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Abstract-The objective of the present study is to 
investigate the use of activated carbon (AC) obtained 
from the industrial waste lignin for the removal of 
benzoic acid (BA) from the aqueous solution. The 
lignin has been extracted from the nearby paper 
industrial waste (black liquor). The activated carbon 
was prepared from pyrolysis of lignin in N2 atmosphere 
using H3PO4 as an activating agent at 400 ºC. This 
activated carbon has been used for the adsorption of 
benzoic acid. The optimum conditions for BA removal 
were found to be pH= 3.5, contact time = 4 hrs. and 
adsorbent dose = 14 g/l of solution. The adsorption 
studied at 200-350 ppm concentration range of benzoic 
acid. The maximum amount of benzoic acid adsorbed 
by activated carbon prepared from industrial waste 
lignin was found to be 13.75 mg/g. The highest 96.25% 
uptake of BA was observed for 200 ppm concentration. 
The adsorption of BA on activated carbon found to be 
best represented by Freundlich and Langmuir 
isotherms. 
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Introduction 
As the chemical industries developed rapidly serious 
pollution was increasingly produced and hence did 
much harm to public health and the environment. 
Presently various methods to treat wastewater have 
been developed such as wetting oxidation, extraction, 
membrane separation, biological degradation and 
adsorption. Due to the high concentrating ability of 
typical adsorbents, adsorption has proved to be one of 
the most attractive and effective techniques for 
purification and separation of wastewater treatment [1]. 
Activated carbons adsorbents that are used industrially 
in multiple processes for product separation and 
purification and for the treatment of liquid and gaseous 
effluents [2]. Carbon materials with high porosity and 
high surface area are termed as activated carbons which 
are manufactured from coal, lignocellulosic materials, 
synthetic materials etc. Agricultural residues, forestry 
by-products, sewage sludge etc. are some examples of 
lignocellulosic precursors for activated carbon 
production [3]. 

Using carbonaceous residues and by-products from 
existing industrial processes as feed-stock for producing 
activated carbons is an attractive strategy that may help 
to reduce cost through the process integration. Among 
several possibilities, lignin produced as residual 
material in the manufacture of cellulose pulps. This 
residual lignin offers strong potential because it 
available in high amounts at low cost. Lignin is most 
abundant natural polymer after cellulose. Lignin 
typically represents 20-30% of wood component.  A 
huge amount as a by-product in the production of high-
quality cellulose pulps, mainly in the Kraft pulping 
process [2]. Pyrolysis of lignin extracted from the 
industrial waste (black liquor) is a effective way to 
obtained activated carbon. Various researchers have 
used different chemicals as activating agent for the 
preparation of activated carbon [4-7]. 
Benzoic acid (BA) is one of the most important 
additives in food industry. Many countries such as 
China, Japan and European Union have banned the 
usage of BA as a food additive because of its toxic 
nature [8]. BA acts as an intermediate in the formation 
of many compounds. It is produced exclusively by the 
liquid phase oxidation of toluene. Therefore the 
removal of benzoic acid in water brings much public 
attention [8]. Iqbal et al. studied the benzoic acid 
adsorption on activated carbon under varying 
conditions such as time, pH and temperature [9]. Many 
researchers remove benzoic acid using activated carbon 
[10-13]. 
In present study benzoic acid was removed from its 
aqueous solution under varying conditions using 
activated carbon prepared by pyrolysis of industrial 
waste lignin in N2 atmosphere at 300 ºC for 2 hrs with 
H3PO4 as an activating agent.  
Materials and Methods 
Adsorbent  
The lignin used for the preparation of activated carbon 
has been extracted from the industrial waste (black 
liquor). The black liquor was procured from the nearby 
paper industry. The lignin was precipitated from black 
liquor using 20% H2SO4 solution. The lignin obtained 
from the residue was washed for several times with 
water to remove salts formed during precipitation. The 
washed lignin has been used for pyrolysis. 
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The activated carbon was prepared by pyrolysis of 
lignin in N2 atmosphere at 300 ºC in presence of 
activating agent H3PO4. The reaction mixture of lignin 
and H3PO4 used was in 1:1 proportion. 
The coke obtained after pyrolysis was crushed and 
washed with hot distilled water till the filtrate becomes 
neutral (tested with litmus paper), so as to remove 
H3PO4 from the coke. Finally coke was washed with 
cold distilled water and dried in the oven at 110 ºC for 3 
hrs. 
Adsorbate 
The benzoic acid used was of AR grade. The aqueous 
solutions (200- 350 ppm) were prepared by dissolving 
benzoic acid in distilled water. 
Selection of λmax and preparation of calibration plot 
of benzoic acid 
The λmax spectrum of BA was determined on LAB 
INDIA UV 3000+ UV/VIS Spectrophotometer using 50 
ppm solution of BA (pH 3.5) at 200 to 350 nm 
wavelength range. The calibration plot of benzoic acid 
was prepared using 5 to 100 ppm BA solution. 
Batch experiment 
To study the effect of important parameters like 
adsorbent dose, pH and contact time on the removal of 
BA, batch experiment were conducted. 
Optimization of adsorbent dosage 
Adsorption of BA by activated carbon with different 
dosage (0.1- 1.0 g) was carried out with 50 ml of 100 
ppm BA solution in distilled water. The solutions with 
activated carbon were taken in shaking bottles. The 
adsorption was carried out by shaking the solution 
using Tanco Rotatory Flask Shaker (an ISO 9001:2000 
Co.) for 1 hr. The solutions then analysed for the 
amount of BA uptaken, which was quantitatively 
determined by the difference between initial and final 
concentrations of BA by using calibration plot. 
Optimization of pH 
With respect to optimize the pH of benzoic acid for 
maximum adsorption, a series of solutions (100 ppm 
concentration) with different pH were prepared. The 
adsorption was carried out with optimized dose of 
activated carbon by shaking the solution for 1 hr. The 
solutions were analyzed using calibration plot to 
determine its concentrations. 
Optimization of contact time 
Adsorption of BA on activated carbon was studied at 
different time intervals for 0.7g of carbon agaited with 
50 ml BA solution at 3.5pH separately and analyzed by 
measuring absorbance on spectrophotometer and 
calculated their concentrations by calibration plot. 
 Equilibrium Studies of BA adsorption  
The equilibrium study of BA was carried out using 
different 50 ml of BA solution of known concentration, 
pH and contact time by agaiting them with known 
adsorbent dosage.  

Adsorption equilibrium data which express the 
relationship between mass of adsorbate adsorbed per 
unit weight of adsorbent and liquid phase equilibrium 
concentration of adsorbate. The well known 
equilibrium adsorption models Langmuir and 
Freundlich were employed under the optimum 
conditions. 
Result and Discussion 
λmax and calibration plot of BA 
It was found that BA shows maximum absorbance at 
235 nm. The calibration plot also prepared shows 
straight line passing through origin. 
Effect of adsorbent dose 
The effect of adsorbent dose on uptake of BA was 
studied and showed in Fig.1. The initial concentration 
of 100ppm was kept with the original pH of solution 
and agaited for 1 hr. It was found that as the dose of 
adsorbent increases, the % uptake of BA increases as 
the more number of active sites available for the 
adsorption. The % uptake for 0.7g/50ml dose was 
96.2% and this dose was selected for further study as 
there was no significant uptake was observed above this 
dose. 

 

 
Fig.1 Effect of adsorbent dose on adsorption of BA 

Effect of pH  
pH affects the structural stability  of BA.  The 
adsorption studies of BA were carried out over a pH 
range 2 to 6 with adsorbent dose 0.7g/50ml and agaited 
for 1 hr. Fig.2 shows the curve for the % uptake of BA 
at different pH. It was observed that the % uptake was 
higher in lower pH. The maximum 97.6 % uptake was 
fond at 3.5 pH. 

 
Fig.2 Effect of pH on adsorption of BA 

Effect of contact time 

0

20

40

60

80

100

120

0 0.5 1 1.5

%
 U

pt
ak

e

Dose (g)

0

20

40

60

80

100

120

0 5 10

%
 U

pt
ak

e

Dose (g)



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Special Issue-1, June-2015 

Adsorption Of Benzoic Acid By Activated Carbon Obtained From Industrial Waste Lignin 
 

59 

Fig.3 shows the effect of contact time on adsorption of 
BA. Adsorption of BA at different contact time was 
studied for 0.7g/50ml adsorbent dose and 100ppm 
initial concentration of BA solution at 3.5 pH. 
According to Fig.3 it was observed that as the contact 
time increases the adsorption of BA increases. The 
optimum removal of BA was found at 4 hrs is 99%.  
There was no significant adsorption of BA after 4 hrs. 

 
Fig. 3 Effect of contact time on adsorption of BA 

Effect of initial concentration 
C0 (initial concentration) provides the necessary driving 
force to overcome the resistances to the mass transfer of 
adsorbate between the aqueous and the solid phases. 
The increase in C0 also enhances the interaction 
between adsorbate and the adsorbent. Therefore, an 
increase in C0 enhances the adsorption uptake of 
adsorbate [8]. It was found that the amount of BA 
adsorbed per unit mass of activated carbon (qe) 
increased with increase in C0, although % adsorbate 
removal decreased with the increase in C0. It may also 
be seen that the rate of adsorption also increase in 
driving force. 
Adsosprtion isotherm analysis 
The adsorption equilibrium study requires one to know 
the amount of adsorbate retained per unit of adsorbent 
mass, which allows one to generate the adsorption 
isotherms [14]. 
The amount adsorbed (mg/g) at each equilibrium 
concentration Ce (mg/L) was calculated by using the 
expression 

݁ݍ = ି
௪

      --------------------- (1) 
Where C0 represents the initial adsorbate concentration 
(mg/L) and w is the adsorbent dose (g/L). 
The equilibrium study is important for adsorption 
process, as it shows the capacity of the adsorbent and 
describes the adsorption isotherm to express the surface 
properties and affinity of the adsorbent [15]. 
In the present study, the equilibrium data for BA 
adsorption on activated carbon prepared from industrial 
waste lignin were evaluated by Langmuir and 
Freundlich adsorption models. 
  

The Langmuir Isotherm 
The Langmuir model [16] is based on the assumption 
that the maximum adsorption occurs when a saturated 
monolayer of solute molecules is present on the 
adsorbent surface, the energy of adsorption is constant 
and there is no migration of adsorbate molecules in the 
surface plane. The Langmuir isotherm is given by ºº 

ଵ
୯ୣ

=  ଵ
°

      ଵ


  +   ଵ
°

  ------------------- (2) 
Where qe is the amount of BA adsorbed per unit weight 
of the adsorbent (mg/g), Ce is the equilibrium 
concentration of BA solution related to the capacity and 
energy of adsorption (mg/g) and (L/mg) respectively. 
Fig.4 shows the linear graph of 1/qe versus 1/Ce 
suggests the applicability of Langmuir model for BA 
adsorption on activated carbon prepared from industrial 
waste lignin, showing the formation of monolayer 
coverage of the adsorbate at the outer surface of the 
adsorbent. The values of b and θº were calculated from 
the slope and intercept of the plot respectively. The 
values of b and θº are 0.1063 and 31.25 respectively. 

 
Fig.4 Langmuir adsorption of BA 

The Freundlich Isotherm 
The Freundlich isotherm model [16] is an empirical 
relationship describing the adsorption of solutes from a 
liquid to solid surface and assumes that different sites 
with several adsorption energies are involved. The 
Freundlich adsorption isotherm is the relationship 
between the amounts of BA adsorbed per unit mass of 
adsorbent qe, and the concentration of BA at 
equilibrium Ce. 
eݍ ݊ܮ = +݂ܭ ݊ܮ ଵ


 (3) ------------------------ ݁ܥ ݊ܮ 

Where, Kf and 1/n are Freundlich constants related to 
the adsorption capacity and adsorption intensity 
respectively. The plot of Ln qe versus Ln Ce shows 
Linear curve (Fig.5). The Freundlich constants n and Kf 
were determined from slope and intercept of the plot 
respectively. The constants ‘n’ indicates the bond 
energies between BA and the adsorbent, where as Kf 
(mg/L) is related to the bond strength [15]. The values 
of 1/n and Kf were evaluated from the plot (Fig.5) are 
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0.201 and 11.1006 respectively. The value of 1/n was 
found to be less than 1. 

 
Fig.5 Freundlich adsorption of BA 

 
Conclusion 
The present study reported the important parameters 
that determine the process of BA adsorption using 
activated carbon prepared from pyrolysis of industrial 
waste lignin. The adsorption phenomeno is dependent 
of adsorbate-adsorbent contact time, pH and adsorbent 
dose. The optimum condition of 0.7g activated carbon 
and pH 3.5 was obtained to remove 99% of BA from 50 
ml solution of 100 ppm concentration in 4 hrs. The 
Langmuir and Freundlich isotherms are best fitted to 
the adsorption of BA. Therefore industrial waste lignin 
has the potential to produce the activated carbon for the 
removal of organic species. 
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