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ABSTRACT

In this work, marine sediment (natural clay) was used as adsorbent for the treatment of textile
effluent collected from a textile industry located in Tamil Nadu, India. Experiments were carried
out using batch adsorption techniques to study the effect of process variables such as contact time,
pH, agitation speed, adsorbent size, and temperature on the removal of organic compounds from
textile effluent. The applicability of the various kinetic models and adsorption isotherms was tested.
The kinetics of adsorption of effluent was found to be good fit with the pseudo-second-order equa-
tion based on the adsorption capacity on the solid phase. The equilibrium data have been analyzed
using Freundlich and Langmuir isotherms. It was found that the adsorption data fits better into the
Langmuir model. From the experimental results, it is concluded that the marine sediment (natural
clay) used in this study was found to be a good adsorbent in the textile effluent treatment.
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1. Introduction

The textile industries generate huge amounts of colored
wastewaters, which determined the expansion of water pol-
lution and of environment, respectively. Approximately
100-3,000 m?/d of water is required for the dyeing process
in the textile industries, leading to the generation of a large
quantity of wastewater. The resulted wastewater is character-
ized by high content of dyestuff, salts, a high-chemical oxy-
gen demand derived from additives, a high suspended-solid
content and a fluctuating pH, depending on the process
used [1]. These effluents often cause serious environmental
problem due to a deep color present in them. The discharge
water requires pretreatment for color elimination prior to its
disposal into the river. In recent years, increasing awareness
of water pollution and its far-reaching effects has prompted
concerted efforts toward pollution abatement [2]. Excessive
concentration of dyes in environment negatively affects
many living species. Excessive ingestion of dyes by humans
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can cause accumulative poisoning, cancer, nervous system
damage, etc. [3]. The treatments of textile effluent create sev-
eral problems as they have complex structures [4]. Organic
compounds from wastewater have chemicals, biological
resistance and therefore it is very difficult to treat the textiles
effluents by conventional methods [5-7].

It has been reported in the literature that various methods
for the treatment of effluent from textile industries include
adsorption, flotation, ion exchange, coagulation, biosorption,
filtration, and precipitation are the conventional methods
and the advantages and disadvantages of each method have
extensively reviewed [8]. Adsorption methods in solution sys-
tems play a vital role in many areas of practical environmen-
tal technology, mainly in wastewater treatment, because of
several advantages such as high efficiency, flexibility, simple
operation, and does not form harmful products [9]. Activated
carbon has been successfully used in treating textile waste-
water, being the most widely used adsorbent due its high
capacity for the adsorption of organic material [6]. Treatment
of textile effluent using an adsorption process by various
adsorbents has become one of the major treatments for such
wastewater because this process is simple, inexpensive, and
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easy to design [10]. Different authors have used several low-
cost natural adsorbents for the treatment of different adsor-
bates such as natural clay for Nickel and Lead metals [11,12],
activated clay for dyes [13], saw dust walnut, wood sawdust
for dyestuffs [14], and Fuller’s earth for dyestuffs [15] and the
adsorption capacities for these adsorbents were found to be
12.5, 585, 36.98, 31.98, 27.8, and 26.2 mg/g, respectively.

The conventional process used to treat textile industry
wastewater is based upon chemical precipitation, but the
drawbacks of such methods are production of huge volumes
of environmentally toxic sludge thereby increasing disposal
problems, contamination in the treated wastewater, etc.
Unfortunately, conventional treatment techniques are not
always effective toward textile effluents, one of the most dif-
ficult-to-treat wastewaters on account of their considerable
amount of suspended solids, high chemical demand and
the massive presence of weakly biodegradable and often
toxic substances. Therefore an efficient, an eco-friendly and
cost-effective remedies for wastewater treatment are needed
[10,16,17]. Hence to overcome these drawbacks, a search for
cheap, effective adsorbent such as marine sediment (natural
clay) is used in this study. The marine sediment (natural clay)
has received particular attention as an economical adsorbent
for removing organic compounds from textile effluent due
to its ease of availability [16,18]. In this work, an attempt has
been made to use natural clay to study the removal of organic
compounds from textile effluent collected from a textile
industry located in Perundurai, Tamil Nadu, India.

2. Materials and methods

Samples of textile effluent collected from a textile indus-
try were analyzed and characterized for the same conditions
and it has been found that the average value for the param-
eters has been reported in Table 1 and error was found to
be less than +3%. Table 2 represents the composition of the
adsorbent marine sediment (natural clay) used in the study.

2.1. Adsorbent preparation

The marine sediment (natural clay) was found in the
river coasts of Kerala state, India. It was collected, purified,
and sieved according to the required sizes using standard
sieves. All the experiments were carried out in a 250 mL
glass beaker. 100 g of adsorbent was dissolved in 1,000 mL
of distilled water and stirred for 5 h. After stirring, the solu-
tion was allowed to settle and then it was filtered by using
Whatman filter paper. After filtration, the adsorbent was
dried in a hot air oven and then the purified adsorbent was
crushed. Different sizes of adsorbent were separated using
sieve shaker and activated by using 17% solution of sulfuric
acid. Treatment of clay minerals with concentrated inorganic
acids usually at high temperature is normally referred to as
acid activation. Acid treatment often replaces exchangeable
cations with hydrogen ions and releases aluminum and other
cations from both tetrahedral and octahedral sites, but leaves
the silicon groups largely intact [17]. The various equip-
ment such as pH meter (Elico Pvt. Ltd, Hyderabad), TDS
meter (Elico Pvt. Ltd, Hyderabad), and spectrophotometer
(Systronics India Ltd, Chennai) were used to determine the
various parameters during the experimental study. All the

Table 1
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Characteristics of the textile effluent used in the present study

Parameters Values®
pH 9.27
Total dissolved solids (ppm) 5,910
Turbidity (ppm) 97.4
Total suspended solids (ppm) 184.09
True color 653 Hazen
Appearance color 1,915.5 Hazen
Chemical oxygen demand (ppm) 942
Biological oxygen demand (ppm) 351
Total alkalinity (ppm) 1,600
Total hardness (ppm) 520
Calcium hardness (ppm) 320
Magnesium hardness (ppm) 200
Chloride (ppm) 2,807
Nitrogen (ppm) 14.19
Ammoniacal nitrogen (ppm) 5.8
Total phosphate (ppm) 5.71
Oil and grease (ppm) 13.19
Total iron (ppm) 1.26
Reactive silica (ppm) 33.15
Fluoride (ppm) 3.97
Sulfate (ppm) 598
Surfactants (ppm) 1.28

°Note: Average values and the error margin was less than +3%.

Table 2

The composition of the adsorbent marine sediment (natural clay)

Characteristics Values
Color Black
Appearance of desiccant Solid granular
Particle size of desiccant (mm) 0.08-1.6
pH 9.05
Density (kg/m?®) 913
Silicon dioxide (%) 62.80
Aluminum oxide (%) 17.80
Calcium oxide (%) 3.40
Sodium oxide (%) 0.3
Potassium oxide (%) 0.2
Titanium dioxide (%) 1
Magnesium oxide (%) 53
Calcium carbonate (%) 0.5

Iron oxide (Fe,0,) (%) 7.70
Others (%) 0.9

chemicals used in the study were AR grade and procured

from Loba Chemie (P) Ltd, India.

2.2. Adsorption process and experimental conditions

In the work, all the adsorption experiments were car-
ried out by batch adsorption method. Adsorption study
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was performed by agitating a dried sample of natural clay
composite with the known size being added to each 1,000 mL
of effluent solution having an initial amount of organic com-
pounds 942 mg/L. Various experiments have been conducted
to study the effect of various parameters in different ranges
such as pH (2-12), adsorbent dosage (1025 g/L), size of
adsorbent (0.08-1.6 mm), agitator speed (0-1,900 rpm), and
temperature (30°C, 40°C, 50°C, and 60°C) on the removal of
organic compounds present in the textile effluent. Samples
were taken at regular time intervals and amount of organic
compounds present in effluent was measured using standard
methods [18]. The pH of effluent was adjusted using 0.01 N
sodium hydroxide and/or 0.01 N hydrochloric acid solutions.
The amount of adsorption at time (t), g, (mg/g) was calculated
by the following equation:

C,-C v
,_(G-c) o
m

where C; (mg/L) is the initial amount of organic compounds
present in the effluent, C, (mg/L) is the amount of organic com-
pounds present in the effluent at any time, v is the volume of
the effluent (L), and m (g) is the mass of dry adsorbent used.
Similarly, the adsorption capacity at equilibrium g, (mg/g)
can be calculated by using equilibrium value of amount of
organic compounds present in the sample C, (mg/L).

The removal percentage of organic compounds pres-
ent in the effluent (R) can be calculated using the following
formula,

Cc,-C
R(%), :%XIOO @)

Due to the inherent bias resulting from linearization of
the isotherm model and kinetic model, the nonlinear regres-
sion root mean square error (RMSE) test was employed as
criterion for the quality of fitting [19]. The RMSE of a model
is evaluated by using the following formula,

RMSE - J[;] ~23(4, -4, )2] ©

where g, (mg/g) is the experimental value of adsorption
capacity, g, is the calculated value of adsorption capacity
using the model (mg/g), and N is the number of observations
in the experiment. The smaller RMSE value indicates the
better curve fitting [20].

3. Results and discussion
3.1. Effect of pH on removal of organic compounds

The pH of aqueous solution is one of the most import-
ant factors controlling the adsorption process and pH is a
function of hydrogen and hydroxyl ions concentration [21].
In this work, an attempt has been made to study the effect
of pH on adsorption process was studied in the range of
2-12. From the experimental results it was observed that
the increase of pH values enhances the removal percentage
of organic compounds present in the effluent as shown in
Fig. 1. This may be due to the fact that the number of negative
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Fig. 1. Effect of pH on removal of organic compounds in the
effluent.

charges on the adsorbent surface increases the attraction of
positively charged dye molecule and thereby increasing
the rate of adsorption [22,23]. The change of pH affects the
adsorptive process through dissociation of functional groups
on the adsorbent surface active sites. This subsequently leads
to a shift in reaction kinetics and equilibrium characteristics
of adsorption process. All amino groups of the natural clay
are anionized and the dye effluent anion is pulled in strongly
by electrostatic attraction. From the experimental results, the
optimum pH was found to be 9.05.

3.2. Effect of contact time and adsorbent dosage on removal of
organic compounds

From the experimental results, it was observed that
when the time of contact between adsorbent and efflu-
ent was increased, then the percentage removal of organic
compounds present in the effluent was increased rapidly
during the initial stages until the equilibrium was reached,
as shown in Fig. 2. A similar trend was observed in litera-
ture also [4]. The rapid adsorption at the initial contact time
can be attributed to the availability of the positively charged
surface of the adsorbent. The experimental results reveal that
there was no change in percentage removal of organic com-
pounds after 7 h, therefore the optimum contact time for the
adsorption was found to be 7 h. In order to study the effect of
adsorbent dosage on the percentage removal of organic com-
pounds, the adsorbent dose has been varied from 10 to 25 g/L.
It was also observed from Fig. 2 that percentage removal of
organic compounds increases with increasing adsorbent
amount for a given contact time. This may be due to the fact
that the increase in adsorbent dosage may enhance the sur-
face area and availability of more adsorption sites. From the
experimental results, the optimum amount of adsorbent was
found to be 25 g/L which was used for the further studies.
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Fig. 2. Effect of adsorbent dosage and contact time on removal of
organic compounds.

3.3. Effect of agitation speed on organic compounds remouval

Agitation is an important parameter in adsorption pro-
cesses, which is used to increase the distribution of the sol-
ute in the bulk solution and the formation of the external
boundary layer [24,25]. The experiments were performed
to investigate the effect of agitation speed on percentage
removal of organic compounds in the effluent at various
stirring rate (0-1,900 rpm). The experiments were carried
out for a constant adsorption time and with the effluent pH
0f 9.05 in the batch reactor. From the results, it was observed
that removal percentage of organic compounds increased
with the increase in agitator speed as shown in Fig. 3 and
found that the optimum agitation speed was 1,650 rpm.

3.4. Effect of temperature on removal of organic compounds

Temperature of the adsorption process is another import-
ant factor that can influence the efficiency of adsorption pro-
cess. The influence of temperature on removal of organic
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Fig. 3. Effect of agitation speed on removal of organic compounds.

compounds in the effluent was studied at different tempera-
tures such as 30°C, 40°C, 50°C, and 60°C. The experimental
results of variation of percentage removal of organic com-
pounds at different temperatures are shown in Fig. 4. The
removal of organic compounds present in the effluent at high
temperature was found to be slightly greater compared with
that of at a lower temperature. This may be due to the fact that
increase of temperature enhances the interaction between
adsorbate and adsorbent, and creation of active centers at
high temperatures. This phenomenon revealed that increase
of solution temperature increases the molecules mobility
and number of molecules that acquires sufficient energy to
undergo an interaction with surface of the adsorbent from
the marine sediment [25,26]. The same trend was reported in
the literature [21,27].

3.5. Effect of particle size on removal of organic compounds

Fig. 5 is a typical result of the variation of percentage
removal of organic compounds with time for different parti-
cle sizes 0.08-1.6 mm. From this plot, it was observed that as
the particle size decreases, the removal percentage of organic
compounds in the effluent was increased. This may be due
to the fact that when the particle size decreased, surface area
increased and also may be due to the inability of the large
dye molecule to penetrate all the internal pore structure of
the marine sediment and similar observance was reported in
literature for the adsorption of certain dyes on peat and wood
particles [14,28].

4. Kinetics of adsorption

Most minerals like clays are rich in hydroxyl- and oxy-
moieties on their external surfaces. As a result, water mol-
ecules easily form hydrogen bonds with these mineral
groups. For hydrophobic compounds to adsorb directly onto
oxyhydroxide mineral surfaces, they have to replace water
molecules, which is energetically unfavorable. Hence it is
observed that organic matter is the dominant adsorbent for
hydrophobic compounds in sediments [29-32]. From the
literature [10], it is observed that the adsorption capacity
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Fig. 4. Effect of temperature on removal of organic compounds.
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Fig. 5. Effect of particle size on removal of organic compounds.

of clays generally result from a net negative charge on the
structure of minerals. This negative charge gives clay the
capability to adsorb positively charged species. It was also
observed that the adsorption capabilities of natural clay are
suggested to be due to a net negative charge on the structure
of fine grain silicate minerals. This negative charge is neu-
tralized by the adsorption of positively charged cations, such
as heavy metals, dyes, and organic matters [14]. To investi-
gate the mechanism of adsorption process including chemi-
cal reaction and mass transfer, an appropriate kinetic model
is needed to evaluate the rate data. Pore diffusion model,

K. Senthilkumar et al. / Desalination and Water Treatment 123 (2018) 90-100

have been used in the literature to explain the kinetics of
adsorption process [4,33-36]. Table 3 represents the consoli-
dated values of various parameters of the different models at
various temperatures.

4.1. Pseudo-first-order equation

The adsorption kinetics may be described by a pseudo-
first-order equation [20]. The linear pseudo-first-order equa-
tion is as follows:

k.t

1

2.303]

log(q, —q,)=1ogq, —[ 4)
where g, and g, are adsorption capacity (mg/g) at equilibrium
and at time ¢, respectively, and k, is the equilibrium rate con-
stant of pseudo-first-order adsorption (min™). The slopes
and intercepts of plots of log (g, — g,) versus ¢ were used to
determine the first-order rate constant k, and the adsorption
capacity (mg/g) at equilibrium g, However, the experimental
data deviated considerably from the theoretical data, as
shown in Fig. 6. The RMSE for the first-order kinetic model
obtained for all the studies was high. Also the theoretical g,
values found from the first-order kinetic model did not give
reasonable values. This indicates that the kinetics of adsorp-
tion of organic compounds present in the effluent is not a
first-order reaction.

4.2. Pseudo-second-order equation

The adsorption kinetics may also be described by a pseu-
do-second-order equation [20]. The linear pseudo-second-
order equation is given as follows:

homogeneous surface diffusion model, and heterogeneous  f _ 1 + b (5)
diffusion model (also known as pore and diffusion model) g, kg’ 4,
Table 3
Details of calculated constants and parameters for various models
Models Parameters At 30°C At 40°C At 50°C At 60°C
Pseudo first order R? 0.8948 0.9060 0.9177 0.918
k, (g/mg min) 0.02 0.027 0.036 0.045
g, (mg/g) 15.6 12.85 9.73 7.05
RMSE 9.2 8.57 6.12 5.18
Pseudo second order R? 0.9298 0.9708 0.9601 0.9514
k, (g/mg min) 6.7 x10° 4.82 x 10 4.29 x 107 3.9x10°
g, (mg/g) 11.78 11.15 12,5 9.76
RMSE 3.44 3.16 2.98 1.18
Fractional power R? 0.8621 0.8818 0.88 0.85
k 1.03 x 107 1.2x103 1.08 x 107 1.23 x 107
v 0.2 0.27 0.3 0.17
RMSE 3.76 4.59 5.98 4.6
Elovich R? 0.781 0.8226 0.8315 0.8345
a 29 x10° 5.4 x 107 5.8 x 10 3.9x10°
B 5714 250 222 438
RMSE 6.89 3.45 5.95 712
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Fig. 6. Determination of constants in pseudo-first-order equation.

where k, is the equilibrium rate constant of pseudo-second-
order adsorption (g/mg min). The slopes and intercepts
of plots t/q, versus t were used to calculate the second-
order rate constants k, and q,. The straight lines in plot of ¢/g,
versus t show good agreement of experimental data with the
second-order kinetic model for all the experimental studies.
The correlation coefficients (R?) for the second-order kinetic
model obtained were found to be greater than 0.9298 for all
readings. The calculated g, values also agree very well with
the experimental data, as shown in Fig. 7. These results indi-
cate that the kinetics of adsorption of effluent was found to be
good fit for the second-order kinetic model.

4.3. Fractional power model

The adsorption kinetics can also be described by power
function equation [19]. The linear power function equation
is given as:

Ing, =Ink+vint 6)

The plot In g, and In ¢ should give linear relationship from
which v and k can be determined from the slope and intercept
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Fig. 7. Determination of constants in pseudo-second-order equation.

of the plot, respectively, as shown in Fig. 8. The experimental
results revealed that the rate constant of power function v
has been calculated as greater than 0.17 and indicated that
this model described the time-dependent [4]. Power model
describes rates of adsorption (as in the common Freundlich
model) and chemical reaction (for estimation of reaction
orders). However, the regression coefficient R? is not very
high (0.85-0.88) which pointed out that power function is not
the best model to correlate kinetic data.

4.4. The Elovich equation

The linear Elovich equation is given as follows [37,38].
q —lln(as)+11nt (7)
"B p

where a is the initial adsorption rate (mg/g min) and the
parameter {3 is related to the extent of surface coverage and
activation energy for chemical adsorption (g/mg). Here,
a linear relationship has been obtained between amount
adsorbed (g,) and In ¢ over the whole adsorption period, with
residual RMSE between 0.78 and 0.83 for all the experiments.
In case of using the Elovich equation, the RMSE are lower
than those of the pseudo-second-order equation and others,
hence it may not be used to explain the kinetics of adsorption
of textile effluent, as shown in Fig. 9.

When the evaluated parameters for various models
were compared (Table 3), it was observed that the pseu-
do-second-order equation proved the best correlation for all
of the adsorption experiments, whereas the pseudo-first-or-
der, fractional power model, and Elovich equation does
not give a best fit to correlate kinetic data, as shown in
Fig. 10. The adsorbent-adsorbate systems studied here has
been found to be a best fit into second-order kinetic model,
based on the assumption that the rate-limiting step may
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Fig. 8. Determination of constants using fractional power model.
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be chemical sorption or chemisorption involving valency
forces through exchange of electrons between adsorbent
and adsorbate [4].

5. Adsorption isotherms

The analysis and design of the adsorption process require
equilibrium data for better understanding of the process.
Sorption equilibria provide fundamental physicochemical
data for evaluating the applicability of the sorption process as
a unit operation [4]. In the investigation, the equilibrium data
were analyzed at different temperatures using Freundlich
and Langmuir isotherms [38-40].

5.1. Freundlich isotherms

_ 1/n
qe - KfCe’

®)

BRI

-
>

o ke mn

=
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where K, and n are the Freundlich constants characteris-
tic of the system. Eq. (8) can be linearized in a logarithmic
form and the Freundlich constants were determined and
tabulated in Table 4. In Freundlich isotherm K and 1/n are
Freundlich constants. The Freundlich isotherm plots are
found to be linear. The K, parameter is a measure of adsorp-
tion capacity that was tfound to increase with increase of
temperature (Table 4). The values of 1/n (adsorption inten-
sity) are found to be less than 1 that indicates a favorable
adsorption [38].

5.2. Langmuir isotherms

C

e

C

e

1

9 bl G

©)

where g, is the adsorption capacity (mg/g) at equilibrium,
C, is the amount of organic compounds at equilibrium, gq,__
represents the maximum adsorption capacity (mg/g), and
b (L/mg) is Langmuir adsorption isotherm constant. The
Langmuir isotherm was found to be the best fitting iso-
therm compared with the other isotherms. The statistical
significance of the correlation coefficient (R* and RMSE
were the criteria by which the fitting of the data to the vari-
ous isotherms was tested and tabulated in Table 4. The val-
ues of g and “b” increased with temperature, suggesting
that adsorption capacity and intensity of adsorption are
increased at the high temperatures. From the literature it
was observed that some low-cost natural adsorbents such
as natural clay [11], saw dust walnut, saw dust cherry, saw-
dust pitch pine [13], Fuller’s earth [14], activated bamboo
charcoal [39], coir pith carbon [40], and palm pith carbon
[41] were used for the treatment of textile effluent and
the maximum adsorption capacities for these adsorbents
were found as 12.5, 36.98, 31.98, 27.8, 26.2, 45.25, 19.12, and
19.16 mg/g, respectively, whereas maximum adsorption
capacity for marine sediment used in the study has been
found to be 79.36 mg/g. Besides, from the literature, it is
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Fig. 10. Comparison of various kinetic models.
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Table 4
Details of calculated isotherm parameters and corresponding RMSE values
Parameters Models
Langmuir Freundlich
30°C 40°C 50°C 60°C 30°C 40°C 50°C 60°C
RMSE 4.142 4.146 4.144 4.145 6.160 6.168 6.240 6.210
R? 0.992 0.990 0.991 0.989 0.9825 0.9818 0.9820 0.9819
4, (Mg/g) 79.328 79.342 79.359 79.364 - - - -
b (L/mg) 0.032 0.047 0.052 0.069 - - - -
K, (mg/g) - - - - 40.4 41.8 42.5 441
1/n - - - - 0.10 0.17 0.21 0.25
Equilibrium parameter R, 0.032 0.022 0.02 0.015 - - - -

noted that the percentage adsorption has been reported by
using various low-cost adsorbents such as activated clay
[42] for the removal of cationic dyestuffs (61%-90%), wol-
lastonite and kaolinite [42] for treatment of carpet effluents
(73% and 84.23%), sunflower stalk [43] for treating dye
effluent (67.50%), and sugarcane dust [44] for textile waste-
water treatment (80%).

The essential features of a Langmuir isotherm can be
expressed in terms of a dimensionless constant, separation
factor or equilibrium parameter, R, which is defined [45]
as follows:

1
R, = m (10)

where b is the Langmuir constant and C is the initial amount
of organic compounds present in the effluent. The values of
R, indicate the type of isotherm to be irreversible (R, = 0),
favorable (0 < R, < 1), linear (R, = 1), or unfavorable (R, > 1).
The dimensionless separation factors calculated for natural
clay (marine sediment) is between 0.015 and 0.032. The R,
values are found to be less than 1 and greater than 0, indicat-
ing favorable adsorption.

6. Characterization of adsorbent

The surface morphology of the clay was observed under
scanning electron microscope (SEM) analysis (Fig. 11). The
SEM image of magnifications 500x (a) and 5,000 (b) confirms
that clumpy crystal and some flake-like structures on the
surface with cavities with consistent distribution of micro-
pores were observed. X-ray diffraction (XRD) is the basic
technique to determine the crystalline structure, composi-
tion, and physical properties of materials. The XRD spectrum
(Figs. 12(a) and (b)) shown that the majority of mineral clay
is composed of kaolinite which is ALSi,O,(OH), and reported
as the crystal phase with more than 80.6% of the total weight.
Similarly free sand SiO, crystalline content is also present.
The peaks shown that small amount of illite ((Al,Mg,Fe),
(51,A1),0,,[(OH),,(H,0)] is present in the mineral clay. The
structural analysis of clay was further studied using FTIR.
The spectra in Figs. 13(a) and (b) represent the degree of
crystallinity and regularity of the structure of the clay miner-
als. IR spectra show the prominent peak of kaolinite: 3,600—
3,720 ecm™(-OH stretching), 1,050-1,100 cm™ (-Si—O stretch-
ing), 950 cm™ (-OH bending), 400-650 cm™(-Si—O bending)
vibrations, and 490 cm™ shows the halide deposits on the

Fig. 11. Scanning electron microscope images: (a) natural clay 500x and (b) natural clay 5,000x.
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Fig. 12. XRD spectra of marine sediment: (a) raw mineral clay and (b) acid activated mineral clay.
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Fig. 13. FTIR spectra: (a) natural clay and (b) acid treated clay.

clay. Similarly, amine and amino groups are confirmed by
the 3,300 cm™(N-H stretch) and 1,550-1,620 cm™ (N-H bend).

7. Conclusion

Adsorption experiments were carried out using marine
sediment (natural clay) as an adsorbent for the treatment of
textile effluent. The influence of various important variables

% Transmittance

T L T T T Y T T
] vE
el -
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such as pH, particle size, contact time, and temperature on
adsorption process was studied. The experimental results
show that percentage reduction of organic compounds pres-
ent in the textile effluent increased with increase in contact
time and it was found that the optimum contact time for the
adsorption experiment was 7 h. The percentage reduction
of organic compounds increases with increasing adsorbent
amount for a given contact time and the optimum amount
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of adsorbent was found to be 25 g/L. From the studies of
effect of agitator speed on organic compounds removal, it
was observed that organic compounds removal percentage
increased with increase in agitator speed and found that opti-
mum agitation speed was 1,650 rpm. The percentage removal
capacity of organic compounds was studied with the increase
of pH in the range of 2-12. From these results, it was observed
that optimum pH was found to be 9.05. The removal of organic
compounds from the effluent at high temperature (60°C) was
found to be slightly greater compared with that of at a lower
temperature (30°C). Based on the experimental results, it can
be concluded that marine sediment (natural clay) was found
to be a very good adsorbent for treating the textile industry
effluent. The kinetics of adsorption of dyes present in the
effluent was studied by using pseudo-first-order and sec-
ond-order equations, fractional power model, and Elovich
equation. From the experimental results it was observed
that the kinetics of adsorption of effluent was found to be
good fit with the pseudo-second-order equation based on
the adsorption capacity on the solid phase. The equilibrium
data have been analyzed using Freundlich and Langmuir iso-
therms. It was observed that the adsorption data fitted better
to Langmuir model than Freundlich isotherm model.

Symbols

B — Langmuir adsorption isotherm constant

G, — Initial amount of organic compounds
present in the effluent, mg/L

C, — Amount of organic compounds present in
the sample at any time, mg/L

q, — Adsorption capacity at time ¢, mg/g

q, — Adsorption capacity at equilibrium, mg/g

v — Volume of the effluent, L

m — Mass of dry adsorbent used, g

C, — Amount of organic compounds present in
the sample at equilibrium, mg/L

R — Removal percentage of organic compounds
present in the effluent, %

q, — Experimental value of adsorption capacity,
mg/g

q, — Calculated value of adsorption capacity
using the model, mg/g

/. — Maximum adsorption capacity, mg/g

N — Number of observations in the experiment

k, — Equilibrium rate constant of pseudo-
first-order adsorption, 1/min

R? — Regression coefficient

fot — Initial adsorption rate, mg/g min

B — Parameter is related to the extent of
surface coverage and activation energy for
chemical adsorption, g/mg

Kandn — Freundlich constants

R, — Separation factor or equilibrium parameter

v — Power function constant in linear power
function equation

Abbreviations

RMSE — Root mean square error

rpm — Revolution per minute
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