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a b s t r a c t
Adsorptive removal of Congo red dye from aqueous media has been carried out by using sawdust 
of Cedrus deodara saw as an efficient adsorbent by evaluating different parameters such as adsorbent 
dosage, contact time, pH, initial dye concentration, and temperature at constant shaking time of 
five minutes by using a Benchtop orbital shaker to homogenize adsorption medium that develops 
more attractive forces between C. deodara saw and dye molecules lead to higher adsorption values. 
The C. deodara saw surface morphology was monitored by Fourier transform infra-red spectros-
copy and scanning electron microscopy analysis. The adsorption experimental data was studied 
by applying the Langmuir, Freundlich, and Dubinin–Radushkevich isothermal models, and data 
was well obeyed by D–R isotherm based on R2 and SSE (0.996, 0.004) values. The kinetics of the 
adsorption process was investigated by pseudo-first-order, pseudo-second-order, liquid film, and 
intra-particle diffusion models. Kinetics indicated that the pseudo-second-order model behaves 
as the most favored model with a 1.0 R2 value but the adsorption process can also be explained 
with the help of more than one kinetic mechanism (liquid film and intra-particle models). The val-
ues for thermodynamic parameters such as ∆G, ∆S, and ∆H were indicating the spontaneity and 
endothermic nature of the reaction. The applicability of the developed procedure was studied in 
tap water with 94% removal of Congo red dye. These results suggested that sawdust of C. deodara 
could be used as a low-cost alternative waste material adsorbent for synthetic dye removal.
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1. Introduction

Water is a major component of the environment and 
has dynamic importance in maintaining life on earth. But 
with the increasing population of human beings on the 
earth, the world has made much more progress in the 
field of industries like textile, paper, leather, foodstuff, etc. 
[1] to improve the lifestyle of human beings. These kinds 
of industries are using many organic dyes like Congo-
red and crystal violet dyes as raw materials for coloring 
purposes as an addition to the major raw material which 
is used for pre-coloring in manufacturing processes and 
storage purposes and producing a remarkable amount 

of waste material including many organic dyes (Congo 
red, crystal violet, and vat dyes) heavy metals and waste 
remains. By adding such waste materials directly to the 
resources of water like sea, rivers, lakes, and ponds without 
being treated they are making water unhealthy to use for 
human beings as well injurious to the aquatic life [2].

Most of the dyes are organic-azo dyes that are used 
for coloring purposes and about 53% of these azo dyes are 
registered as non-biodegradable [3]. Around 2% of dyes 
are released during the formation process of dyes [4] and 
about 10%–15% during dyeing the products of industries [5]. 
A small amount of these dyes can impart a grace shadow 
to water [6] and will disturb the aquatic ecosystem by 
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disturbing the photosynthesis in water resources [7]. Most 
of these dyes (Congo red) are carcinogenic [8], mutagenic, 
and cause many additional problems to humans in the 
form of diseases so, they must be removed from the envi-
ronment. There is a need to remove Congo red dye because 
it is highly toxic and carcinogenic in nature and has dras-
tic effects on human health [9].

Several techniques have been developed and used so 
far including oxidation, ion exchange method, floatation 
process, membrane filtration, and solvent extraction meth-
ods [10–12] for competing for this challenge but the most 
important one is the adsorption techniques because of its 
ease in operation and its economical suitability [13]. In 
the adsorption process, we use the adsorbents (the waste 
materials which having no financial importance at all) 
which have the ability to remove a large variety of waste 
material from water including dyes and heavy metals [14] 
some of these adsorbents are Solanum tuberosum waste 
[43], Pisum sativum waste [43], rice husk ash [44], white 
dragon fruit peel [16]. Moreover, the use of such type of 
waste material is an eco-friendly action [17]. Current 
studies primarily now focusing on the searching of adsor-
bents with economically low valuable and easily accessi-
ble with high fitness to adsorb the waste materials from 
aqueous solutions [18]. The agricultural waste material 
can be used for this purpose efficiently [19,20].

In this study, the adsorption capacity of sawdust of 
C. deodara to remove the Congo red dye from aqueous media 
was investigated. Several factors including contact time, 
temperature, the weight of adsorbent, initial concentration 
of dye, and pH were examined during this work which has 
a great influence on % age removal of Congo red dye over 
sawdust of C. deodara. It is worth mentioning that no work 
has been presented yet on the adsorption of Congo red dye 
by using sawdust of C. deodara in the following reporting 
department.

2. Materials and methods

2.1. Preparation of reagents

The 1,000 mg L−1 stock solution of Congo red dye (Direct 
Red 28, C.I.22120, azo dye) was prepared in a 1,000 mL 
measuring flask by the addition of 1.0 g of Congo red dye 
in the measuring flask then diluted with double distilled 
water up to the mark. The stock solution was then stored 
carefully. pH solutions were prepared by using natural acid 
and base (H2SO4 and KOH). Further successive dilutions 
were made with the help of an accurately prepared stock 
solution of Congo red dye in double-distilled water.

2.2. Collection of sawdust of C. deodara

The sawdust of C. deodara was collected from Mian 
Channu (Province Punjab, Pakistan) and further ground to 
get the fine powdered form. Then, it was sieved to get differ-
ent sizes of particles of 100, 200, and 500 µm. These different 
particles sizes of adsorbent were stored in different labeled 
plastic airtight containers to avoid further moisture contact. 
The 100 µm sized particles of Cedrus deodara saw were used for 
the corresponding study due to the availability of large surface 
area and more active sites for adsorption of Congo red dye.

2.3. Batch adsorption studies

Batch adsorption experiments were performed to eval-
uate the different factor which controls the adsorption 
process such as range of contact time (min), the weight of 
adsorbent (g), pH, initial concentration of dye (mg L−1) 
solution and temperature (°C) and each experiment was 
performed for three times to reduce random errors. The 
concentration of dye used for the evaluation of factors was 
100 mg L−1. All the experiments were performed with the 
addition of an appropriate amount of adsorbent in 10 mL 
of dye solution which was freshly prepared by the diluting 
stock solution. After shaking the mixture for provided time 
durations the adsorbent was separated by applying centrifu-
gation and filtration processes. The extent of dye adsorption 
on the adsorbent surface was evaluated by the absorption 
spectrophotometer (Visible spectrophotometer-721). Before 
checking the absorption, a blank sample was run each time. 
All the experiments were performed at room temperature 
except the specific experiment of temperature evaluation. 
The percentage adsorption was calculated by the given 
expression:

% age adsorption =








 ×

−A A
A
i f

i

100  (1)

where Ai and Af are the initial and final values of absorbance, 
respectively.

2.4. Characterization

2.4.1. Fourier transform infra-red spectroscopy

Fourier transform infra-red spectroscopy (FT-IR) spectra 
were recorded by using attenuated total reflectance (ATR) 
with an FT-IR spectrometer for the characterization of 
functional groups present on the adsorbent surface [19]. 
C. deodara saw functional group morphology was examined 
before and after adsorption of Congo red dye.

2.4.2. Scanning electron microscope

The technique of scanning electron microscope (SEM) 
was used to characterize the surface morphology of the 
C. deodara saw surface and for evaluation of the basic physi-
cal properties of the adsorbent. It was useful in determining 
the size of grooves, shape, and porosity of adsorbent [21]. 
The SEM technique was applied on two samples native and 
loaded of adsorbent, magnification of 800x was used.

3. Results and discussion

3.1. Fourier transform infra-red spectroscopy

The FT-IR spectra for the C. deodara sawdust were 
obtained from two samples: without and with adsorption 
of Congo red dye represents the relation between percent-
age transmittance and wave number (cm−1) are shown in 
Fig. 1a and b, respectively. The functional groups which 
were mainly involved in the adsorption of Congo red dye 
over C. deodara saw were C=O, –COOH, R–OH, Ar–NH2, and 
R–NH2 with –OH groups which were strongly consumed and 
regained in the adsorption mechanism. The wide and intense 
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adsorption peaks found at 3,422.215 and 3,421.142 cm−1 are 
due to the stretching vibrations of –OH (hydroxyl) groups 
and these peaks are visible at both spectra before and after 
adsorption of dye, moreover, they exhibits the availability 
of positively charged surface that attracts Congo red mol-
ecules during adsorption. The bands at 2,923 and 898 cm−1 
could be assigned to the stretching of the –CH group and the 
presence of alkanes and alkenes, respectively. The climax at 
1,634.91 and 1,737.92 cm−1 are assigned to the stretching of 
carbonyl groups (carboxylic acids). The peak of spectra pres-
ents at 1,054 and 1,109 cm−1 are characteristics of stretching of 
C–O and C–N groups (Amines, Imines). The peaks present at 
1,250 cm−1 are due to stretching vibrations of C=O groups and 
at 1,464, 1,500, and 1,597 cm−1, and the bending vibrations 
present at 747–898 cm−1 are due to the C=C of alkyl groups 
stretching in rings which may be benzene, cyclo-hexenes 
[21]. The functional groups of Congo red dye after adsorp-
tion were –NH2 and –SO3 which involved in adsorption and 
were observed in FT-IR spectral analysis.

3.2. Scanning electron microscopy

SEM was used as a basic technique for the character-
ization of porosity and shape of grooves present in an 

adsorbent surface before and after adsorption. The micro-
graphs for the C. deodara before and after adsorption of 
Congo red dye over its surface are shown in Fig. 2a and 
b, respectively. Fig. 2a represents the presence of a number 
of pore sites available in C. deodara saw due to which there 
was a qualitative possibility of dye to be trapped inside the 
pores. Fig. 2b exhibits the dark spots, which were very obvi-
ous signs of adsorption of dye into the pores of the adsor-
bent [21]. There was a major difference between before and 
after adsorption of dye molecules on the C. deodara saw 
surface as before adsorption adsorbent surface contained 
grooves and lumps of about 20 µm in size while after dye 
adsorption many sites where vanished due to pore filling 
of C. deodara saw and Fig. 2b shows 50 µm grooves size 
that could be the evidence of adsorption of dye molecules,  
respectively.

3.3. Effect of adsorption controlling parameters

The parameters that control the adsorption process are 
contact time (min), initial concentration of dye (mg L−1), 
amount of adsorbent (g), pH, and temperature (°C) were 
investigated in detail and their results are discussed  
below.

 

(a)

(b)

Fig. 1. FT-IR of Cedrus deodara saw (a) before and (b) after adsorption of Congo red dye.
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3.3.1. Effect of the weight of adsorbent (g)

The effect of adsorbent dosage (g) was examined by 
varying the weight of adsorbent ranging from 0.1 to 1.3 g 
at 100 mg L−1 initial dye concentration, 20 min contact time, 
and 7.0 pH at room temperature, respectively (Fig. 3). 
Fig. 3 represents that there was an increase in percent-
age removal of dye firstly and then constant adsorption 
was observed after 1.1 g weight of C. deodara saw. The 
increase in adsorption firstly was due to increase in sur-
face area of adsorbent with an increasing amount of adsor-
bent but further from 1.1 g, there was a constant value of 
adsorption, irrespective of this, that the surface area was 
increasing with the increase in weight but the volume and 
concentration of dye were constant due to which the per-
centage adsorption becomes constant. Fig. 3 explains the 
effect of adsorbent dosage on percentage removal of dye 
from aqueous solution briefly. The percentage removal 
was 68%, 71%, 84%, 88%, and 92% for adsorbent weights 
0.1, 0.3, 0.5, 0.7 and 0.9 g, respectively. The maximum 
94% adsorption was reported at the highest C. deodara 
saw dosage of 1.1 g because with the increase of weight 
of adsorbent, there was an increase in the number of sites 
available for the constant concentration of dye solution. 
Similar results for Congo red were reported for phoenix  
D. seeds [22].

3.3.2. Effect of pH

The effect of pH on the removal of Congo red dye was 
observed by varying the pH from 1 to 12 pH at 100 mg L−1 
initial dye concentration, 20 min contact time, and room 
temperature (20°C). The pH of solutions was maintained 
by using mineral acid and base (H2SO4 and KOH). The per-
centage dye removal was decreasing for the first three values 
from 1–3 pH and then was an increase in percentage removal 
till 7.0 pH at which maximum adsorption of about 94% takes 
place. Again from 8 to 12 values of pH, there was a decrease 
in percentage removal. Fig. 4 explains the effect of pH val-
ues on the removal of Congo red dye by sawdust of C. deo-
dara as an adsorbent. At pH 1.0, the surface of C. deodara saw 
exhibits negatively charged surface and –SO3Na functional 
groups of dye show involvement in adsorption that’s why 
82% adsorption of Congo red takes place. While at pH 10 
adsorbent surface shows the availability of positive charges 
by releasing –OH and –NH2 groups of Congo red dye 
involved in adsorption. But at pH 7.0, there is a possibility 
of the presence of both positive and negative characters of 
C. deodara saw a surface that’s why maximum adsorption 
of 94% was monitored. The maximum adsorption of Congo 
red at pH 7 was also reported for zeolitic imidazolate, 
vermicompost dried- biochar adsorbents [23], and aniline 
propylsilica xerogel [24].

(a)

(b)

Fig. 2. SEM of Cedrus deodara saw dust (a) before and (b) after adsorption of Congo red dye.
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3.3.3. Effect of contact time (min)

The effect of shaking time on percentage removal of 
Congo red dye was investigated by varying the time of dura-
tion from 5 to 120 min and other parameters were 100 mg L−1 
initial dye concentrations, pH of 7 at room temperature. 
Fig. 5 explains the impact of contact time on the removal 
of Congo red dye at the constant amount (g) of sawdust of 
C. deodara. Firstly, the removal percentage was increasing 
at a high rate till 50 min of contact time but afterward, irre-
spective of this, that the percentage removal was increasing 
with time but there was a decrease in the rate of adsorption 
of dye over the surface of the adsorbent because during 
the time duration of 5–50 min due to the presence of more 
sites on the adsorbent surface for the dye molecules the rate 
of adsorption was more but with the passage of time the 
space over the surface was lessened due to which the rate 
of adsorption of dye was not much increase after 50 min of 
contact time or seems to be constant. The maximum adsorp-
tion took place at the time of 120 min and it was 86% was 
showing similar behavior on comparison along with per-
centage dye removal by increasing time from 5 to 120 min 
with respect to the corresponding adsorbent surface. The 
comparison between and temperature is also given in Fig. 5.

3.3.4. Effect of the initial concentration of dye

The initial concentration of dye is very important for 
the adsorption process. Fig. 6 shows the effect of initial 
concentration on percentage removal was investigated by 
varying the initial dye concentration from 5 to 100 mg L−1 
while all other factors were constant. At a lower concen-
tration of 5 mg L−1, the percentage adsorption was maxi-
mum of 99% and at a higher concentration of 100 mg L−1, 
the adsorption was minimum which is reported as 72% at 
room temperature. More sites were available at the surface 
of adsorbent for a lower concentration of dye while at a 
higher concentration less number of binding sites were 
available for the dye molecules due to which at lower con-
centration percentage removal was maximum and vice 
versa. A decrease in percentage removal with the increase 
in initial concentration of Congo red dye for Phragmites 
australis adsorbent was also reported [25]. But at a higher 
concentration of Congo red 72% dye removal represents 
the good chemistry between C. deodara saw and adsorbate 
molecules which is of major concern.

3.3.5. Effect of temperature (K)

The effect of temperature on adsorption of Congo 
red dye over sawdust of C. deodara was studied by vary-
ing the range of temperature from 273 to 343 K and by 
keeping all other operative factors as 100 mg L−1 initial 
dye concentration, 20 min contact time at pH of about 
7.0. There was an increase in adsorption percentage with 
an increase in temperature was revealing that there was 
a direct relationship between temperature and percent-
age dye removal. Maximum adsorption takes place at a 
higher temperature. The percentage removal was var-
ied from 12% to 85% with a temperature range of 273 
to 343 K. The results are graphically explained in Fig. 7. 
The increase in the adsorption process with an increase in 
temperature may be due to the increase of the rate of slow 
steps of adsorption or may be due to an increase in bind-
ing sites on the surface of the adsorbent. Similar effects for 
adsorption of Congo red dye over the N,O-carboxymethyl-
chitosan, and montmorillonite nanocomposite [26] were 
studied. Exhibit similar behavior on comparison with 
percentage dye removal by increasing temperature from 
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273 to 343 K with respect to a corresponding adsorbent 
surface (Fig. 7).

3.4. Kinetics of adsorption process

Time depended data was applied to study the kinetic 
mechanism followed by Congo red dye over C. deodara saw.

3.4.1. Pseudo-first-order reaction

The kinetic equation of pseudo-first-order reactions 
was first given by Lagergren in 1898 and demonstration 
with the help of the following equation [27]:

log logQ Q Q
k

te t e− −( ) =






×1

2 303.
 (2)

The concentration of dye at equilibrium position is Qe, 
the concentration of dye at specific time ‘t’ is Qt and k1 is 
the constant used for rate per unit time of first-order kinetic 
model. By drawing a plot between log(Qe – Qe) against 
time t a straight line with intercept logQe and slope k1 was 
obtained [28] given in Fig. 8. The values for k1 (min−1) and 
Qe (mg g−1) were determined by the slope and intercept 

and are given in Table 1. The regression value of correla-
tion factor R2 for the pseudo-first-order kinetics was less 
than the pseudo-second-order kinetic but there was not a 
big difference between calculated (0.137) and experimen-
tal (0.14) values of Qe for pseudo-first-order kinetics which 
reveals that the adsorption of Congo red over C. deodara 
saw is much followed by the pseudo-first-order kinetics 
mechanism as well as the second order.

3.4.2. Pseudo-second-order kinetics

The kinetic expression for the pseudo-second-order 
reaction can be written as follows [27]:

t
Q k Q

t
Qt e e

�
�

�
��

�

�
�� �

�

�
��

�

�
��

1

2
2  (3)

where t, Qt, and Qe are time, amount of dye adsorbed at time 
t, and amount of dye adsorbed at equilibrium contact time. 
By plotting a graph between t/Qt and time t, we get a straight 
line with slope 1/Qe and intercept 1/h. Where ‘h’ equals to 1/
k2Q2

e [29] as given in Fig. 8. The values for k2 (g mg−1 min−1) 
and Qe (mg g−1) were calculated by the slope and intercept 
and are placed in Table 1. The regression or correlation value 
R2 for pseudo-second-order kinetics was 1.0 which is greater 
than the regression value of pseudo-first- order kinetics 
(0.989). Moreover, the calculated value (3.957) of Qe by the 
pseudo-second-order kinetics was closer to the experimen-
tal value (3.966) of Qe. So, it was concluded that the exper-
imental data of Congo red adsorption over C. deodara saw 
follows the pseudo-second-order kinetics is well manner.

3.4.3. Intra-particle diffusion model

The simplified form of the equation for the intra- 
particle diffusion model can be written as follows [30]:

Q k tt p=
1
2  (4)

where kp is the rate constant and it can be calculated by the 
linear regression value of the data of experiment which was 
plotted as Qt vs. t1/2. The plot should be passing through 
the origin with a straight line when about 40% of the 
equilibrium amount of dye is adsorbed over the surface of 
the adsorbent. But the plot obtained by the data is not lin-
ear at all, as shown in Fig. 9a. It means that this model is 
not only governing the adsorption procedure. Besides of 
all the lower values of the coefficient of correlation for the 
intra-particle diffusion model suggested that the diffusion 
model is not sufficient for explaining the mechanism of 
adsorption. To be very clear with results that the adsorp-
tion of Congo red dye over sawdust of C. deodara cannot 
be represented by the single adsorption kinetic mechanism.

3.4.4. Liquid film diffusion model

The liquid film diffusion or Reichenberg model can be 
expressed as [31]:

ln fd

1−





= − ×

Q
Q

K tt

e

 (5)

Fig. 6. Effect of initial concentration (0.3 g of adsorbent, pH 7 at 
room temperature).

Fig. 7. Effect of temperature on percentage removal and 
Qe (100 mg L−1 initial dye concentration, 20 min contact time at 
pH 7.0).
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This equation can also be simplified as follows.

�t
t

e

Q
Q

� � � �
�

�
��

�

�
��0 4977 1. ln  (6)

where Kfd is the rate constant for the liquid film diffusion 
model. The plot between βt vs. time t should be a straight-
line graph. Qe is an amount of dye adsorbed in mg g−1 
over the surface of adsorbent at equilibrium time and Qt 
is the amount of dye adsorbed in mg g−1 at a given time t. 
This model can only be applicable if a straight line of graph 
passes through the origin and from Fig. 9b, it is clear that 
the line was unable to pass through the origin which limits 
the applicability of this model on the adsorption mecha-
nism of this Congo red dye over C. deodara saw. So, it can 
be easily concluded that the present adsorption phenomenon 
cannot be explained by single adsorption kinetics.

3.5. Adsorption isotherms

For the application of adsorption process on commer-
cial and industrial scale, the quantification of adsorption 
data and procedure is very necessary. The equilibrium of 
adsorption was used as an important tool for analyzing 
and formatting the adsorption process because it pro-
vides all important, necessary, and informational data 
about the physiochemical nature of adsorbent for predict-
ing its applicability at different scales. For this purpose, 
the data of adsorption of Congo red dye over the surface 
of sawdust of C. deodara related to the dye concentration 
parameter was subjected and analyzed by different iso-
thermal models including Langmuir, Freundlich, and 

Dubinin–Radushkevich isotherms. And the comparison 
of adsorption capacity (mg g−1) of different adsorbents 
with present studies is given in Table 3.

3.5.1. Langmuir adsorption isotherm

The Langmuir adsorption isotherm has been used 
by various researchers in different systems. This model 
explains the homogeneity of the adsorbing surface with 
no interactions between adsorbed species and adsorbent, 
at equilibrium conditions. The following equation is the 
linearized form of Langmuir [32]:

C
C Q K C Q

e

m L e mads

=
+( )
1

/
 (7)

In this equation, Qm is a constant known as mono-
layer adsorption capacity (mg g−1), KL or some time writ-
ten as “b” (dm3 mol−1) is a constant related to the energy 
of the adsorption. Generally, constant Qm and KL describe 
the functions of adsorbate: mainly pH, ionic medium, 
and ionic strength. The value of Qm was calculated with 
the help of the linearized form of Langmuir adsorption 
isotherm by plotting a graph between Ce/Cads (g L−1) vs. 
Ce (mol L−1) as shown in Fig. 10(a). The maximum value 
for R2 was considered as the best fit model to explain the 
isothermal behavior of the adsorption process. All deter-
mined constants for Langmuir adsorption isotherm are 
given in Table 2 with SSE. To compare the fitness of differ-
ent models of isotherms the value of R2 for linearized form 
and SSE may be calculated as follows [31]:

R
C C

C C C C
2

2

2=
−

− − −

( )
( )

∑ ads,cal ads,exp

ads,cal ads,exp ads,cal ads,,cal( )∑∑
2

 (8)

SSE exp cal� �� �
�
�
i

N

C C
1

2
 (9)

where Cads,cal is the calculated value for the amount of dye 
adsorb (mol g−1), Cads,exp is an experimental value for the 
amount of dye adsorb at the surface of adsorbent (mol g−1).

Table 1
Parameters of kinetic models

Kinetic equation Parameters R2

Pseudo-first- 
order

Qe (mg g−1) K1 (min−1)
0.9892

0.14 0.047
Pseudo-second- 
order

Qe (mg g−1) K2 (g mg−1 min−1)
13.966 1.061

Qe (exp) is 3.957 which is closer to pseudo-second-order kinetics.
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As an essential feature of Langmuir isotherm is a con-
stant dimensionless term known as RL parameter and it 
is used to find either the adsorption system is favorable or 
unfavorable and it is represented as follows [34]:

R
bCL � �� �
1

1 0

 (10)

where “b” can also be written as KL. C0 is the initial concen-
tration in mol L−1. The value of RL may predict the results as 
follows [33].

• If RL is in between 0 and 1, then adsorption will be 
favorable

• If RL is greater than 1 adsorption will be unfavorable.
• If RL is equals to 1, then linear adsorption will occur.
• If RL is equals to 1, then irreversible adsorption will 

occur.

The calculated value for RL given in Table 2, 0.981 
which was in between 0 and 1, so the adsorption process 
for Congo red dye over sawdust is said to be more favor-
able. In Fig. 10(a) relation between Ce (mol L−1) and Qe 
(mg g−1) is also given. There was a direct relation between Ce 
(mol L−1) and Qe (mg g−1). With the increase of Ce (mol L−1) the 
Qe (mg g−1) was also increased.

3.5.2. Freundlich adsorption isotherm

Freundlich adsorption isothermal expression was pro-
posed by the H.F. Freundlich which can be written as 
follows [34]:

C K Cf n
ads =

1

 (11)

The linearized form of the above equation can be 
represented as follows [34]: 

log log
logadsC K

n Cf
e

= + ( )
1  (12)

where Ce is the concentration of dye adsorbed at equi-
librium (mol L−1) and Cads termed as the concentration of 
dye adsorbed per unit mass of adsorbent (mol g−1). Kf and 
“n” are the Freundlich constants that indicate the adsorp-
tion capacity and intensity, respectively. If the experimen-
tal data gave the best fitness over the Freundlich isotherm, 
it reveals that multilayer adsorption will occur, and the 
amount of dye adsorb over C. deodara saw surface will 
have no limit. The linear form of Freundlich adsorption 
isotherm is given in the following Fig. 10b and obtained 
parameters of the Langmuir model are given in Table 2.

3.5.3. Dubinin–Radushkevich adsorption isotherm (D–R)

The non-linearized form of D–R isothermal expression 
can be expressed as [31]:

C Cmads exp� �� ���2  (13)

where Cads is the concentration or amount of Congo red dye 
adsorb over the surface of the adsorbent. Cm (mol g−1) is the 
maximum amount of Congo red dye adsorbed over the saw-
dust, β is the constant related to the energy of the adsorption 
process and ε is also a constant called Polyanyi potential and 
can be expressed as [35]:

ε = +






RT

Ce
ln 1 1  (14)

Table 2
Parameters of isotherms

Isotherm 
model

Parameters R2 SSE

Freundlich
1/n Kf (m mol g–1)

0.992 0.057
0.9079 66,044

Langmuir
Qm (mg g–1) b (dm3 mol–1)

0.8535 0.011
182.5 137,072

D–R
β (kJ–2 mol–2) Es (kJ mol–1)

0.9964 0.0040.0054 7.44

Table 3
Comparison of adsorption capacity of different adsorbents to remove Congo red dye

Adsorbent Equilibrium 
concentration (mg L−1)

Adsorption 
capacity (mg g−1)

Equilibrium 
time (min)

Adsorbent 
dosage (g L−1)

References

AMSD 70 33.73 30 0.2 [21]
Phoenix Dactylifera seeds 20 61.72 120 0.6 [22]
Natural Serpentine 100 15.36 180 0.2 [37]
Soil 50 2.230 40 2.5 [39]
Activated Moringo oleifera seed coat 10 1.861 90 0.1 [41]
Solanum tubersum 50 6.9 50 0.8 [42]
Pisum sativum 50 16.4 35 0.6 [42]
Limonia acidissima 50 60.22 120 0.5 [43]
Aloe-vera leaves shell 100 91 20 1.0 [44]
Cedrus deodara sawdust 100 182.5 20 0.25 Present work
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where R is the general gas constant, T is the absolute tem-
perature in Kelvin and Ce is the concentration of dye 
adsorb at time of equilibrium (mol g−1).

The linearized form of the above D–R isothermal 
equation [36]:

ln lnadsC Cm= − −βε 2  (15)

Through the value of β the mean energy of the adsorption 
process (Es) can be calculated as follows [35]:

Es �
�� �
1

2
1 2

�
/

 (16)

where Es is the mean free energy transfer of one mole of 
dye to the surface of adsorbent (C. deodara saw).

By using the linear form of the D–R isotherm equation 
a straight-line plot between lnCads vs. ε2 for the adsorption 
of Congo red over sawdust of C. deodara obtained and dis-
played in Fig. 10c. The slope and intercept values used 
for determining the Es and β constants values are given 
in Table 2. The value of β (0.0054) used to calculate the 
adsorption energy (Es) which is 7.44 kJ mol−1. Higher the 
value of free sorption reveals the stronger bonding between 
adsorbate molecules and adsorbent surfaces. The values 
of regression R2 and SSE were predicting that the D–R iso-
therm was showing the best fitness towards the experimen-
tal data. The value of R2 and SSE are 0.9964 and 0.004 for 
D–R isothermal model.

3.6. Thermodynamics of adsorption

Heat changes in a system or state of a system can 
be defined by some state functions including Gibbs free 
energy (∆G), entropy (∆S), and enthalpy (∆H). And in the 
determination of these parameters will show the nature of 
the adsorption process either it is exothermic or endother-
mic in nature. All these parameters of thermodynamics 
can be determined by the given expression [35]:

ln
RT

K S
R

H
c =

∆





−
∆





 (17)

∆S is entropy (account for disturbance of system) ∆H is 
enthalpy or total heat content of the system, T stands 
for temperature in Kelvin, Kc is the equilibrium constant.

K
C
Cc
a

e

=  (18)

where Ca and Ce are the equilibrium constants, the amount of 
dye adsorb on adsorbent (mol L−1) at equilibrium and equi-
librium concentration of dye in solution (mol L−1), respec-
tively. If adsorption is an exothermic process then there will 
be negative values for the Gibbs free energy, entropy, and 
enthalpy and the relation between these parameters is as 
follows [38]:

∆ ∆ ∆G H T S° = ° − °�  (19)
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Fig. 10. Isotherm plots for aqueous removal of Congo red over saw dust of C. deodara.
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The negative value of enthalpy and entropy generally 
shows the exothermic nature of the reaction. So, the pres-
ent adsorption process represented inverse relation with the 
temperature, as the temperature increases, it will decrease 
the adsorption of Congo red on the C. deodara saw sur-
face and vice versa [39]. The plot between lnKc vs. 1/T for 
adsorption of Congo red dye over sawdust of C. deodara 
can be demonstrated by Fig. 11. The values for the adsorp-
tion enthalpy (∆H°) and adsorption entropy (∆S°) were cal-
culated by the slope and intercept from the plot between 
lnKc vs. 1/T. The values for Gibb’s free energy (∆G°) for the 
adsorption of Congo red over sawdust were calculated 
by using the above relation-19. Values for all thermody-
namics parameters are represented in Table 4. Decrease 
in value of ∆G° with rise in temperature represents the 
decrease in feasibility and adsorption at higher tempera-
ture. Further, the negative value for ∆G° revealed that the 
process was spontaneous in nature. The positive value 
for enthalpy ∆H° predicts that the adsorption of Congo 
red dye was an endothermic mechanism. Likewise, the 
positive value for entropy ∆S° was exhibit an increase in 

randomness at the interface of adsorbent–adsorbate during 
the adsorption of Congo red over sawdust of C. deodara.

3.7. Applicability of developed procedure

The same procedure with optimized conditions was 
applied to the real sample of tap water solution of Congo 
red dye was investigated over C. deodara saw. The maxi-
mum adsorption of Congo red dye solution of tap water 
was 94%. The data for the percentage adsorption of Congo 
red is given in Table 5. Results are a clear indication that 
the sawdust of C. deodara can be potentially used for the 
removal of Congo red dye. This developed procedure can 
be applied for the removal of Congo red dye from the 
wastewater or effluents.

4. Conclusion

In this research article, the batch sorption study of 
Congo red dye from its aqueous solution over sawdust of 
C. deodara was carried out in detail. The percentage removal 
of Congo red dye was increased with the impact of sev-
eral parameters: temperature, adsorbent weight, pH, and 
contact time while it was decreased with initial dye con-
centration. The kinetic study of sorption revealed that 
the experimental data for adsorption of Congo red dye 
over sawdust of C. deodara was best fitted with pseudo- 
second-order kinetic model based on values and D–R 
isothermal expression based on SSE (0.9962, 0.004) val-
ues. The adsorbent surface was characterized by FT-IR 
and SEM analysis. Thermodynamic studies revealed that 
Congo red dye adsorption over sawdust of C. deodara is an 
endothermic spontaneous process in nature. The present 
experimental analysis concluded that C. deodara saw can 
be used efficiently as an alternative adsorbent to remove 
Congo red dye from aqueous media.
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