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ABSTRACT. Adsorption of 4-nitrophenol and 2, 6-dinitrophenol onto granular 
activated carbon has been studied. Adsorption experiments were carried out 
in a batch system and were followed by UV-Visible spectroscopy over a period 
of 120 min. Adsorption isotherms were derived at 25oC and the isotherm data 
were treated according to Langmuir, Freundlich and Tempkin isotherm equations. 
The fitting of experimental data was tested and the parameters of these 
equations were determined. Based on the correlation coefficients both Langmuir 
and Freundlich models are suitable for the study (the squares of correlation 
coefficients are all > 0.97). Based on the values of normalized percent deviation 
P, the Freundlich model is suitable for 4-NP and the Langmuir model is suitable 
2,6-DNP adsorption onto granular activated carbon type NORIT GAC 1240W 
(value of P less than 5). The calculated adsorption capacity values (qmax) are: 
277.77 mg g-1 for 4-NP, respective 41.15 mg g-1 for 2, 6-DNP. 
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INTRODUCTION  

 
Among the environmentally concerned substances, nitrophenols 

represent one of the most common groups of highly toxic water pollutants. 
The monosubstituted 4-nitrophenol is found in wastewaters discharged from 
various industrial activities such as pulp and paper industries, textile mills, 
steel plants, oil refineries, etc. [1]. This compound is also associated with 
agricultural activities as an intermediate for the production of pesticides, 
herbicides and insecticides [2].  

Phenol and some of its derivatives are considered priority pollutants 
with a permissible limit of 0.1 mg mL-1 in wastewater [3-6] and must be removed 
from industrial effluents before discharge into environment. Particular attention 
has been given to 4-nitrophenol which presents some undesired effects and 
has a permissible limit of 0.06 mg mL-1 [3, 6]. 
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Attempts have been made to remove mononitrophenols from wastewater 
by a number of methods: oxidation with strong oxidizing agents as H2O2 [7], 
biodegradation [8], biosorption [9], photo catalytic degradation [10], etc. 

Adsorption is an efficient, simple and inexpensive method for the 
removal of organic pollutants. As adsorbents, activated carbons, polymeric 
resins, silica, fly ash, zeolites were commonly used. Activated carbons are 
preferred adsorbents in industrial processes even they had poor mechanical 
properties and difficult regeneration processes [11].  

Phenolic compounds in aqueous solutions can exist as phenolate ions, 
depending on the pH of the solution. Conversion of phenol and nitrophenol 
derivatives to phenolate anions is negligible in water solutions considering 
its small acidic dissociation constants [12, 13]. 
 

RESULTS AND DISCUSSION 
 

 The equilibrium nitrophenols solutions concentrations were determined 
by the aid of the calibration curves equations, obtained from spectrophotometric 
measurements (UV-Visible spectrophotometer UNICAM HELIOS and DR2800 
HACH-LANGE). 
 The equilibrium adsorption capacities of the adsorbent were calculated 
using equation (1). 
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where qe is the adsorption capacity of adsorbent material (mg nitrophenol/g 
of adsorbent); C0 is the initial concentration of nitrophenol (mg L-1); Ce is the 
equilibrium concentration of nitrophenol (mg L-1); V is the volume of nitrophenol 
solution (L) and m is the mass of the adsorbent (g). 
 

Adsorption characteristics and calibration data for nitrophenol 
derivatives 

 In water and acid solution, nitrophenols derivatives are in neutral 
form, with inessential amount of ionisation products [12, 13]. The spectral 
and calibration data for the studied compounds are given in Table 1. 

It can be observed that both for 4-NP and 2, 6-DNP the UV-Visible 
spectra present two adsorption bands having significantly different values 
for the wavelength of maximum absorption (λmax: 223 and 317nm in the case 
of 4-nitrophenol respective 222 and 430nm in the case of 2, 6-dinitrophenol). 
Although the calibration data were derived at both λmax values for each 
compound, only one of them was utilized in this experiment due to the higher 
intensities of adsorption bands (ε = 9330 at 317nm for 4-NP respectively         
ε = 6280 at 430nm for 2,6-DNP).  
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Table 1. Spectral and calibration data for treated nitrophenol derivatives in water 

Nitro phenol  
λmax 

(nm) 
ε 

(M-1cm-1) 
Equation for 

calibration curve* 

Standard 
deviation 
for A(%) 

Regression 
coefficient 

(R2) 

4-NP 
 
HO NO2

 

317 9330 
2793.0

4

A
C =−NP

 
± 0.3÷1.4 R2 = 0.9902 

2,6-DNP 
 

HO

O2N

O2N  

430 6280 
0.0194

A
C =−DNP6,2

 
± 0.4÷13 R2 = 0.9989 

* 7 calibration points for 4-NP; 14 calibration points for 2, 6-DNP; 3 different 
determinations for each calibration point.  
 
 
 The use of the data corresponding to the other two wavelengths of 
maximum adsorption, which have smaller values for ε, will affect the quantitative 
determination. On the other hand, due to the difference of about 100 nm 
between λmax the method can be used for determination of both nitro phenols 
derivatives in water. 
 

Adsorption isotherms 

Adsorption isotherms at 25oC, derived for 4-nitrophenol and 2, 6-
dinitrophenol in water, are shown in Figures 1(a) and 1(b). All the measurements 
were three times repeated and the values used represent the arithmetical 
mean of the correspondent three values.  

The isotherm data were analyzed according to three well known 
isotherm equations: Langmuir, Freundlich and Tempkin, whose liniarized forms 
are given in equations (2)-(4) respectively [14-16].  
 

- The liniarized form for Langmuir isotherm equation: 

maxmax bqq

C
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- The liniarized form for Freundlich isotherm equation: 
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- The liniarized form for F Tempkin isotherm equation: 

ee Ckkkq lnln 121 +=       (4) 
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where qe is the amount of adsorbate adsorbed per unit mass of adsorbent at 
equilibrium (mg nitrophenol g-1 NORIT GAC 1240W); Ce is the final concentration 
at equilibrium (mg L-1); qmax is the maximum adsorption at monolayer coverage 
of surface (mg nitrophenol g-1 NORIT GAC 1240W); b is the adsorption 
equilibrium constant related to the energy of adsorption (L mg-1); KF is a 
Freundlich constant representing the adsorption capacity (mg g-1)(L mg-1)1/n; 
n is a constant depicting the adsorption intensity; k1 the Tempkin isotherm 
energy constant (L mg-1) and k2 the Tempkin isotherm constant. The main 
difference between these three isotherm models is in the variation of heat 
of adsorption with the surface coverage. Langmuir model assumes uniformity, 
Freundlich model assumes logarithmic decrease and Tempkin model assumes 
linear decrease in heat of adsorption with surface coverage. 

 
(a) 

0

50

100

150

200

250

300

350

0 100 200 300 400

Ce (mg L-1)

q
e
 (m

g
 4

-N
P

 g
-1

 N
O

R
IT

 G
A

C
 

12
40

W
)

 

(b)  

0

10

20

30

40

50

60

70

0 2 4 6 8 10

Ce (mg L-1)

q
e
 (m

g
 2

,6
-D

N
P

 g
-1
 N

O
R

IT
 G

A
C

 

12
40

W
)

 
 

Figure 1. The fit of experimental data (♦) to Langmuir (■) and Freundlich (○) 
models at 250C for: (a) 4-nitrophenol and (b) 2, 6-dinitrophenol in water. 
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 The Langmuir equation is valid for monolayer adsorption of adsorbate 
onto adsorbent surface and assumes there are a definite and energetically 
equivalent number of adsorption sites. The bonding to adsorption sites can 
either be chemical or physical, but it must be sufficiently strong to prevent 
displacement of adsorbed molecules along the surface. This model also 
presumes that molecules adsorbed on neighbouring sites do not interact 
each other [11, 17].  
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Figure 2. Linear form of Langmuir adsorption isotherm for: (a) 4-NP and (b) 2, 6-
DNP adsorption on granular activated carbon type NORIT GAC1240W, at 25oC. 

 
 

The liniarized forms of Langmuir, Freundlich and Tempkin isotherm 
equations are given in equations (2)-(4), which describe these models. Figures 
2-4 present the obtained results, and the parameters of these equations are 
given in Table 2.  
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Table 2. The equations parameters of Langmuir, Freundlich and Tempkin 
adsorption isotherm for nitrophenolic compounds at 25oC. 

 

Langmuir parameters 
Freundlich 
parameters 

Tempkin 
parameters 

Nitro 
phenol maxq  

(mg g-1) 

b 
(L mg-1) 

FK  
(mg g-1) 

(L mg-1)1/n 

1/n 1k  
(L mg-1) 2k  

4-NP 277.77 86.44 2.04 1.52 33.6 0.59 
2,6-DNP 41.15 0.63 2.01 2.30 5.4 36.39 
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Figure 3. Linear form of Freundlich adsorption isotherm for: (a) 4-NP and (b) 2, 6-DNP 
adsorption on granular activated carbon type NORIT GAC1240W, at 25oC. 
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Figure 4. Linear form of Tempkin adsorption isotherm for: (a) 4-NP and (b) 2, 6-DNP 
adsorption on granular activated carbon type NORIT GAC1240W, at 25oC. 
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 A better criterion to test the correlation between experimental data 
to one of the three isotherm equations (Langmuir, Freundlich and Tempkin), is 
a parameter known as normalized percent deviation [14], or percent relative 
deviation modulus, P, [15, 16], given by the equation (5):  
 













 −
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
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(exp)

)((exp)100

e

predee

q

qq

N
P       (5) 

 
where qe(exp) is the experimental qe at any Ce; qe(pred) is corresponding 
predicted qe according to the equation under study with best fitted parameters; 
N is the number of measurements (5 in our case). It is generally accepted 
that when the P value is less than 5, the fit is considered to be good [15]. 
The values for percent relative deviation modules, P, calculated for all three 
models and both nitrophenol derivatives are presented in Table 3. It can be 
seen that, in the case of 4-nitrophenol the value of P is less than 5 only for 
Freundlich model (P=0.9), and in the case of 2, 6-dinitrophenols for Langmuir 
model (P=2).  
 

Table 3. Values of normalized percent deviations (P) for Langmuir, Freundlich 
and Tempkin models for nitrophenolic derivatives, at 25oC. 

 

Nitro 
phenol 

P 
Langmuir 

model 

P  
Freundlich 

model 

P  
Tempkin 

model 
4-NP 10.99 0.90 26.60 

2,6-DNP 2.00 26.20 80.00 
 
 
 The efficiency of adsorption process can be predicted by the 
dimensionless equilibrium parameter RL, which is defined by the equation (6): 
 

01
1

Cb
RL ⋅+

=       (6) 

 
where b is the Langmuir constant (L mg-1); C0 the initial concentration of 
nitrophenolic compound (mg L-1). Isotherm is considered to be unfavourable 
when RL > 1, linear when RL = 1, favourable when 0 < RL < 1 and irreversible 
when RL = 0 [16, 18, 19].  
 

The RL calculated values are given in Table 4.  
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Table 4. Values of equilibrium parameter RL for Langmuir, Freundlich and  
Tempkin models for nitrophenolic derivatives, at 25oC. 

 

Nitro 
phenol 

C0 
(mg L-1) 

 
RL 

 

4-NP 

13.91 
69.55 
139.11 
695.55 
1391.10 

0.46 
0.15 
0.08 
0.02 
0.01 

2,6-DNP 

1.84 
9.20 
18.41 
92.04 
184.11 

8.30 x 10-4 

1.60 x 10-4 

8.30 x 10-5 

1.60 x 10-5 

8.30 x 10-6 

 
Since all the RL values calculated for treated nitrophenols are between 

0 and 1, the adsorption processes are favorable in all cases.  
 

CONCLUSIONS 
 
In this study granular activated carbon type NORIT GAC1240W was 

used as adsorbent for 4-nitrophenol and 2, 6-dinitrophenol, to evaluate the 
applicability to remove these nitrophenols from water solutions. The experiments 
were conducted in a batch mode at constant working conditions. The equilibrium 
adsorption data were described by the Langmuir, Freundlich and Tempkin 
mathematical models. The values of the constants and correlation coefficients 
in all three models were calculated. Based on the correlation coefficients both 
Langmuir and Freundlich models are suitable for the study (the squares of 
correlation coefficients are all > 0.97).  

According to the analysis of the results, and the values of normalized 
percent deviation P, the experimental data for 4-NP adsorption onto granular 
activated carbon type NORIT GAC1240W were correlated reasonably by the 
Freundlich model, unlike those for 2, 6-DNP adsorption which were correlated 
by the Langmuir model. 

From the liniarized Langmuir equation, the calculated adsorption 
capacity values (qmax) are: 277.77 mg g-1 for 4-NP, respective 41.15 mg g-1 for 
2, 6-DNP adsorption on granular activated carbon type NORIT GAC 1240W. 

Because the equilibrium parameter RL values are close to 0 (10-5÷10-6) 
for 2, 6-dinitrophenol at higher concentrations (5x10-4÷10-3 mol L-1), it is possible 
to presume that, in this condition, adsorption is irreversible. Future experiments 
are necessary to study the reversibility of the nitrophenol compounds adsorption 
onto activated carbon.  
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EXPERIMENTAL SECTION 
 

Materials and methods 
4-NP with purity greater than 98% (Merk, Germany), and 2, 6-DNP 

with purity greater than 95% (calculated based on dry substance), moistened 
with 20% H2O (ALDRICH, Switzerland) were used to prepare the solutions, 
with desirable concentration, for the experiments in this study. Distilled water 
was used to prepare the aqueous solutions. All the reagents were analytical 
grade and used without further purification. 

The activated carbon used in the present work was NORIT GAC 1240W, 
obtained from NORIT (Netherlands), having the following characteristics: 
micropores volume: 0.38 cm3 g-1; specific area: 1062 m2 g-1; mesopores 
volume: 0.45 cm3 g-1; apparent density: 495 kg m-3 [20]. 

Before use carbon was dried at 1050C for 12 h and stored in desiccators 
at room temperature. 

In adsorption experiments, the concentration of nonadsorbed 4-
nitrophenol and/or 2, 6-dinitrophenol was determined from the absorbance 
of the species obtained spectrophotometrically at a wavelength of 316 nm 
for 4-nitrophenol and 430 nm for 2, 6-dinitrophenol. A Unicam Helios B 
spectrophotometer with the specific software VISION 32, and a quartz vat of         
2 ml, with optical route of 1 cm, and a Direct Reading Spectrophotometer 
type DR/2800 HACH-LANGE with a quartz vat of 2 ml and with optical route of 
1 cm were used to measure the adsorption intensities of the species.  

The amount of the adsorbed nitrophenol was calculated from the 
equations which express the connection between the nitrophenols absorbance 
and concentration.  

 

Batch adsorption experiments 
Adsorption experiments were carried out using the conventional batch 

technique. Nitrophenol solutions were prepared by dissolving required amount 
of solid nitrophenol in distilled water. The initial concentrations of nitrophenolic 
compounds (between 13.91 and 1391.10 mg L-1 for 4-NP, respective 1.84 and 
184.11 mg L-1 for 2, 6-DNP); the amount of activated carbon (1 g activated 
carbon to 0.2 L of nitrophenolic solution) and the temperature (25±2)0C were 
kept constant during the adsorption experiments.   

 

Isotherm tests 
For adsorption isotherms tests, granular activated carbon was weighed 

and transferred to several glass containers. A known concentration of adsorbate 
solution was added and the containers were sealed and placed onto a 
TERMOMIX GRANT LTD6G thermostat where they were maintained at constant 
temperature of 25oC for 48 h to ensure that equilibrium was reached. The 
adsorption experiments occurred under mechanical stirring (350 rpm) with 
an AGITUVAR 10W stirrer. 
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