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Lupinus albus 

Article Highlights 
• Activated carbon was prepared from Lupinus albus by zinc chloride activation 
• Activated carbon was used to remove methylene blue from aqueous solutions 
• Surface area of 1254 m2/g was characterized for activated carbon 
• Maximum MB capacity of 109.89 mg/g was reported 
• The kinetic data were well described by pseudo-second-order model 
 
Abstract 

The adsorption of methylene blue (MB) from synthetic aqueous solutions in 
batch experiments using Lupinus albus-activated carbon (LAAC) by chemical 
activation with zinc chloride was investigated. Prior to adsorption experiments, 
surface/physical properties of LAAC were determined using scanning electron 
microscopy, Fourier transform infrared spectroscopy and nitrogen adsorption 
isotherm. In the adsorption experiments, effects of adsorption time, solution 
pH, MB concentration and amount of LAAC were investigated. The isotherm 
and kinetic parameters were used to describe the experimental data. The BET 
surface area was 1254 m2/g while its total pore volume was found to be 0.484 
cm3/g. Maximum adsorption capacity occurred at solution pH value 10 and was 
recorded as 109.89 mg/g. Adsorption data were modeled using Langmuir, 
Freundlich and Temkin adsorption isotherms. Langmuir isotherm and pseudo-
second-order models fit to the process and reaction kinetics correspondingly. 

Keywords: activated carbon, adsorption, Lupinus albus, methylene blue, 
zinc chloride. 

 
 

Activated carbon is a carbon based amorphous 
material having high surface area and high porosity. 
Due to its high adsorption capacity, activated carbon 
has a wide range of applications, mostly used as a 
removing agent for both organic and inorganic mater-
ials [1]. 

There are two basic methods used in activation 
of activated carbon: chemical activation and physical 
activation. The natures of the raw materials, impreg-
nation time and ratio, nature of the chemical activator, 
activation time and temperature have direct impact on 
the micro- and macro-porosity of the prepared acti-
vated carbon [2]. 
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There is an increasing trend in environmental 
and water pollution due to the advancements in ind-
ustrial fields. One of the sources of environmental and 
water pollution is anionic and cationic dyes. The pre-
sence of these waste dyes affects the life of a number 
of organisms in nature. Dyes are used as coloring 
material in many industries such as textile, leather, 
cosmetics, pulp and paper, plastics, pharmaceuticals 
and food industry (3). Dye residues from paint and 
other industries are among the basic causes of 
coloring observed in waste water. These residues in 
waste water are carcinogenic [3,4]. Relatively mild 
concentrations of the dyes are capable of coloring a 
huge amount of water and their removal is costly. 
This tends to limit subsequent use of the waste water 
in other fields [3,4]. 

When the toxic effects of dyes are taken into 
account, the importance of removing the materials 
from waste water becomes more vivid. Various phys-
ical, chemical and biological waste water purification 
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methods are used. One of these purification methods 
is adsorption. Due to its inert nature towards toxin 
impurities, ease of design, being user friendly and 
incurring lower establishing costs, adsorption has 
become one of the most preferred methods in rem-
oving dyes [5]. 

The activated carbon used in adsorption pro-
cess can be obtained from various sources. Due to 
the high production costs, production methods that 
involve cheap raw materials are preferred. Recently, 
agricultural and industrial by-products have been 
investigated and found to be favorable for the prepar-
ation of activated carbon. 

Lupinus albus (LA) plant is mostly grown in the 
Mediterranean and North America. In Turkey, the plant 
is grown in Ege, Marmara, inner-Anatolia and around 
the Mediterranean zones. These seeds of LA are used 
in production of pharmaceuticals and as animal feeds 
[6]. Used seeds of this plant are directly disposed. To 
our knowledge, there is no study that deals with LA 
plant seeds being used for preparation of activated 
carbon. 

In this study, for the first time, LA plant was used 
in preparation of activated carbon. By using the 
obtained LAAC, removal of the MB from the aqueous 
solution was studied. 

EXPERIMENTAL 

Materials 

The LA plant seeds were obtained from Konya 
region-Turkey. The seeds were ground (Retsch SR 
300) and classified (Retsch AS200) based on their 
respective particle sizes. The particles with sizes 
under 250 µm were used for preparation of activated 
carbon. Then, they were washed with de-ionized 
water, dried at 105 °C for 48 h and stored in an 
enclosed container ready to be used in the prepar-
ation of activated carbon. During the experiments, 
deionized water and chemicals at analytical purity 
were used. MB was selected for adsorption expe-
riments because of its known strong adsorption onto 
solids. MB dye was purchased from Merck Chemicals 
Company, Turkey. MB (C16H18N3SCl, molecular 
weight, 319.85 g/mol, wave length, 668 nm) was used 
without further purification. 

Preparation of LAAC 

First, thermogravimetric analysis (TGA) of the 
LA plant seeds considered for the preparation of 
LAAC was carried out. Thermogravimetric analysis 
was performed using a Perkin Elmer TG/DTA 6300. A 
10±0.5 mg LA plant sample was carbonized to be 

heated from ambient temperature to 900 °C in N2 
atmosphere with a flow rate of 40 ml/min, at a linear 
heating rate of 10 °C/min. The test was carried out at 
least twice to decrease the test error, and good 
reproducibility was established. The DTG curve was 
derived from the TG curve. 

In obtaining activated carbon, the chemical acti-
vation method with zinc chloride was used. The acti-
vation process was carried out in a tube furnace 
having inner diameter of 6 cm and a heat zone of 
length of 25 cm (Magma Therm MTTF12/75/600-E-4). 
After mixing the raw material (5 g) with zinc chloride 
at the ratio of 1:1, 1:3, 1:5, 1:7 and 1:9 (g raw mat-
erial/g zinc chloride activator), 20 ml of de-ionized 
water was added after which impregnation took place 
for periods of 6, 12, 24, 48, 72, 96 and 120 h. The 
impregnated raw materials were subjected to acti-
vation process, which was carried out at the heating 
rate of 10 °C/min. under operating temperatures of 
350, 400, 500 and 600 °C. The activation periods 
were selected to be 15, 30, 45 and 60 min. The acti-
vation and cooling processes were completely 
accomplished under N2 gas medium. In order to rinse 
the zinc compounds off the obtained activated 
carbons and open blocked pores, the activated car-
bons were washed with 0.5 M HCl acid. Then, the 
rinsing of the LAAC with hot de-ionized water was 
prolonged until the solution pH value became the 
same as that of de-ionized water. 

In this study, the activated carbon obtained from 
the conditions of impregnation ratio of (1:7), impreg-
nation time of 48 h, activation temperature of 400 °C 
and activation time of 30 min was used. 

Sample characterization 

Prediction of the specific surface area, porosity 
volume and porous diameter of the LAAC was done 
with BET device (Quantachrome Nova 1200), 
whereas the micro porosity volume was calculated by 
using the t-plot micro porosity volume method. Dis-
tribution of the porosity sizes was specified by making 
use of the Barret-Joyner-Halenda (BJH). The porosity 
structure and surface morphologies of the LAAC 
obtained were found by using an SEM device (Zeiss 
Evo/LS 10). The surface chemistry was characterized 
by determination of surface acidity/basicity with FT-IR 
spectroscopy (Perkin Elmer 1100 series FT-IR device 
at the range of 4000-400 cm-1 by using KBr pallets at 
an accuracy of 1 cm-1). Zeta potential measurements 
were also carried out using a Malvern Zeta-sizer Zen 
3600. 
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Adsorption experiments 

During the adsorption process, 0.2 L solutions of 
MB having initial concentrations that range from 50 to 
300 mg/L were used. The experiments were con-
ducted into a thermostatic shaker (Memmert WNB 
7-45) and at constant temperature of 30 °C. At the 
beginning, the solution temperature was taken to be 
30 °C, whereas the initial solution concentration was 
set at 100 mg/L. The adsorption of MB onto LAAC 
was investigated as a function of time in order to find 
out the equilibrium time for maximum adsorption cap-
acity. Optimum adsorption time intervals for different 
pH values ranging between 2 to 10 were determined. 
Samples were taken from the solution (range: 0– 
–180 min) and the concentrations were determined. 
With the given optimum adsorption time and pH 
values, effects of the amount of LAAC having weight 
range of 0.05 to 0.5 g on the adsorption process were 
studied. At the end of the adsorption process, a UV 
spectrophotometer (Biochrom Libra S22 UV) was 
used to determine the concentrations of MB in the 
solution. The amount of MB adsorbed by the adsor-

bent at equilibrium, qe (mg/g), is calculated by using 
Eq. (1) below: 

( )0 e
e

c c
q V

w
−

=  (1) 

where c0 (mg/L) is the initial concentration of MB in 
the solution, ce (mg/L) is the concentration of MB in 
the solution at equilibrium, qe (mg/g) is the amount of 
MB adsorption at equilibrium, and V (L) is the solution 
volume. 

RESULTS AND DISCUSSION 

First, 10 mg sample was carbonized to be 
heated from ambient temperature to 900 °C. Expe-
riment was conducted under the N2 atmosphere. DTG 
curve was derived from TG curve. The temperature of 
activated carbon preparation was determined as 400 
°C by using DTG curve. Thermogravimetric analysis 
(TGA, DTG) of the LA plant under N2 atmosphere are 
shown in Figure 1. 

 

 

 
Figure 1. The TG and DTG graphs of LA plant seeds. 
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TG and DTG curves for LA plant seed are 
illustrated in Figure 1. The TG curve shows the per-
centage loss of mass for LA plant seeds at different 
temperatures. It can also be observed the thermal 
decomposition of seeds take place in two steps. The 
TG curves for the 10 °C/min. heating rate shows a 
gradual weight loss starting at 50 °C temperature and 
ending at about 177 °C with a DTG peak at 100 °C. 
The total loss of weight up to 177 °C is related to the 
loss of absorbed water by LA plant seeds. One broad 
peak is observed in the temperature range from 177 
up to 511 °C with a DTG peak at 303 °C. The total 
loss of weight up to 511 °C is related to pyrolysis of 
PA plant seeds. The DTG curve is identical to the TG 
curve as well. According to the TG and DTG results, 
the thermal decomposition of LA plant seed can be 
written as follows; 

50 177 C
seed 2 seed 2 (gas)LA H O LA H Ox x−⋅ ⎯⎯⎯⎯⎯→ +


 (I) 

177 511 C
seed solid (gas)80% weight lossLA LAAC XY−⎯⎯⎯⎯⎯⎯→ +


 (II) 

As shown in n reaction steps above, the thermal 
decomposition of LA plant seeds (LAseed) can be sub-
divided into two main stages – dehydration and pyro-
lysis, respectively. In the first step, the absorbed 
water exists in the LA plant seeds at the low tempe-
rature range. In the next step, pyrolysis of LA plant 
seeds occurs at high temperature range from 177- 
–511 °C, resulting in the formation of LAAC. Different 
gases compounds are represented as XY(gas). 

The FT-IR spectrum given in Figure 2a presents 
functional groups found in the structure of pure and 
LAAC obtained with a 2-day chemical activation with 
350% ZnCl2 at 400 °C. According to the given spec-
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Figure 2. a) FT-IR spectra for the activated carbon obtained at 400 °C temperature, 1:7 impregnation ratio, 48 h of impregnation time 
and 30 min of activation period; b) N2 gas adsorption and desorption isotherm at –196 °C for the activated carbon obtained at 400 °C 

temperature, 1:7 impregnation ratio, 48 h of impregnation time and 30 min of activation period. 
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trum, the spread peak seen in the band ranging 
between 3200 and 3600 cm-1 is caused by the —OH 
stretching vibration mode of the hydroxyl functional 
groups. This is generally caused by the moisture 
found in the shell structure. The peaks observed at 
2900 and 2800 cm-1 band indicate the aliphatic 
groups found in the structure of the LA shells. The 
peaks observed at 1750 cm-1 show carbonyl (C=O) 
stretching, which indicates that there might be deri-
vatives of aldehyde, ketone and ester. The peaks 
observed at about 1650 cm-1 were caused by the 
stretching of the C=C structure. The peak found at 
about 1100 cm-1 in the spectrum is caused by the C—O 
stretching which indicates possible existence of the 
acids, alcohols, phenols, ethers and esters in the raw 
material. 

When the spectrum of the produced LAAC was 
compared with the FT-IR spectrum of the original 
walnut shell specimen, substantial changes in the 
functional groups were found [7]. At around 3400 cm-1 
band, the observed maxima resulted from the —OH 
stretching disappeared completely.  Even the peaks 
observed at 2900 and 2800 cm-1 that show aliphatic 
groups existing in the LA structure were not in the 
structure of the LAAC. However, the peaks observed 
at 1600 and 1100 cm-1 were found to have increased 
their intensities. 

In Figure 2b, isothermal absorption and desorp-
tion of N2 gas at –196 °C, for the LAAC were obtained 
by setting operating conditions at 400 °C, impreg-
nation ratio of 1:7, impregnation time of 48 h and 
activation time of 30 min. According to the IUPAC 
classification, these types of isotherms cope with the 
type IV isotherm class. This situation can be des-
cribed with the narrow outlet discharging. Generally, 
adsorption isothermals on micro- and mezzo-porous 
layers resemble this type [8]. The surface area and 
micropore volume of the LAAC prepared are 1254 
and 0.3584 cm3/g, respectively. The average width of 
the LAAC’s BJH adsorption is 1.54 nm. This result 
indicates that the average porous width for the BJH 
adsorptionis of micro type. 

SEM photographs of the LAAC are shown in 
Figure 3. As seen from the SEM images, with well- 
-developed pores, the obtained LAAC has a random 
and heterogeneous surface. The surface of the LAAC 
has cracks, grooves and large pores. In addition, 
pores of different sizes are also present. 

Adsorption studies 

Effect of pH 
The adsorption procedures started with the 

investigation of effects of solution pH. The studies 

were carried out at a constant temperature of 30 °C in 
MB concentration of 100 mg/L and with 0.1 g of the 
LAAC. The solution pH was varied between 2 and 10. 
The results obtained are presented in Figure 4a. 

 

 
Figure 3. SEM views of the produced activated carbon. 

The increase in solution pH from 2 to 10 has led 
to significant increase in the adsorption capacity. The 
most probable reason for this increase is the pH dep-
endent electrostatic interaction between the activated 
carbon and the MB molecules. When the solution pH 
increased from 2 to 10, the adsorption capacity of the 
activated carbon increased from 45.19 to 89.80 mg/g. 
As for the adsorption of the MB, the presence of two 
possible mechanisms may be pronounced. These 
are: 
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- electrostatic interaction between MB mole-
cules and positively charged groups of the 
activated carbon and 

- chemical reaction between the adsorbent 
and the MB molecules. 

 
(a) 

(b) 

Figure 4. a) Variation of the adsorption capacity, qe, with 
solution pH (T: 30 °C, MB concentration: 100 mg/L, LAAC 

mass: 0.1 g); b) the point of zero charge values. 

Activated carbon is amphoteric in nature. Its 
surface electrical charge can vary between positive 
and negative depending on the solution pH [9]. The 
point at which the net charge of adsorbent is equal to 
zero (pHPZC) can be used to characterize the effect of 
pH. It means smaller pH solution of adsorbent than 
pHPZC results positive surface and bigger one neg-
ative surface. Variation of surface charge of the LAAC 
with pH was investigated and the results are as 
shown in Figure 4b. The adsorption of the MB onto 
the LAAC having cationic character is more remark-
able if it acquires the condition that is pH > pHPZC 

(point of zero charge) which is equal to 3.14. 
When the solution pH is low, the H+ relocate 

themselves into active surface sites onto the activated 
carbons and hence prevent adsorptions of the MB 
molecules having cationic characters. With increasing 
pH, the surface charge reaches a zero point of charge 
(pHPZC), which is the zero net charge of adsorbents 
(at pH values of 3.14). After this point, an increase in 
pH value leads to the increase of negative character 

of the activated carbon surface and increase in the 
adsorption of the MB [10-12]. Other researchers also 
found that the optimum solution pH value in removing 
of MB with activated carbon is 10 [9,13-17]. 

Effect of contact time 
Contact time varies with respect to features 

such as the pore diameter, volume and surface areas 
of activated carbon [12]. In this section of the study, 
efforts have been made to determine adsorption 
capacity at equilibrium by maintaining parameter 
values such that pH is at 10, the amount of LAAC is 
0.1 g, solution temperature is kept at 30 °C and con-
centration is kept at 100 mg/L (Figure 5a). It was 
found that the maximum adsorption capacity for the 
MB at the end of 120 min interval is 89.80 mg/g. The 
amount of MB adsorbed increases with the contact 
time and at the onset of the 120th min, the amount 
reaches its equilibrium value. 

 
(a) 

 
(b) 

 
(c) 

Figure 5. a) Time for the adsorption to reach equilibrium; b) 
effects of initial MB concentration on adsorption; c) effects of the 
amount of activated carbon used on adsorption of MB (T: 30 °C, 

MB concentration: 100 mg/L, pH 10, contact time: 120 min). 
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During adsorption process from the solution to 
the surface of the activated carbon, the followings 
happen: 

- transfer of MB molecules from the solution to 
the solution-adsorbent boundary layer, 

- diffusion from boundary layer to the adsorb-
ent surface, 

- diffusion phases from adsorbent surface into 
its pores [15]. 

The results show that the adsorption process 
occurs faster at the beginning of the contact time 
(≈40%). However, the process proceeds gradually 
step by step towards equilibrium value. The vacant 
active surface sites on the surface fill quickly as the 
adsorption process starts. As the number of vacant 
active surface sites on the surface decreases with 
time and the diffusion rate attenuates, the time to 
reach equilibrium tends to increase [18]. 

Effect of initial MB concentration 
In this section of the study, effects of MB sol-

utions with concentrations of 50, 75, 100, 150, 200, 
250 and 300 mg/L on the adsorption capacity of 
LAAC are investigated. Figure 5b shows variation of 
the initial concentration of MB with the amount of MB 
adsorbed by the LAAC. It is seen that when equilib-
rium is reached, adsorption capacity becomes greater 
for higher initial concentrations. At higher initial con-
centrations, mass transfer resistance between solid 
surface and solution is easily overcome. With inc-
reasing MB concentration, vacant active surface sites 
on the adsorbent surface tend to fill quickly. However, 
the rate of removal percentage of the MB (R%) is 
inversely proportional to the increasing initial concen-
tration. For low initial concentration, competition of 
MB molecules for adsorption to the surface is at much 
lower rates [19]. Moreover, the adsorption equilibrium 
is achieved more quickly. Even the ratio of MB con-
centration in the solution to the number of active sites 
on the adsorbent is lower. That’s why the concen-
tration of removed MB becomes higher [12]. Similar to 
the results of this study, in studies conducted on 
removal of MB by using activated carbons, it was 
determined that with the increasing solution concen-
tration, the removal percentage of the MB tends to fall 
[20-22]. 

Effect of adsorbent dosage 
The size, amount and pore volume of the acti-

vated carbon used in the adsorption are among the 
most important parameters. As the amount of acti-
vated carbon increases, the surface area tends to inc-
rease and hence adsorption capacity also increases. 
In this phase of the study, the operating conditions 

specified previously (100 mg/L, 30 °C, pH 10, contact 
time 120 min) were kept constant and the expe-
riments were conducted (Figure 5c). The amount of 
LAAC used was varied between 0.05 and 0.5 g. By 
increasing the amount of LAAC to 0.3 g, the removal 
percentage of the MB jumps to a value of 99%. 
However, beyond this point, additional LAAC was 
found to have no significant effects in removing the 
MB. Another result indicates that the adsorption cap-
acity (qe) deteriorates substantially with the increasing 
amount of activated carbon. Possible reasons for this 
are the presence of more vacant active surface sites 
in the medium than the MB concentration needs, 
lowering of surface area as a result of accumulation 
of adsorbent particles, and elongation of the path to 
be taken during the diffusion step [12,23]. 

Adsorption isotherms 
Adsorption isotherms play an important role in 

estimating real time adsorption capacities of adsor-
bents of different nature. The equilibrium values 
obtained after the adsorption of MB were investigated 
by using Langmiur, Freundlich, Temkin and Dubinin- 
–Radushkevich isotherms. The adsorption data 
obtained experimentally are given in Figure 6 and 
Table 1. 

The Langmuir isotherm assumes that there is a 
certain number of active surface sites with similar 
features on the surface. These centers are evenly 
distributed over the surface and the adsorption is of a 
monolayer type [24]. The theory can be represented 
by the following linear form: 

e e

e m L m

1c c
q q K q

= +  (2) 

L
L 0

1
1

R
K c

=
+

 (3) 

where ce is equilibrium concentration (mg/L), qe is the 
amount adsorbed at equilibrium (mg/g), KL is a cons-
tant related to adsorption energy and capacity (L/mg), 
qm is the monolayer adsorption capacity (mg/g) and c0 

refers to initial concentration of the solution (mg/L). 
The separation factor (RL) which the basic character-
istic of the Langmuir adsorption isotherm is calculated 
by using Eq. (3). The RL value between 0 and 1 indi-
cates that the activated carbon is favorable for using 
MB adsorption [25]. The RL values found for different 
initial concentrations were in the range 0 < RL < 1. 
This result shows that the activated carbon prepared 
from LA plant for adsorption of MB is favorable. 

The Freundlich isotherm assumes that the sur-
face possesses heterogeneous energy distribution. 
This isotherm, which also covers intra-molecular inter-
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 (a)  (b) 

            
 (c) (d) 

Figure 6. Adsorption isotherms: a) Langmuir, b) Freundlich, c) Temkin and d) D-R. 

Table 1. Isotherm constants for the adsorption isotherm models 

Isotherm Isotherm constants 

Langmuir qmax = 109.89 mg/g KL = 0.03 R2 = 0.995 

Freundlich Kf = 21.09 (mg/g)(mg/L)1/n n = 3.51 R2 = 0.974 

Temkin Kt = 0.486 L/g B = 122.053 J/mol R2 = 0.984 

Dubinin-Radushkevich qm = 86.606 mg/g E = 93 J/mol R2 = 0.829 

 
action, is favorable for heterogeneous systems; and 
instead of monolayer adsorption, it takes the 
possibility of multilayer adsorption into account. 

 1/  
e f e

nq K c=  (4) 

In Eq. (4), Kf is a constant for the system, related 
to the bonding energy and n is the adsorption 
intensity, which is used to account for the adsorption 
process is favorable. 1/n is a measure of adsorption 
intensity or surface heterogeneity. A higher value of 
adsorption capacity Kf indicates that the capacity of 
the prepared activated carbon is high, whereas higher 
adsorption intensity, n, indicates that the adsorption 
process takes place thoroughly throughout the con-
centration interval of solution employed. Lower n 
value at higher initial MB concentration implies that 
the adsorption occurs perfectly. As for lower initial MB 
concentrations, it can be said that there is a little cor-
relation between experimental data and the Freund-
lich isotherm. 

In Table 1, n and Kf constants for the Freundlich 
isotherm are presented. The adsorption intensity (n) 
was calculated to be 3.51. This result shows that the 
activated carbon prepared is favorable for the high 
MB concentration. The value of 1/n = 0.289, being in 
the range of 0.1 < 1/n < 1, indicates favorably of the 
prepared activated carbon for adsorption process [26]. 

The Temkin isotherm is similar to the Freundlich 
isotherm as it also takes intra-molecular interaction 
into account. It is with the image that if the heat of 
adsorption for all molecules covers the surface per-
fectly, then the heats must fall linearly. The postulate, 
in addition, considers that binding energy is distri-
buted uniformly to the maximum value. 

e t eln lnq B K B c= +  (5) 

/B RT b=  (6) 

In Eqs. (5) and (6), b is the Temkin isotherm 
constant (J/mol), Kt is the equilibrium binding constant 
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corresponding to the maximum binding energy (L/g), 
B is a dimensionless constant  related to heat of ads-
orption, R is the ideal gas constant (8.314 J/(mol K)), 
T is the temperature of the medium (K). 

The Dubinin-Radushkevich isotherm aims at 
establishing the view that adsorption occurs either 
physically or chemically. Based on this isotherm, it is 
described that if the average adsorption energy is 
lower than 8 kJ/mol, then physical adsorption takes 
place, and if it is between 8 and 16 kJ/mol then ion 
variation adsorption occurs, whereas higher adsorp-
tion energy values is characterised by chemical ads-
orption [13]. 

2
e mln lnB q q k ε= −  (7) 

e ln(1 1/ )RT c= +ε  (8) 

( ) 1/2
2E k −=  (9) 

In Eqs. (7)-(9), qs is denoted as the theoretical 
isotherm saturation capacity(mg/g), ε is the Polanyi 
potential (J/mol), k is the activity coefficient (J2/mol2), 
and E is the mean free energy (J/mol). The calculated 
mean free energy (E) value was smaller than 8 
kJ/mol. This result shows that physical interaction 
between the adsorbent and the adsorbate is dominant 
and that the process occurred by physical adsorption. 

As shown in Table 1, the largest correlation 
coefficient (R2) is from the Langmuir isotherm. The 
phenomenon implies that the removal of the MB is 
well described by the Langmuir isotherm. In addition, 
it also indicates that the adsorption has essentially 
taken place in a monolayered form. However, due to 
energy distribution discrepancies on the surface, some 
sites were marked with multi-site adsorption [27]. 

Adsorption kinetics 
In this section of the study, kinetic behaviors of 

the adsorption process are taken into consideration 
by making use of the adsorption experimental data. 
With this aim, three different kinetic models were 
used, namely, the pseudo-first-order, pseudo-second-
order and intraparticle diffusion model. 

The variation of the adsorption capacity with 
time of the pseudo-first-order model developed by 
Lagergren and Svenska [28] is described by Eq. (10): 

1

e e

1 1 1

t

k
q q q t

= +  (10) 

where k1 is the apparent kinetic rate constants of first- 
-order reaction kinetic (min-1) and t is the reaction time 
(min). 

The variation of adsorption capacity with time in 
the pseudo-second-order model developed by Ho and 
McKay [29] is expressed by Eq. (11): 

2
e2 e

1 1

t

t t
q qk q

= +  (11) 

where k2 is the apparent kinetic rate constants of 
second-order reaction kinetic (g/(mg min)). 

The intraparticle diffusion model developed by 
Weber and Morris [30] is expressed by Eq. (12): 

1/2
idtq k t C= +                (12) 

where kid is the intraparticle diffusion rate constant 
(mg/(g min1/2)), and C is a constant that gives an idea 
about the thickness of the boundary layer (mg/g). If 
intraparticle diffusion is involved in the overall adsorp-
tion process, the plot of uptake (qt)versus the square 
root of time (t0.5) should be linear. Moreover, if this line 
passes through the origin, the intraparticle diffusion is 
the rate controlling step of the process. If the plots do 
not pass through the origin, it points out of some 
degree of boundary layer control. Besides, it shows 
that the intraparticle diffusion is not the only rate-limit-
ing step, but also other kinetic models may control the 
rate of adsorption process. 

These plots usually are depicted as three stages 
such as curve, linear and plateau in turn. The initial 
stage is caused by external mass transfer. The inter-
mediate linear stage is caused by intra-particle dif-
fusion. The last plateau stage where intraparticle dif-
fusion starts to slow down is caused by extremely low 
solute concentrations in the solution [31]. The adsorp-
tion graphs of the models considered in the study are 
given in Figure 7. 

When deciding on the validity of a model, 
besides the correlation coefficient (R2), closeness of 
the adsorption capacities (qe) is evaluated as well 
[32]. The normalized standard deviation Δq is calcul-
ated using the following equation: 

( ) 2

exp cal exp/
100

1

q q q
q

N

 − Δ =
−

 (14) 

Values of Δq for the pseudo-first-order model, 
pseudo-second-order model and the intraparticle 
diffusion model as well as kinetic parameters were 
calculated and presented in Table 2. 

From Table 2, the largest correlation value 
(0.999) and the lowest normalized standard deviation 
(1.002) occur on the pseudo-second-order model. 
More concentrations (50 and 150 ppm) were used to 
establish the kinetics models. Similar results were 
found for 100 pm (figures not shown). 
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 (c) 

Figure 7. Adsorption kinetic models: a) pseudo-first order, b) pseudo-second order, c) intra-particle model (T: 30 °C, MB concentration: 
100 mg/L, LAAC mass: 0.1 g, pH: 10, contact time: 120 min). 

The pseudo-second-order model assumes that 
the dominant process is chemical adsorption, and that 
there are chemical electrostatic interactions between 
the adsorbent surface and the adsorbate. The surface 
is monolayered but it is most likely that some sites 
can be multilayered as well [32]. 

The intra-particle diffusion model (Weber-Morris 
model) is widely used for the purpose of determining 
the rate-specifying stage. On the graph of intraparticle 
diffusion model, though the variation is almost linear, 
and the lines do not cross the origin. This pheno-
menon indicates that the adsorption is not only rate-
controlled but also a boundary layer diffusion con-
trolled. In addition, it infers to macroporous diffusion 
and suggests that the active surface sites on the 
surface fill up quickly [33]. The calculated α value was 
found to be 0.12. The value of α being smaller than 
0.5 indicates that the intraparticle diffusion is not the 
only step that depicts diffusion rate [34]. 

CONCLUSION 

In this study, activated carbons were prepared 
from LA plant by using chemical activation with ZnCl2 

under N2 gas atmosphere. Effects of parameters like 
impregnation ratio, impregnation time, activation tem-
perature and activation time were studied. The imp-
regnation ratio of 1:7 and impregnation time of 48 h 
were selected. Activation temperature and activation 
time were 400 °C and 30 min, respectively. The BET 
surface area of the LAAC was determined to be 1254 
m2/g. Micropore volume of the activated carbon was 
found to be 0.3584 cm3/g based on the t-plot method. 
According to the BJH adsorption average, the porous 
diameter is 1.54 nm. During the adsorption process it 
was also found that the maximum adsorption capacity 
is 109.89 mg/g and occurs at pH value of 10. It was 
found favorable to describe the adsorption based on 
the Langmuir isotherm. As for the reaction kinetics, 
the pseudo-second-order model was found to be a 
convenient match.  
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NAUČNI RAD 

  ADSORPCIJA METILENSKOG PLAVOG NA 
AKTIVNOM UGLJU PRIPREMLJENOM OD 
Lupinus albus 

U radu je analizirana adsorpcija metilenskog plavog (MB) iz vodenih rastvora u šaržnim 
eksperimentima na aktivnom uglju dobijenom od Lupinus albus (LAAC), koji je hemijski 
aktiviran cink-hloridom. Pre ispitivanja adsorpcije, površinske i fizičke osobine LAAC su 
određene elektronskom mikrosopijom, infracrvenom spektroskopijom sa Furijeovom trans-
formacijom i adsorpcijom azota. U adsorpcionim eksperimentima istraživani su uticaji 
vremena adsorpcije, pH rastvora, koncentracije MB i količine LAAC. Na osnovu dobijenih 
eksperimentalnih podataka određeni su kinetički parmetri i parametri adsorpcionih izo-
termi. Specifična površina po BET metodi je bila 1254 m2/g, dok je ukupna zapremina pora 
bila 0,484 cm3/g. Maksimalni adsorpcioni kapacitet je 109,89 mg/g sa rastvorom čiji je pH 
10. Eksperimentalni podaci su modelovani Lengmirovom, Frojndlihovom i Temkinovom 
adsorpcionom izotermom. Kinetika i ravnoteža adsorpcije slede model pseudo drugog 
reda i Langmuirovu izotermu, redom. 

Ključne reči: aktivni ugalj, adsorpcija, Lupinus albus, metilensko plavo, cink-
-hlorid. 
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