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Abstract
The present study reports the synthesis of ZnO-bentonite nanocomposite by the
incorporation of ZnO with bentonite clay. The nanocomposite was characterised by
XRD, SEM and EDS. ZnO-bentonite was effectively used for removal of Methylene
Blue (MB). Removal of MB takes place by photocatalytic degradation and
adsorption. Photocatalytic degradation of MB occurs by advanced oxidation process.
The factors affecting photocatalytic degradation like pH, initial dye concentration,
contact time and photocatalyst dose are investigated. Optimum pH was 8 and contact
time was 80 min for photocatalytic degradation of MB. The kinetic study shows that
adsorption follows pseudo-second-order kinetics. Adsorption was also described by
Langmuir and Freundlich isotherms. Adsorption isotherm found to follow Langmuir
isotherm. The monolayer coverage capacity was observed to be 62.5 mg/g. The
amount of dye adsorbed was 252.7 mg/g for 0.2 g/L photocatalyst dose at 60mg/L
MB concentration.
Keywords: Methylene Blue; photocatalytic degradation; ZnO-bentonite; advanced
oxidation process.
Introduction
Dye
production
and
textile
manufacturing industries introduce
large amount of wastewater containing
different dyes and organics into the
environment.
Textile
industries
generate 100-170 L dye effluent per kg
of processed cloth. Since dyes are
stable, potentially carcinogenic and
toxic, their release causes serious
environmental problems [1,2]. It was
observed that dyes show toxic effect as
well as reduce light penetration in the
contaminated water bodies. Most of the
textile dyes are stable to the chemical
oxidation and biodegradation [2,3]. Due
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to these characteristics dyes exhibit
more
resistivity
towards
decolourisation
by
conventional
biochemical
and
physicochemical
methods [4-6]. So to decrease the
environmental issues, it is essential to
remove these dyes before discharging
effluent into the environment. In this
context, several physical, chemical and
biological techniques are reported for
removal of these dyes [7,8].
Recently, extensive work has been
carried out on semiconductor based
photocatalysts
due
to
their
photoefficiency [9-10]. Semiconductor
based nanocomposites are also found to
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be efficient for the removal of different
dyes and organics from wastewater.
Many researchers have carried out a
work on clay supported semiconductor
nanocomposite [4,8]. Photocatalytic
degradation and adsorption can be
attributed to enhancement in removal
efficiency
of
nanocomposites.
Semiconductor photocatalysts like ZnO
have more negative potential of
electron derived from it, as compared to
TiO2. Thus ZnO is effectively used for
photocatalytic degradation of organics
from wastewater. Clay from the
nanocomposite is responsible for
adsorption [11,12], which is efficient
and the most effective method for the
removal of organics from wastewater,
especially when the organic species are
transferred from water effluent to solid
phase [13-16]. Also due to the cost
effectiveness and ease of operation
adsorption has been found to be a
promising method. The heterogeneous
photocatalyst
removes
organic
pollutants from industrial wastewater

by Advanced Oxidation Processes
[17,18].
The present study involves
synthesis of nanocomposite using ZnO
semiconductor, bentonite clay and
characterization
ZnO-bentonite.
Photocatalytic degradation of MB was
carried out using ZnO-bentonite
nanocomposite; also experimental
conditions
are
optimised
for
photocatalytic degradation of MB.
Experimental
Materials
Methylene Blue is a cationic dye with
molecular weight 319.85 g/mol (M.F.
C16H18N3SCl).
Stock
solution
(500mg/L) of Methylene Blue was
prepared in distilled water. The
experimental solutions of required
concentrations are prepared by diluting
stock solution with distilled water. All
other chemicals used in this study were
of analytical grade. The molecular
structure of MB is shown in Figure 1.
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Figure 1. Molecular structure of the Methylene Blue
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Synthesis
of
ZnO-Bentonite
nanocomposite
Bentonite clay was purified as reported
by Meshram et al [4]. ZnO-Bentonite
nanocomposite was synthesized by
intercalation of ZnO into the bentonite
clay
[4].
Initially,
2
g
Zn(CH3COO)2.2H2O was dissolved in
250 mL DMF, to which 10 g purified
clay was added. Then the mixture was
sonicated for 3h to obtain homogeneous
suspension. To this solution, 100 mL of
0.1 M NaOH solution was added with
continuous stirring for 1 h. The
nanocomposite was obtained after
successive
centrifugation
and
dispersions
in
alcohol.
Finally
nanocomposite was dried under
vacuum and calcinated at 200 0C for 23 h.
Photocatalytic study
The photocatalytic degradation of MB
was carried out in photocatalytic
reactor, containing 400 W mercury
lamp. Cooling water jacket is used to
maintain the inside temperature of the
reactor. 50 mL dye solution having
different nanocomposite doses were
placed in a photocatalytic reactor, then
adequate amount of the sample was
withdrawn at regular intervals. After
centrifugation,
changes
in
dye
concentration were determined by UVvisible double beam spectrophotometer

(Systronics model-2203) at λmax 664nm.
The removal percentage of MB and the
amount of MB adsorbed were
calculated by equations 1 and 2.
𝑪𝒊 −𝑪𝒕
)
𝑪𝒊

𝑹𝒆𝒎𝒐𝒗𝒂𝒍 𝒑𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 = (
(1)

𝒒𝒕 =

(𝑪𝒊 −𝑪𝒕 )𝑽
𝑾

𝟏𝟎𝟎

(2)

where Ci (mg/L) is the initial MB dye
concentration; Ct (mg/L) is the MB
concentration at time t ; qt (mg/g) is the
adsorption capacity at time t; V (L) is
the initial volume of dye solution and
W (g) is the amount of nanocomposite.
Result and discussion
SEM and EDS analysis
Scanning electron microscopy was used
to study the morphology of ZnObentonite. Figure 2 (a) shows the SEM
of ZnO-bentonite nanocomposite. SEM
micrograph shows that ZnO-bentonite
has well defined granular particle size
having
grooves
favourable
for
photodegradation
and
adsorption.
Figure 2 (b) shows that ZnO-bentonite
contains C K (21.33%), O K(33.37%),
Zn K(11.34%), Na K(1.40%), Si
K(24.81%),
Fe
K(0.91%),
Al
K(2.64%),and Ca K(0.20%). EDS of
ZnO-bentonite micrograph shows the
presence of peaks of Zn and O proves
existence of ZnO in the nanocomposite.
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Figure 2. SEM micrograph (a) and EDS (b) of ZnO-bentonite

X-ray diffraction analysis
The XRD diagram of ZnO-bentonite is
shown in Figure 3. The prominent ZnO
peaks observed at 2θ of 30.9o, 33.5o,
35.3oand 55.7oare attributed to (1 0 0),

(0 0 2), (1 0 1), and (1 1 0) planes
respectively [4] (JCPDS Card No.751533). Natural bentonite peak was
observed at 2θ of 25.7o.

Figure 3. XRD of ZnO-bentonite

Effect of pH
Photocatalytic degradation of dye is
greatly influenced by pH of the dye
solution. The effect of pH on
photocatalytic degradation was studied

from pH 1 to 10 at 20 mg/L MB
concentration for 1g/L ZnO-bentonite
dose. It was observed that initially
percentage removal increases from 77
to 89.9% as pH increases from 1 to 8
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then thereafter it decreases upto 87.8%.
Since MB is a cationic dye, its
degradation and adsorption are
favoured at higher pH due to the more
availability of -OH to generate more
•
OH radicals. •OH radicals are
responsible for photodegradation of
MB [19-21]. Further, increasing the pH
resulted into a decrease in the rate of
photocatalytic degradation. The present
study reports the higher probability of
occurrence of degradation of MB at
surface
of
ZnO-bentonite
nanocomposite. After a certain pH
value, more O2−• are generated that will
make the surface of semiconductor
negatively charged and it restricts the
approach of dye molecules towards the
semiconductor surface. This will result
into a decrease in the rate of
photocatalytic degradation of MB.
Effect of contact time and initial dye
concentration
Removal of dye from wastewater
depends on initial dye concentration
and contact time. The effect of initial
dye concentration and contact time on
removal of MB by ZnO-bentonite is
shown in Figure 4. It was found that,

initially the dye removal is faster then it
becomes slower to attain equilibrium.
The equilibrium time was found to be
80 min. As dye concentration increases
from 20 to 60 mg/L, the percentage
removal decreases from 97.3 to 97.1%
for 1g/L photocatalyst dose. Initially
the amount of dye adsorbed on ZnObentonite nanocomposite increases with
increase in dye concentration, then
thereafter it attains equilibrium (Figure
5). The amount of adsorbed dye (qt)
increases from 19.46 to 58.78 mg/g
when dye concentration was increased
from 20 to 60 mg/L for 1g/L
photocatalyst dose. The adsorption was
pre-conducted in dark for 60 min for
the dye solution in the presence of
catalysts. The absorbability of ZnO,
bentonite and ZnO-bentonite are 9.5,
24.3 and 38.5% respectively for 20
mg/L MB concentration and 1 g/L of
catalyst. After light irradiation upto 80
min, 57.4, 27.7 and 97.3% MB were
degraded by photocatalysis using ZnO,
bentonite
and
ZnO-bentonite
respectively (Figure 6). However, blank
study shows the stability of the dye in
presence of light only.
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Figure 4. Effect of contact time and initial concentration of MB on percent removal; pH 8,
Photocatalyst dose 1g/L
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Figure 5. Amount of dye adsorbed qt (mg/g) with time for different initial dye concentration;
pH 8, photocatalyst dose 1 g/L
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Figure 6. Photocatalytic performance of ZnO, bentonite and ZnO-bentonite (1g/L) for
degradation of MB (20mg/L)

Recycle study
Stability of the nanocomposite was
confirmed by recycle study. The
powdered nanocomposite was allowed
to settle after the photocatalytic
degradation. The nanocomposite was
then collected and reused for 2 times
under
same
photodegradation

conditions. Figure 7 shows removal of
MB by ZnO-bentonite. After the 1st run
MB degraded upto 97.3%. After the 2nd
and 3rd run, removal of MB decreases
down to 93.2 and 90.5%. Loss of the
recycled catalyst during sampling is
responsible for decrease in the removal
of MB.
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Figure 7. Recycle study of ZnO-bentonite (1g/L) for degradation of MB (20mg/L)

From Table 1 it was concluded that
MB removal by ZnO-bentonite was an
efficient method in comparison to
various
removal
efficiencies,

operational times and initial dye
concentrations of similar studies in the
literature.

Table 1. MB removal efficiencies (%) of various methods
Nanomaterial

Removal efficiency (%)

Operation time (min)

Sources

ZnS:CdS

73

360

[22]

Fe doped TiO2

94

120

[23]

TiO2/activated carbon

98

90

[24]

ZnO-bentonite

97.3

80

This study

Effect of photocatalyst dose
Capacity of photocatalyst to remove
dye depends on photocatalyst dose. The
effect of photocatalyst dose on dye
removal was studied under constant
experimental conditions. The removal
percentage of MB by ZnO-bentonite at
different photocatalyst doses 0.2 to 2
g/L for 20 to 60 mg/L dye
concentration was studied. Figure 8
shows the effect of photocatalyst dose
on amount of adsorbed dye. The
amount of adsorbed dye (qt) increases

from 20 to 60 mg/L for 0.2 g/L
photocatalyst dose. Figure 8 shows that,
as adsorbent mass increases, there is
considerable increase in amount of
adsorbed dye but amount of adsorbed
per unit mass of adsorbent decreases.
As photocatalyst dose increases from
0.2 to 2 g/L, the amount of adsorbed
dye (qt) decreases from 252.7 to 29.66
mg/g, while percentage removal
increases from 83.9 to 98.5%.
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Figure 8. Amount of dye adsorbed qt (mg/g) with photocatalyst dose (g/L) for different initial
concentrations, contact time 80 min, pH 8

Adsorption kinetics
Mechanism
and
efficiency
of
adsorption is given by adsorption
kinetics. Adsorption kinetics of MB on
ZnO-bentonite was studied with the
help of pseudo-first-order and pseudosecond-order.
The pseudo-first-order model
A linear form of pseudo-first-order
kinetics described by Lagergren [8,25]
was given by Eq. 3:
𝑲 𝒕
𝐥𝐨𝐠(𝒒𝒆 − 𝒒𝒕 ) = 𝐥𝐨𝐠𝐪𝒆 − 𝟏
(3)
𝟐.𝟑𝟎𝟑
where qe and qt are the amount of dye
adsorbed (mg/g) on ZnO-bentonite at

equilibrium and at time t respectively;
K1 is the first order adsorption rate
constant (min-1) given by plot of log(qeqt) vs t. Validity of Lagergren equation
was given by linearity of the plot. The
calculated
K1
and
co-relation
coefficient r2 values are shown in Table
2. The smaller r2 values (r2 < 0.947)
and calculated qe values from pseudofirst-order kinetics compared to
experimental qe values indicates
inapplicability of pseudo-first-order
kinetics to predict adsorption kinetics
of MB on ZnO-bentonite.

Table 2. Comparison of adsorption rate constants, calculated and experimental qe values for
different initial dye concentrations and photocatalyst dose for different kinetic models

Adsorben
t g/L
1

2

Adsorben
t g/L

Dye
concentration
mg/L
20
40
60
20
40
60
Dye
concentration
mg/L

Pseudo first-order
min-1

qe(exp) (mg/g)
K1
19.46
0.0276
38.78
0.0253
57.43
0.0276
9.73
0.0760
19.73
0.0691
28.99
0.0322
Pseudo second-order
K2x10-3g/mg min
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qe(cal) (mg/g)

qe(cal)
(mg/g)
14.19
13.52
12.65
4.84
19.14
6.64

h

r2
0.908
0.858
0.875
0.925
0.947
0.861

r2
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20
40
60
20
40
60

1

2

1.906
3.114
3.325
0.046
9.766
6.966

The pseudo-second-order model
The amount of solute adsorbed on
adsorbent surface and the amount
adsorbed at equilibrium describes the
rate of pseudo-second-order reaction.
The
pseudo-second-order
model
[16,26] is expressed by Eq. 4:
𝒕
𝟏
𝒕
= 𝑲 𝒒𝟐 + 𝒒
and 𝒉 = 𝑲𝟐 𝒒𝟐𝒆 (4)
𝒒
𝒕

𝟐 𝒆

𝒆

23.80
41.66
62.50
10.00
20.83
31.25

1.079
5.405
12.987
4.651
4.237
6.803

where K2 is second-order adsorption
rate constant (g mg-1 min-1), h is the
initial rate (mg g-1 min), which are
given by slope and intercept of plot of
t/qt vs t (Figure 9). The linearity of the
plot with higher co-relation coefficient
r2 (0.968-0.999) indicates good
agreement of calculated qe values with
experimental qe values (Table 2). This
shows that adsorption kinetics follows
pseudo-second-order kinetics.

12
10
8

20 mg/L
40 mg/L

t/qt 6

60 mg/L

4
2
0
0

20

40

60

80

100

120

Contact Time (min)

Figure 9. Second order kinetics plots for the removal of MB at different initial dye
concentrations; photocatalyst dose 2 g/L, pH 8

Adsorption isotherms
Freundlich isotherm model
Freundlich Isotherm describes nonideal, reversible, multilayer adsorption.
Linear form of Freundlich Isotherm
[27] is given by Eq. 5:
𝟏
𝒍𝒐𝒈𝒒𝒆 = 𝒍𝒐𝒈𝑲𝑭 + 𝒍𝒐𝒈𝑪𝒆
(5)
𝒏
where qe is amount of adsorbed dye per
unit mass of adsorbent (mg/g); KF is

Freundlich isotherm constant (mg/g)
(L/g)n; 1/n is a measure of adsorption
density; Ce is equilibrium concentration
of dye. Figure 10 shows the linear
nature of plot of log qe vs log Ce which
indicates the adsorption isotherm
following
Freundlich
isotherm.
Freundlich isotherm is widely applied
to heterogeneous systems. If the slope
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(1/n) = 1, adsorption is linear; if 1/n <
1, chemisorption and adsorption is
favourable; if 1/n > 1, co-operative
adsorption [28].
The 1/n values
between 0.332 to 0.49 for 20 to 60

mg/L dye concentration indicates that
adsorption is favorable, and it is a
chemisorption process. The slope (1/n)
and KF values are presented in Table 3.

2
1.8
1.6
1.4
1.2
log qe

1
0.8
60 mg/L

0.6
0.4
0.2
0
0

0.2

0.4

0.6

0.8

1

log Ce

Figure 10. Freundlich plot for adsorption of MB by ZnO-bentonite

Table 3. Freundlich and Langmuir isotherm constants for adsorption of MB on ZnObentonite for different dye concentration and photocatalyst dose of 0.2 to 2 g/L at pH 8,
contact time 80 min

Dye
concentration
mg/L
20
40
60

Freundlich coefficient
KF (L/g)
11.88
23.17
32.51

n
2.1277
2.0408
3.0120

Langmuir coefficient

1/n
0.47
0.49
0.33

r2
0.932
0.867
0.943

a (mg/g)
27.77
50.00
62.50

b (g/L)
0.9730
1.1765
1.1429

RL
0.0489
0.0208
0.0144

Langmuir isotherm model
Langmuir
model
assumes
homogeneous monolayer adsorption.
Langmuir isotherm related to rapid
decrease of the intermolecular attractive
forces to the rise of the distance. The
linear form of Langmuir isotherm [27]
is given by Eq. 6:
𝑪𝒆
𝟏
𝑪
= 𝒂𝒃 + 𝒂𝒆
(6)
𝒒

following
Langmuir
isotherm.
Langmuir isotherm suggests the
monolayer coverage of MB on ZnObentonite. The calculated a and b values
are presented in Table 3. Weber and
Chakkravorti express the Langmuir
isotherm by dimensionless factor RL,
which is given by Eq. 7:
𝟏
𝑹𝑳 = 𝟏+𝒃𝑪
(7)

where a is monolayer coverage capacity
(mg/g) and b is Langmuir isotherm
constant (L/mg). Figure 11 shows linear
nature which indicates, adsorption

The nature of adsorption is given
by RL i.e. separation factor. When RL =
0, adsorption is irreversible; 1 > RL > 0,
adsorption is favourable; RL = 1,

𝒆

𝒊

Page | 426

r2
0.969
0.980
0.991

Kinetics of photocatalytic degradation of Methylene Blue by ZnO-bentonite …

adsorption is linear and RL > 1,
adsorption is unfavourable. The present
study reports lower RL values (1 > RL >
0) indicates adsorption is favourable.

The higher co-relation coefficient
r values indicate that adsorption of MB
on ZnO-bentonite nanocomposite found
to follow Langmuir isotherm.
2

0.12
0.1
0.08
Ce/q 0.06
60 mg/L

0.04
0.02
0
0

1

2

3

4

5

6

Ce

Figure 11. Langmuir plot for adsorption of MB by ZnO-bentonite

Conclusion
The experimental results show that
removal of MB from aqueous solution
by ZnO-bentonite was found to be a
promising method. The amount of
adsorbed dye (qt) was affected by
contact time, pH, initial dye
concentration and photocatalyst dose.
The removal was favoured at pH 8. The
equilibrium time was found to be
80min. The amount of adsorbed dye
increases with increase in contact time,
initial dye concentration and decreases
with increase in photocatalyst dose. qt
value decreases from 252.7 to 29.66
mg/g as photocatalyst dose increases
from 0.2 to 2 g/L. The adsorption
kinetics found to follow pseudosecond-order kinetics. Due to the higher
co-relation coefficient r2 values
Langmuir isotherm fits well with
experimental data than Freundlich
isotherm. The dimensionless factor (RL)
indicates that ZnO-bentonite can be
effectively used for removal of MB
from aqueous solution. Recycle study

indicates the stability of the ZnObentonite nanocomposite.
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