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Abstract: In this paper clay brick waste was applied as
adsorbent material for Methylene blue dye removal from
simulated wastewater. A series of tests were carried out
at different conditions, such as solution pH, initial
concentration of Methylene blue dye, amount of
adsorbent added and contact time. The best removal
efficiency was obtained at pH 9, adsorbent weight 2g,
initial dye concentration 10 mg/L and contact time 30
minutes.
Results indicated that the clay brick waste are proper in
removing dye from wastewater. The isotherm for the
adsorption of dye on to the clay brick waste was tested by
Freundlich and Langmuir isotherms and gave good results.
FTIR images of Clay Brick Waste before and after
adsorption were confirmed successfully the uptake of dye
by brick waste.
Keywords: CBW, Methylene Blue Dye, Adsorption,
Freundlich and Langmuir isotherms

for their high chemical oxygen demand, but also
for color, which is the first visual contaminant to
the human. Improper disposal of these dye can
lead to dangerous environmental problems due to
their ecotoxicity [2, 3], chemical composition
and non-biodegradability nature, [4, 5]. To
develop
cheaper
and
more
effective
technologies, there are many methods that have
been studied in the last period. Among these
methods, adsorption has received a great deal of
attention because of its low cost, high efficiency,
and easy operating conditions [6, 7]. A large
amount of clay brick waste (CBW) resulted from
the demolition of old buildings due to the
acceleration of construction and urban progress
and its recycling process has played a significant
role in our construction and environment [8].
CBW which is a silicate solid waste containing
mainly AI2O3 and SiO2 these two amounts
accounting 80% of the total other are MgO, CaO,
TiO2 and Fe2O3 [9]. Since the CBW is mostly
used, low cost, ecofriendly and available
material, so it can be used as a good adsorbent
[10].

1. Introduction
The recycling of waste water has become a global
problem in worldwide to protect a sustainable
future due to poor water sources which is
considered a difficult problem at every place.
Dye mainly released into waste waters by
industries, dye manufacturing and textiles as
well as other fabric finishing industries [1]. One
of the major problems of waste waters should be
treated the effluents of dyeing industry not only
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Few studies have reported using CBW to remove
dyes from polluted solution [9; 11; 12]. [9]
Reported the remove of MBD from aqueous
solutions using Brick Kiln Chamber Fly Ash
(BKCFA) through batch mode studies. The
maximum removal was attained at pH 11. The
optimum concentration for maximum removal of
MBD by adsorption onto BKCFA were found to
be 30 mg/L. The optimum contact time for
maximum percentage removal of MBD was
found to be 30 minutes. The optimum dose rate
for maximum percentage removal of MBD was
found to be 1g/L. The adsorption data were
described well with Freundlich and Langmuir
isotherms. They concluded the low-cost Brick
Kiln Chamber Fly Ash is the best alternate for
high cost commercial activated carbon for the
removal of dye from textile effluents. [11]
Studied on the batch adsorption of MBD, from
aqueous solution (40 mg /L) onto cedar sawdust
and crushed brick in order to explore their
potential use as low-cost adsorbents for
wastewater dye removal. The results showed
maximum adsorption capacities of 142.36 and
96.61 mg/g for cedar sawdust and crushed brick,
respectively. The Influence of temperature and
pH of the solution on adsorption process were
also studied. The extent of the dye removal
decreased with increasing the solution
temperature and optimum pH value for dye
adsorption was observed at pH 7 for both
adsorbents. The results indicate that cedar
sawdust and crushed brick can be attractive
options for dye removal from dilute industrial
effluents. [12] Used the brick waste to remove
basic blue 41 dye from an aqueous solution. The
removal capacity increased with an increase in
the initial concentration, temperature and the
mass of brick waste used. The pH of the initial
dye solution affected the removal capacity at
values between 2 and 4 but remained unchanged
at higher pH values above pH =10.
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The aims of this study were to use clay brick
waste resulting from building demolition as an
adsorbent material to remove methylene blue dye
(MBD) from polluted water.
2. Material and method
2.1. Basic methylene Blue

The cationic dye was supplied from commercial
market, at Baghdad city. Characteristics of the
dye are shows in Table 1.
Table 1. Characteristic of the MB dye used in this study
Items

Methylene blue "MB"

Trade name

Methylene blue

Chemical formula

C16 H18CIN3S

Nature

Cationic

Phase

Solid/Powder

Wave length (nm)

665
319.85

Molecular weight g/mol

Chemical structure

2.2 Preparation of Clay Brick Waste (CBW)

The CBW were collected from a construction
site from the demolition of a building. The CBW
was washed thoroughly many times with tab
water then with distilled water and dried by air
after that crashed into small pieces using a
hammer and grounded into a powder form. The
powdered CBW were stored in containers and
screened through (1.18mm) sized sieve. CBW
was used in this study as shown in figure (1), its
chemical properties are shown in Table 2.
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mL solution of MB with different initial
concentrations (10,20 and30) mg/L. The mix
was placed on a shaker-orbital with different
mixing speeds 100, 200 and 300 rpm, while pH
of the wastewater was varied from 5, 7 and 9 by
adding 0.1N HCL or 0.1N NaOH to get the
desired pH checked by pH-meter which is
measure acidity or alkalinity in solution. The
samples were collected every 30 minutes and
filtered by using (0.45 µm) filter paper diameter
and dye concentration was measured by the
spectrophotometer which used to find the
absorbance after that the FTIR analysis was don
for samples before and after adsorption to
measure the functional group of the adsorbent
material. The Final results of the removal
efficiency were plotted as shown in the figures.
Removal efficiency was calculated as follow
[13].

Figure 1. CBW
Table 2. Chemical analysis of CBW
Composition

Content (wt. %)

SiO2

41.49

Al2O3

9.36

CaO

28.82
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𝑅 (%) =

(𝐶𝑂 − 𝐶𝑒 )
∗ 100
𝐶𝑂

(1)

Fe2O3

5.602

K2O

0.87

TiO2

0.73

R (%) = Removal efficiency

MgO

4.6

Then find Adsorption capacity (mg/g):

Where:

𝑞𝑒 =
2.3 Batch Adsorption of dye

𝑉(𝐶𝑂 − 𝐶𝑒 )
𝑀

Where:
M: adsorbent mass (g).
V: is solution volume (L).
qe: is the adsorbed metal
concentration, (mg/g).

Stock solutions of 1000 mg/L were prepared by
adding one gram of MBD in 1000 mL of
distilled water then diluted to the desired
concentration. The adsorption experiments were
carried out to evaluate the performance of CBW
to remove MBD from polluted water as a
function of pH, adsorbent weight, adsorbate
initial concentration and contact time on
removal efficiency, all the experiments were
done at room temperature (25±5 oC).

(2)

ions

mass

Ce and Co are equilibrium and
concentrations (mg/g), respectively.

initial

3. Results and Discussions
3.1 Effect of pH

One of the most important factors in controlling
the adsorption of dye is pH, which was varied
from 5, 7 and 9. The effect of pH on removal
efficiency of MBD on the CBW at 60 min time.

Prepared CBW a powder was used in different
weights (0.2, 0.5, 1, 1.5, 2, 4, 6, and 8) gm were
added by500 mL conical flasks filled with 300
51
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101
91
81
71
61
51
41
31
21
11
1

Removal efficiency %

Removal efficiency %

at 200 rpm speed, 2 g and 10 mg/L of 300 ml
volume, temperature (25±5 oC) as shown in
figure (2).

Wt=2 gm
Co=10mg/L
t=1 hr
T= 25±5 oC
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pH=9
Co=10mg/L
t=1 hr
T= 25±5 oC
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Figure 3. Effect of CBW weights on the removal
efficiency of MBD.

9 10

pH

An Increasing in the adsorbent weight until 2gm
is thus seen to enhance increasing in the
percentage removal of MBD until reaches
equilibrium state, because of the availability of
more adsorption sites and then occupied all
active sites on the adsorbent surface thus leading
to no significant increase in the dye removal
efficiency. The optimal removal efficiency was
found with an adsorbent dosage of 2 g/300 mL
to be ideal concentration for MBD removal.
Which is in agreement with the findings of [9]

Figure 2. Effect of pH on removal efficiency of MBD
using CBW.

Obviously from the figure, the removal
efficiency of MBD increased with an increasing
in pH value of solution and optimum removal
efficiency (80%) attained at pH= 9 which
represented the best dye removal due to
increased negative charge on the CBW surface,
which leads to Electrostatic attraction with MB
cationic dye. These results agree with the results
of [9].

3.3 Effect of initial dye Concentration
3.2 Effect of Adsorbent weight

The initial dye concentration has an important
effect on the adsorption capacity by varying
concentrations from (10, 20 and 30 mg/L) were
selected by optimum conditions obtained from
previous experiments (pH 9, 2 g) with contact
time of 60 minute and rotating speed 200 rpm.
Figure (4) shows results

To study the effect of CBW on MB adsorption
many experiments were done by changing the
adsorbent weight from (0.2, 0.5, 1.5, 1, 2, 4, 6,
8) g in a 10 mg/L MB solution at room
temperature with pH 9, mixing time 60 minute
and rotating speed was 200 rpm. All results are
shown in figure (3).
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The removal efficiency increased with contact
time until 30 min which was sufficient
invariably to reach equilibrium. The adsorption
rate was rapid in the beginning (77 %) at the
time 15 minute which is attributed to an
availability of more active sites on the bricks
powder clay that are dominated by diffusion
procedure of contaminated partials to surface of
the adsorbent. At 30 minute the adsorption
reached equilibrium due to the saturation of the
active sites. Similar result was obtained by [9]

pH=9
Wt=2 gm
t=1 hr
T= 25±5
oC

Bricks

0 5 10 15 20 25 30 35
Co (mg/L)

3.5 Adsorption isotherms

The adsorption isotherms were studied using
Langmuir and Freundlich models. The Langmuir
model is depended on the theoretical assumptions
that existing adsorption positions are identical,
energetically homogeneous and can only retain
one molecule of the substance The Langmuir
equation [14] is explained below:

Figure 4. Influence of initial dye concentration on
removal efficiency of MBD

It was noticed that removal of MBD decreases
with increasing concentration of dye where the
highest percentage removal (80%) was achieved
within the 10 mg/L before the gradual decline
due to absence of empty active sites required for
adsorption of MB dye at high concentrations.
Similar observation was reported by [9]

𝐶𝑒
1
𝐶𝑒
=
+
𝑞𝑒 (𝑞𝑚 ∗ 𝐾𝐿 ) 𝑞𝑚

3.4 Effect of contact time

The percentage removal of MBD from solution
was studied as shown in Figure (5), with pH 9,
mixing speed 200 rpm, adsorbent dosage 2g/300
mL and 10 ppm initial dye concentration.
110

Removal efficiency %

90
80

The Freundlich isotherm [15] describes
heterogeneous surface adsorption, the formation
of more than one layer is probable. The linear
form of Freundlich equation is show as follow:
1
log 𝑞𝑒 = log 𝐾𝐹 +
(4)
𝑛 log 𝐶𝑒
Where:

70
Bricks

60

(3)

Where:
qe = amount of adsorbate adsorbed at equilibrium
(mg/g)
Ce = concentration of dye (mg/L) in the solution
at equilibrium.
qm = monolayer adsorption capacity (mg/g)
KL: is the Langmuir equilibrium constant (L/mg).

pH=9
Wt=2 gm
Co=10mg/
L
T= 25±5 oC

100
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𝐾𝐹 = Freundlich adsorption isotherm constant,
indicating the amount of adsorption
n = Freundlich constant related to adsorption
intensity.

0 15 30 45 60 75 90 105 120
Time (min)

Figure 5. Impact of contact Time (min) on MBD
removal
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Table 3. Langmuir and Freundlich isotherm constants
Model
Parameters
Brick

y = 1.6664x + 0.0455
R² = 0.8475

ce/qe

Bricks
Bricks)( خطي
14
12
10
8
6
4
2
0

Langmuir
Isotherm

MBD
Freundlich
Isotherm
0

1

2

3

4

5

6

7

8

ce

Figure 6. Langmuir adsorption isotherm for MBD
(linear equation)

Bricks

log qe
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qm (mg/g)

0.6

KL (L/mg)

36.63

R2

0.8475

KF (mg/g)
(L/mg)1/n
N

25.322

R2

0.8222

3.254

The values of R2 for Langmuir and Freundlich
models are 0.8475 and 0.822 respectively.
Therefore, the Langmuir isotherm described the
adsorption of MB on the CBW well and there is
monolayer adsorption process occurs on the
homogeneous distribution of active sites onto
CBW surface.

y = 0.3073x + 1.4035
R² = 0.8222

2.5
2
1.5
1
0.5
0

3.6 FTIR analysis of Clay Brick Waste (CBW)
-2

-1

0

1

The FTIR Spectra of the (CBW), in the range of
400 - 4000 cm−1 was taken to prove the
existence of functional groups that might be
responsible for the adsorption process before and
after loaded of MBD as shown in Figure (8and9).
It was noticed from table 4 the most functional
group essential for MBD adsorption C-H 1,2,3
Trisubstituted, Alkene C=C, C-Br
halo
compound. The alkane C-H group may also be
responsible for dye adsorption. Few groups such
as O-H stretching, C-C
Alkane, Fluoro
compound C-F, Alkene C=C are also
responsible for pollutants adsorption on the
surface of CBW. Total difference in the
percentage of transmission (%T) before and after
adsorption is 99 cm-1 for MBD adsorption.

2

log ce
Figure 7. Freundlich adsorption isotherm for MBD
(linear equation)

High adsorption capacity of CBW was examined
at a room temperature, initial dye concentration
of 10 ppm, pH 9, with adsorbent dosage from (0.2
to 8 g) in 300 ml solutions and contact time 60
minute using the Langmuir and Freundlich
equations. The correlation of equilibrium data
(R2) and the isotherm constants were presented in
table 3.
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Table 4. Functional group of CBW loaded by MBD

Waven
umber
cm-1

Functional
group

3423

O-H
stretching

Tr (%)
before
adsorpt
ion

Tr (%)
after
adsorpt
ion

Δ

78

70

8

79

76

3

C-C
Alkane

77

68

9

1935

Alkane C-H

65

55

10

1059

Fluoro
compound
C-F

9

2

7

1036

Fluoro
compound
C-F

11

3

8

968

Alkene
C=C

8

2

6

723

C-H 1,2,3
Trisubstitut
ed

59

43

16

679

Alkene
C=C

49

33

16

640

C-Br halo
compound

47

31

16

1732

1622

C-H Alkene

Figure 8. FTIR spectrum of CBW before adsorption

Figure 9. FTIR spectrum of CBW after adsorption.

4.

99

Conclusions

The adsorption of MBD was strongly reliant on
pH and best removal was achieved at pH 9. The
optimum concentration for the maximum
removal of MBD was found to be 10 ppm. The
removal efficiency of MBD increased with the
increase in the contact time and the suitable
adsorption times are 60 min. Adsorption data
were described well with Freundlich and
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Langmuir isotherms. Langmuir model was
fitted well for adsorption of methylene blue, and
revealed that, dominant monolayer adsorption
of MBD. The FTIR analysis observed that the CH 1, 2, 3 Trisubstituted was most functional
group responsible for methylene blue
adsorption. CBW as a good adsorbent material
for remove MBD from aqueous solution and is
economical adsorbent for the removal of MBD
due to greater and easy abundance, ecofriendly
and low cost.
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