temkin  
- 

 
- 

  
7.322 

 
102.93 

 
0,927 

 
CONCLUSION 

 
According to previous analyses and results: 
 

 The Methyl Green (25mg.L-1) is well adsorbed on to ZnO to a rate percent equal to 92% and for a 
contacting time of 180 minutes. 

 The effect of temperature and initial concentration has a positive influence on the kinetics and 

capacity retention of methyl green. Simple calculations of H and G confirmed the chemical and the 
spontaneity of the process respectively 

 The system is spontaneity (G<0) and endothermic (H0) 

 Pseudo-second-order law confirms the chemical nature of retention kinetics. 

 The process was described by some isotherm adsorptions and led to close fitting, mainly, in the 

following order: LangmuiTemkin. Unlike Freundlich’s description of that system. 

 In the absence of light; there is a possibility of using a semi-conductor as a support in adsorption. 
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