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Adsorptive removal of C. |. Acid Red 2 dye in the aqueous solution has been carried out on the various
surfaces. This study describes the comparative adsorption of dye using mustard cakes (MC),
sugarcane bagasse ash (SBA) and leaves of water hyacinth (WH) in different forms. The effects of initial
adsorbate concentration, contact time, adsorbent dosage, temperature and pH of the medium on the
adsorption of C. I. Acid Red 2 (C.I.LA.R-2) or Methyl Red (MR) were investigated. The biosorbents were
characterized by using modern technique (FTIR, SEM, and XRD). The maximum adsorption capacity of
MR occurred at pH 2 and 4 for different adsorbent materials. Adsorption of the dyes was found to
increase as the adsorbent dosage increases but decreases as initial concentration of the adsorbate
(dye) increases. This is due to the fact that the active site of the adsorbent can adsorb a certain
concentration of the dye. The C. I. Acid Red 2 adsorption kinetics was analyzed by using pseudo-first
order and pseudo-second order kinetic models. The results indicated that the adsorption of C. I. Acid
Red 2 (C-Colour, | -Index) onto various surfaces is best described using a pseudo-second order kinetic
model. The Langmuir, Freundlich and Temkin adsorption isotherms were also studied and the data are
well fitted with Freundlich isotherm. On the basis of the results it was demonstrated that mustard oil
cake, sugarcane bagasse ash and leaves of water hyacinth are promising adsorbent materials which
can be used to clean up textile dyes from wastewater.

Key words: C.LLA.R-2, sugarcane bagasse ash (SBA), mustard cakes (MC) and water hyacinth (WH),
adsorption.

INTRODUCTION

The toxicity produced from the industrial wastes creates a
major issue in environmental pollution and also in human
health and their daily life. Due to the release of industrial
wastes into the water bodies such as rivers and oceans
has raised numerous problems associated with the health
risk. Artificial dyes are widely used in industries for dyeing
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and printing (Sandeep, 2010). The removal of colour from
textile effluents has taken consideration over the last few
years, not only of its toxicity but also due to its visibility.
Traditional treatment facilities are often incapable to
remove certain forms of colour, arising from reactive dyes
as a result of their good solubility and low
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biodegradability; thus, methods for decolourizing textile
wastes are on the horizon (Vijayaraghavan et al., 2009).
Over 10, 000 dyes production over 7x10° metric tonnes
with an annual worldwide are available for industrial
purposes and 5-10% of the dyestuff is improper in the
industrial effluents. Therefore, there is a need to remove
the color of dyes before the effluent is discharged into
receiving water bodies. The most popular treatment
methods for textile wastewater are combinations of
biological treatment, chemical coagulation and activated
carbon adsorption. Even discharging fewer amounts of
dyes into water sources can affect the aquatic life and
food web. Dyes can also create allergic dermatitis and
skin problem. Some of the dyes have been reported to be
oncogenic and mutagenic for marine organisms (Lorenc-
Grabowska and Gryglewicz, 2007). The annual production
of textile dyes is estimated to be over 80 Giga tonnes of
which 10% are discharged as effluents (Zollinger, 1987).
Releasing these dyes in water stream is aesthetically
undesirable and has a serious environmental effect. Due
to the colour, these decrease the sunlight penetration into
the water. So, it affects aquatic plants (Jeremias et al.,
2006). These can be categorized as follows (Yuzhu and
Viraraghavan, 2002) anionic: direct, acid, and reactive
dyes; cationic: basic dyes; and non-ionic: disperse dyes.
Adsorption process has been proven as one of the best
water treatment technologies around the world. Activated
carbon is certainly considered as a universal adsorbent
for the removal of diverse types of contaminants from
water. However, given expansiveness and associated
problems of regeneration, there is a constant finding for
alternate inexpensive adsorbents. Several researchers
have shown several inexpensive materials like clay (Tsai
et al., 2005), narrow-leavedcattail (Inthorn et al., 2004),
fly ash (Janos et al., 2003), wood dust (Garg et al., 2004)
and alunite (Ozacar and Sengil, 2004), etc. The present
work is focused on removing C. I. Acid Red 2 dye from
their aqueous solution using adsorbents prepared from
sugarcane bagasse ash, mustard oil cake, and leaves of
water hyacinth.

Mustard cake (MC)

Mustard cake, about 60% of the seed, is generated as a
by-product during extraction of the oil. India holds the
third position in the world for the production of mustard
cake is about 5.7 Mt every year (FAO, 1994). The
composition of mustard cake varies with the variety,
growing conditions and processing methods. The crude
protein content varies from 33-40% of which 80-83% is
true protein with an appreciable proportion of albumin,
glutelin (Klockeman et al., 1997) and globulin. The
protein is rich in lysine and Sulphur-containing amino acid
which is limiting in cereal protein, making it excellent
complementary to cereals in completing biological value
of protein. Moreover, the composition of amino acids is

well balanced for application as a protein supplement for
human nutrition.

Sugarcane bagasse ash (SBA)

Recently, several low costs, easily available and effective
adsorbents were used for the removal of different dyes
from aqueous solution. Many studies have been focused
on the use of non-conventional low-cost adsorbents such
as sugarcane bagasse, coconut husk, groundnut shell,
banana pith, clay, rice husk (Prasetyko et al., 2006),
maize cob, coir pith, orange peel and wheat straw dust in
wastewater treatment. Instead of disposing of the
sugarcane bagasse as a waste material, it has been used
as an adsorbent for the removal of dyes from the
wastewater. It mainly consists of cellulose (45%),
hemicellulose (28%) and lignin (18%) and also it has
carboxylic and hydroxyl groups, which are responsible for
the uptake of dyes from wastewater (Ardejani et al.,
2007; Hameed, 2009; Umesh et al., 2008).

Water Hyacinth (WH)

Water hyacinth (Eichornia crassipes) is an aquatic plant
that lives and reproduces freely either on the surface of
fresh waters or is anchored in mud. It grows in mats up to
2 m thick, thus reducing light and oxygen, and may
change the aquatic chemistry, with significant negative
effects on fauna and flora, causing an increase in water
loss due to evaporate transpiration. It also causes
problems for marine transportation, fishing, and at intakes
for hydropower and irrigation schemes. This plant is now
considered a serious threat to biodiversity (Hill et al.,
1997), and, therefore, there is a strong desire to prevent
its spread or eradicate its prolific growth.

In this investigation, the biomass from water hyacinth,
an abundant, low-cost, and undesired plant material, was
used for the purification of agueous systems polluted with
C. I. Acid Red 2. Herein, we report the adsorptive
capacity of this biomass for dye elimination from aqueous
systems, elaborating optimal conditions for the batch
removal of C. I. Acid Red 2. Some surface properties of
the biomass will also be covered.

MATERIALS AND METHODS
Preparation of adsorbents

Preparation of RMC, RSBA and RWH

The mustard cake was collected from local oil mill, sugarcane
bagasse ash was collected from local sugar mill (The Kisan Sahkari
Chini Mills” Ltd., Mahmudabad, Sitapur, Uttar Pradesh, India)) and
water hyacinth was collected from Yamuna River at Dayalbagh,
Agra, India. The collected mustard cake, sugarcane bagasse ash



and water hyacinth were washed with distilled water for several
times to remove all the dirt particles. The washed materials are
dried in oven at 80-110°C for 24 h. The dried biomasses were
grounded to a fine powder by using mixer and sieved through 75
micron sieves. 25 g of sieved particles were repeatedly washed with
hot distilled water. The sample was dried and stored (R-Raw, A-
Activated and M- Modified).

Preparation of AMC, ASBA and AWH

The raw materials RMC, RSBA and RWH were dried overnight in
an air oven. To prepare the activated mustard cake, sugarcane
bagasse ash and water hyacinth refuse were treated with the
solution of 20% of H,O,. The mixture was stirred with the help of
magnetic stirrer at 60°C for 2 h and dried in an air oven at 80-100°C
for 2 h. The heat-treated sample was washed several times with
doubled distilled water until the filtrate is neutral (pH=6.5-7.5) and
its conductivity is minimal. These tests ensure that H,O.and other
ions which might be present are completely removed. The sample
was dried, ground and sieved to uniform size of 75 micron.

Preparation of MMC, MSBA and MWH

This is one of the attractive ways of physical modification is to
provide new desirable characters to chitosan and to synthesize
chitosan and mustard cake, sugarcane bagasse ash and water
hyacinth based bio composites by mixing or blending of chitosan
and mustard cake, sugarcane bagasse ash and water hyacinth in
the weight ratio of 1:1. In blending, at least two materials are mixed
to obtain a new material with different physical properties. At
thermodynamic equilibrium, the two materials of amorphous nature
appear to be as a single-phase or homogeneous on blending with a
new set of improved properties from the individual components.
The miscibility and compatibility between the blended materials are
decided by their mechanical and thermal properties. The method of
blending is effective in practical application due to its simplicity in
operation and availability of various organic compounds and natural
polymers. Blending permits the wide range of properties by union of
the components viz. chitosan and mustard cake, sugarcane
bagasse ash and water hyacinth to achieve physically and
chemically stable biopolymers required for the specific applications.

Adsorbate (C.I. Acid Red 2)

C. I. Acid Red 2 dye is a mostly used mono-azo dye in laboratory
assays, textiles and other industrial products; however, it may
cause serious issue in eye and skin (Chung et al., 1981) and
pharyngeal or digestive tract irritation if inhaled or swallowed (So et
al., 1990). Furthermore, C. |. Acid Red 2 is mutagenic under aerobic
conditions: it undergoes biotransformation into 2-aminobenzoic acid
and N, N-dimethyl-p-phenylene diamine (Wong et al., 1998; Vijaya
and Sandhya 2003; Jadhav et al., 2008). It became imperative to
develop low-cost adsorbent for the removal of C. I. Acid Red 2 dye
from wastewater before being discharged into receiving water body.

The central objective of the work is to evaluate the adsorption
performance of locally derived adsorbent from mustard oil cake,
water hyacinth and okra seeds for the removal of MR dye from
aqueous solutions. Adsorption equilibrium and kinetics were found.
Isotherm equations were employed to quantify the adsorption
equilibrium. The effects of solution pH, initial dye concentration and
temperature on C. I. Acid Red 2 dye adsorption were also surveyed.

It has been suggested that the tough color of dyes could
minimize turbidity (light penetration), and can affect the growth of
benthic flora and fauna (Jadhav and Vanjara, 2004). Popular azo
dye C. |. Acid Red 2(2-{(E)-[4-(dimethyl amino) phenyl] diazenyl}
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Figure 1. Molecular structure of the C. I. Acid Red 2.

benzoic acid; 1) was selected as a model system because the
intense color (Amax 410 nm) in aqueous systems and also have low
biodegradability due to the presence of benzene rings. The
molecular structure of the C. I. Acid Red 2 is shown in Figure 1. The
physico-chemical properties of C.I. Acid Red 2 are tabulated in
Table 1 and the removal of C.I. Acid Red 2 onto various surfaces
are shown in Table 2.

Preparation of (C.I. Acid Red 2) standard solution

C.l. Acid Red 2 (azo dye) supplied by local manufacturer was used
for the study. 1x10° M stock solution was prepared by dissolving
desired amount of it in 250 ml of distilled water and the required
standard solutions were prepared by dilution method (V1M1 = VoMy).
The prepared standard solution was used for bio-adsorption and for
the study of adsorption isotherm.

EXPERIMENTAL PROCEDURES
Adsorption studies

Adsorption studies were performed by the batch technique. The
adsorption of a C.l. Acid Red 2 on raw mustard cakes, raw
sugarcane bagasse ash and raw water hyacinth activated mustard
cakes, activated sugarcane bagasse ash and activated water
hyacinth and modified mustard cakes, modified sugarcane bagasse
ash and modified water hyacinth based biosorbents were obtained
after stirring the beakers containing 50 ml of sample with different
amount of adsorbents, different values of pH and different contact
time at room temperature. The stirring proceeded for different
periods after which the mixture was left to settle and filtered. The
absorbance of the filtrate was determined by using UV-Vis
spectrophotometer (Model DR 4000 U, HACH) at adjusted Amax (410
nm).

Equilibrium studies

A fixed amount of adsorbents (0.5 g) was added into a set of each
250 ml beakers containing 50 ml of different concentrations of C.1.
Acid Red 2 solution with adjusted pH of 4.5. The beakers were
stirred on a magnetic stirrer for 60 min until the equilibrium was
reduced. The absorbance was measured by a double beam UV-Vis
spectrophotometer (Model DR 4000 U, HACH). Each experiment
was triplicated under identical conditions. The amount of adsorption
at equilibrium, ge (mg/g) was calculated by:

gde = (Co-Ce) V/W 1)

where, C, and C. (mg/L) are the liquid-phase concentrations of dye
at initial and at equilibrium time (t) respectively, V is the volume of
the solution in liter (L) and W(g) is the mass of adsorbent used. The
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Table 1. Physico-chemical properties of C.I. Acid Red 2. (Pub Chem).

S/N Properties Values
1 Molecular Weight 269.3 g/mol
2 Hydrogen Bond Donor Count 1
3 Hydrogen Bond Acceptor Count 5
4 Rotatable Bond Count 4
5 Exact Mass 269.116427 g/mol
6 Monoisotopic Mass 269.116427 g/mol
7 Formal Charge 0
8 Isotope Atom Count 0
9 Covalently-Bonded Unit Count 1
Table 2. Removal of C.I. Acid Red 2 onto various surfaces.
Temperatu  Maximum MaX|mgm
SIN  Adsorbents pH N adsorption References
re (°C) % removal .
capacity
1 Modified Zeolites 6.5 25 99 0.250 (g g™ loannou et al. (2012)
p Acvatedcabonand = 10 30 96 1408 (mgg?)  Ghaedietal. (2011)
3 Modified durian seed 6 30 92.52 401.65 (mgg?’)  Ahmad et al. (2015)
4 Tree bark powder 5 30 93.3 125.22 (mg g'l) DIM (2013)
5 Iron Oxide nanoparticle 4 298-328 K 93 625(mg g™) Dadfarniaa et al. (2015)
6 Sugarcane bagasse - - 91 54.60 (mg g‘l) Azhar et al. (2005)
8 Modified banana trunk fibers 5 25-27 85 555.56 (Ng g') Rosemal et al. (2010)
9 EichorniaCrassipes biomass 8.0 30 99.7 8.85x107? molg'l Tarawou et al. (2007)
10  Banana Pseudostem fibers 2.08 2742 98.98 93.515 (Mg g')  Yetand Rahim (2014)
11  CNTs and activated carbon - - 95 200.0 mg g-1 Zare et al. (2015)
12 MWCNTs oxidized - - 97.5 108.7 (mg g"l) Ghaedi and Kokhdan (2012)
13  AnnonaSgumosa seed 4.0 27+2 82.81 40.486 (mg g*)  Santhi et al. (2010)
14  Pomelo peels 6.5 25 93.5-94.8 207.02 (mg g'l) Tanzim and Abedin (2015)
15  Rice hulls 3 203 K 89 596.05 (mg g) (HZ%SE"’;” and - Abdulhussein
16  Guargum powder 4.2 34 76 66.66 (mg g™) Saxena and Sharma (2016)
17  Sugarcane bagasse pith 5 30 86 75.55 (mg g"l) Alaguprathana and

Poonkothai. (2017)

percentage of dye-removal is calculated by following formula:

Removal % = Co-C;/ Co x 100 @)

Where, C;(mg/L) is the liquid-phase concentrations of dye at time (t).

Effect of contact time

The contact time ranged from 60 min, pH of the aqueous dye
solution was adjusted to pH 4.5. The amount of adsorbent was
0.5g/50 ml. The dye concentration was 1x10°M.

Effect of pH

The pH ranges from 2.0 to 5.0; the amount of adsorbent was 0.5
/50 ml, where the contact time was 60 min. The pH was adjusted
by adding a few drops of 0.1 M NaOH or 0.1 M HCI.

Effect of amount of adsorbent
The range of amount of adsorbent was 0.5 g for 50 ml solution. The

pH was fixed at 4.5 and the contact time for the experiment was
60 min.

RESULTS AND DISCUSSION

Characterization of new adsorbents
Fourier transform infrared spectroscopy (FT-IR)

The FT-IR spectrum of Pre and Post RMC, AMC, MMC,
RSBA, ASBA, MSBA, RWH, AWH and MWH are
illustrated in Figures 2 to 4. The functional groups
assignment is summarized in Table 3a, b and c.
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Figure 4. FTIR of Pre and Post RWH, AWH and MWH.

Table 3a. FTIR spectral characteristics of RMC, AMC and MMC before and after adsorption.

RMC AMC MMC )

x o x . x o Peak assignments
876 876 0 890 - 890 - - - Si-OH band stretching
2344 2235 109 2344 - 2344 - - - C=H stretching
1468 1468 0 1468 1650 818 - - - Aromatic C=C bond
1119 1119 0 1119 - 1119 - - - C-OH stretching
1000 1000 0 1000 980 20 1054 - 1054 C-0 stretching vibrations
1745 1745 0 1700 1750 50 - - - OH deformation coupled
1231 1231 0 1231 - 1231 - - - C-O stretching vibrations
3464 354 10 3472 3445 27 3723 - 3723 Surface hydroxyl groups
2927 2927 0 2927 3000 -73 - - - Asymmetric C-H stretching

*Before Adsorption (cm™); **After Adsorption (cm™); ***Differences.

X-ray diffraction analysis

The XRD patterns of new biosorbents are illustrated in
Figures 5 to 7. The broad diffraction peaks assignment is
summarized in Table 4.

Scanning electron microscopy (SEM) analysis of new
biosorbents

SEM micrographs of new biosorbents are presented in
Figures 8 to 14. There are irregular pores distributed

which enhance the process of adsorption. The biosorbent
surfaces resemble sponge like structure wherein ions
may be trapped in the holes. The results show that there
is uneven surface morphology with significant pores and
fibrous structure

Adsorption results
Effect of contact time

50 ml of C.I. Acid Red 2 dye solution with known initial



Table 3b. FTIR spectral characteristics of RSBA, ASBA and MSBA before and after adsorption.
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RSBA ASBA MSBA .

* ** *k%k * *% *%k% * *% *k%k Peak aSSIgnment
1456 - 1456 1520 - 1520 1520 - 1520 Symmetric bending of CH3
2915 - 2915 2945 - 2945 - 2960 2960 Aliphatic CH group
1623 - 1623 1642 1650 8 - 1765 1765 C=0 stretching
1087 1090 3 1100 1095 5 1100 1095 5 C-O stretching
1526 1530 4 1528 1545 -17 1526 1555 -29 Secondary amine group
791 791 0 1100 1100 0 1126 1150 -24 Si-O bending

- - - - - - - 3235 3235 Si-OH

*Before Adsorption (cm™), **After Adsorption (cm™), ***Differences.

Table 3c. FTIR spectral characteristics of RWH, AWH and MWH before and after adsorption.

RWH AWH MWH )

* *% *%k% * *% *%k% * *% *k%k Peak aSSIgnment
3437 3437 0 - - 3437 - 3437 Stretching vibrations of OH groups
2927 2927 0 - - - 2927 3000 -73 Asymmetric C-H Stretching
1000 1015 15 1000 1000 0 1000 1000 0 C-O-C stretching
765 765 0 725 725 0 780 755 25 Si-O-Si stretching
1050 1050 0 - - - 1050 1050 0 C-O-C stretching
1317 - 1317 - - - - - - Aromatic C-O and Phenollic OH
1416 - 1416 - - - - - - C-H
1636 1645 -9 - 1640 1640 1640 1640 0 Aromatic C-O-C-C

*Before Adsorption (cm™), **After Adsorption (cm™), ***Differences.
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Figure 5. X-Ray Diffraction analysis ofRMC, AMC and MMC biosorbents.

concentration was put in a series of 250 mL Erlenmeyer
flasks. The amount of adsorbent that was added to each
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flask was fixed at 0.5 g. The flasks were placed in an
isothermal water bath shaker at constant temperature of
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Figure 6. X-Ray Diffraction analysis of RSBA, ASBA and MSBAs.
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Figure 7. X-Ray Diffraction analysis of RWH, AWH and MWH biosorbents.

Table 4. XRD spectral characteristics of the adsorbent materials.

Value of 26° Plane Crystallized fractions
40-50 101 Carbon

15-30 002 Carbon (C-H)

20 110 Semi crystalline chitosan
25 002 Graphite crystallite

49.5 002 Graphite crystallite

40°C, until equilibrium point was reached. Samples are concentration of the dye at 410 nm wavelength using an
withdrawn at intervals to determine the residual UV-Vis spectrophotometer (Model DR 4000 U, HACH).
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Figure 10. Scanning Electron Microscopy analysis of ASBA.

Figure 15 show the plot of contact time versus percentage
of the dye removed C.I. Acid Red 2.

Effect of adsorbent dose

An increase in the adsorbent dose (RMC, AMC, MMC,

Sharma et al. 9

RSBA, ASBA, MSBA, RWH, AWH and MWH) from 0.1 to
0.6 g/50 ml increases the percentage of the dyes
removed. This may be attributed to increased sorbents
surface area and availability of more sorption sites
resulting from increased dose of the sorbent. The
increase in adsorbent dose at constant dye concentration
and volume results to increased availability of sorption
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Figure 14. Scanning Electron Microscopy analysis of MWH.
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sites and unsaturation of the sites. Greater adsorption
rate was observed when the adsorbent/dye concentration
ratio is greater than when the ratio is lower. Figure 16
shows the plot of adsorbent dosage versus percentage of
the dye removed C.I. Acid Red 2.

From the plot, the slope is positive indicating that
adsorption increases with an increase in the adsorbent
dose. It can be deduced that a fixed mass of the
adsorbent is needed to adsorb certain amount of the dye,
which means the higher the adsorbent dose, the larger
the volume of effluent can purify (Srivastava and
Rupainwar, 2011). The increase in sorbent dose at

constant dye concentration and volume will lead to
unsaturation of sorption sites through the sorption
process.

Effect of initial dye concentration

A mass of 0.5 g of each adsorbent (RSBA, ASBA and
MSBA) was contacted with 50 ml of the dye
concentration 1 to 6 mg/ml at pH 2 and 5 for the
adsorbents respectively, using water-bath maintained at
40°C. The agitation speed was kept constant. At
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Figure 18. Effect of Temperature variation on the removal of C.I. Acid Red 2 over RMC, AMC,
MMC, RSBA, ASBA, MSBA, RWH, AWH and MWH.

predetermined intervals of time, samples were analyzed
for the final concentration of dyes by a UV-Vis
spectrophotometer Model DR 4000 U, HACH). From the
results obtained, an increase in initial dye concentration
or dosage from 1-6 mg/ml leads to a decrease in the
percentage of the dyes removed C.I. Acid Red 2. Figure
17 shows the plot of initial concentrations versus
percentage of the dye removed C.I. Acid Red 2.

Effect of temperature

Adsorption of dye C.I. Acid Red 2 (methyl red) increased

with an increase in temperature for the adsorbents
(RSBA, ASBA and MSBA) respectively. This indicates
that adsorption is endothermic. The solubility of the dyes
increases with an increasing temperature, thus at high
temperature the dyes solution reaches an equilibrium
where they can be adsorbed out by the adsorbent
particle. In addition, at higher temperature the adsorbents
active sites are activated thereby increasing the
concentration of the dye removed. The enhancement of
the adsorption might also be due to enhancement of the
adsorptive interaction between the active sites and the
adsorbate ion. Figure 18 shows the plot of temperature
variation versus percentage of dyes (C.l. Acid Red 2)
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Figure 19. Effect of pH on the removal of C.l. Acid Red 2 over RMC, AMC, MMC, RSBA, ASBA,

MSBA, RWH, AWH and MWH.

removed respectively.

Effect of pH

The results of the experiment done at different pH values,
which were conducted to determine the optimum pH
range for the dye adsorption on the surface of new
biosorbents. The percentage removal of C.l. Acid Red 2
by RSBA, ASBA and MSBA was optimum at 2.5, and 4
respectively; it could be as a result of the degree of
ionization of the species at the different pH. More C.I.
Acid Red 2 was absorbed by RSBA, ASBA and MSBA in
an acid medium. Figure 19 shows the plot of pH variation
versus percentage of dyes (C.l. Acid Red 2) removed
respectively.

The dyes sorption behaviour as exhibited by the three
biosorbents relative to solution pH could be attributed to
several reasons. The surface of all the powdered
materials may contain a large number of active sites and
the solute (dye ions) uptake can be related to the solute
in the solution (Poinern et al., 2011).

Adsorption isotherm
Langmuir Isotherm

Adsorption isotherm is important in describing how
solutes interrelate with the adsorbent and so is critical in
optimizing the use of adsorbents. Correlation of isotherm
data by empirical or theoretical equations is thus
essential for the operation of adsorption systems and
practical design (Srivastava et al., 2011). The Langmuir

equation assumes that maximum adsorption occurs when
surface is covered by the adsorbate. The distribution of
dyes has been described by the linear form of Langmuir
equation given as:

(Ce/a.) = (1/b00) + (Ce/00)2 (3)

Where Ce is concentration of dye solution (mol L™) at
equilibrium, ge is amount of dye adsorbed per unit weight
of adsorbent (mol g), b is related to the energy of
adsorption (I mol™). Figure 20 shows the Langmuir
isotherm for the adsorption of C.I. Acid Red 2 by RMC,
AMC, MMC, RSBA, ASBA, MSBA, RWH, AWH and
MWH respectively.

The adsorption was found linear over the entire
concentration range studied with good regression
coefficient (R2 = 0.9481 and 0.8524) for RSBA, ASBA
and MSBA respectively on C.l. Acid Red 2. The result
shows that the correlations fit in well into the Langmuir
isotherm for C.I. Acid Red 2; this can then imply that the
RSBA, ASBA and MSBA are better used to adsorb C.I.
Acid Red 2 of the same concentration. It was observed to
fit in correctly into Langmuir isotherms. The fact that
Langmuir isotherms fits the monolayer coverage of dye
very well confirms the monolayer coverage of dye on
adsorbent particles and also the homogenous distribution
of active sites on the material, since Langmuir equation
assumes that the surface is homogenous (Saleh and Al-
Absi, 2017).

Freundlich isotherm

The Freundlich model is an empirical equation based on



14 Int. J. Water Res. Environ. Eng.

o #aa . 3 [ $1 ol < hada
#2099
5 y E / 30
TR L1 | EWHeAss
5 S - 60880 4002 3

B y2 6118500008

.‘ . | - < -~
g ¢ e PR .
g a2 Pl IR | AlHeNE
: 1 : o R Lo = 10009+ 00006 :
- pwow - ol o 3ane WHAL3
: g8 B / A § o
§ 5 . 4 : | -:‘. . Vilsy 3 3
o 2 L3578 00007
) / 5 ¥ 20855
S R
" y
] £ b 3 K B2 50 5% £0 6
(et tyagel (el 1ragiel Celtx 10 me/oi

Figure 20. Langmuir isotherm for the adsorption of C.I. Acid Red 2 onto RMC, AMC, MMC, RSBA, ASBA, MSBA, RWH,

AWH and MWH.
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Figure 21. Freundlich isotherm for the adsorption of C.I. Acid Red 2 onto RMC, AMC, MMC, RSBA, ASBA, MSBA, RWH, AWH and

MWH.

adsorption on heterogeneous surface or surface
supporting sites of varied affinities. It is assumed that the
stronger binding sites are occupied first and that the
binding strength decreases with the increasing degree of
site occupation. The Freundlich isotherms expressed
(equation 4) as:

1
logq. = logKy + -logC, (4)
where ¢, is amount of adsorbate adsorbed per unit mass
of adsorbent Smg/g); ke is Freundlich isotherm constant
(mg/g) (L/mg) " “which indicate the relative adsorption
capacity of the adsorbent related to the bonding energy;
C. is equilibrium concentration of the adsorbate (mg/L)
and ng is the heterogeneity factor representing the
deviation from linearity of adsorption and is also known
as Freundlich coefficient. If the plot of (log qe) against (log
Ce) gave straight line, it indicates that the Freundlich
isotherm fit the adsorption data. Other constants can be

calculated from the slope (1/n) and intercept (log Kg) of
the linear plot of experimental data. The slope of 1/n
ranging between 0 and 1 is a measure of adsorption
intensity, becoming more heterogeneous as its value gets
closer to zero. Figure 21 shows the Freundlich isotherm
for the adsorption of C.I. Acid Red 2 by RMC, AMC,
MMC, RSBA, ASBA, MSBA, RWH, AWH and MWH
respectively. Table 5 shows the Langmuir and Freundlich
adsorption parameter for C. |. Acid Red Dye 2.

Temkin Isotherm

This model was evaluated by using Equation 5 and
plotting of (ge) versus (In C.) to obtain a straight line as
shown in the figure (Figure 22) with a slope (B) and
intercept (B In A), Where A is Temkin constant used to
examine the interaction between RMC, AMC, MMC,
RSBA, ASBA, MSBA, RWH, AWH and MWH and C.I.
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Table 5. Langmuir and Freundlich adsorption parameter for C. I. Acid Red Dye.

. Langmuir Freundlich Temkin
Experimental q b
condition m R R? K R? A B R?
(mglg)  (Limol) L F s
RMC+MR 28.05 210.3 0.048 0.92 6.05 -2.87 0.99 162.16 0.0081 0.90
AMC+MR 333.33 63.66 0.138 0.88 3.42 -5.32 0.90 198,54 0.0053 0.96
MMC+MR 1250 2.66 11.14 094 253 -9.25 0.87 7.68 0.0035 0.97
RSBA+MR 1.58 42.25 8.62 0.99 5.64 -3.07 0.99 1.14 0.0032 0.88
ASBA+MR 1.86 57.14 6.140 090 547 -3.00 0.87 5.85 0.0035 0.91
MSBA+MR 2.12 54.38 6.756 0.93 457 -3.42 0.92 2.77 0.0033 0.87
RWH+MR 6.33 92.30 3.984 0.99 5.00 -3.47 0.99 3.646 0.0022 0.97
AWH+MR 7.99 94.91 3.891 0.79 342 -0.81 0.69 7.243 0.0019 0.99
MWH+MR 11.36 60.78 6.024 085 234 -11.63 0.90 2.981 0.0010 0.96
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Figure 22. Temkin isotherm for the adsorption of C.I. Acid Red 2 onto RMC, AMC, MMC, RSBA, ASBA, MSBA, RWH,

AWH and MWH.

based on the value of the correlation coefficient. The
highest correlation coefficient value indicates the best-fit
isotherm model for adsorption of C.I. Acid Red 2 (Methyl
Red) dye. The adsorption parameters; qm, K., n, K;, A and
B of adsorption isotherms, under the optimum
experimental conditions, were also calculated and
tabulated in Table 5.

e = BlnA + BlnCe (5)

Depending on this conclusion, we can say that the
adsorption of C.I. Acid Red 2 dye onto RMC, AMC, MMC,
RSBA, ASBA, MSBA, RWH, AWH and MWH is a
heterogeneous adsorption. This means that the
interaction between RMC, AMC, MMC, RSBA, ASBA,
MSBA, RWH, AWH and MWH and C.l. Acid Red 2
(Methyl Red) molecules (Yargic et al., 2015). The
regression relationships of the Langmuir, Freundlich and
Temkin adsorption isotherms are shown in Table 6.

Adsorption kinetics

To study the mechanism and the rate by which the
adsorption of C.I. Acid Red 2 (Methyl Red) onto RMC,
AMC, MMC, RSBA, ASBA, MSBA, RWH, AWH and
MWH occurred (mass transfer, diffusion control, or
chemical reaction), different kinetic models; pseudo first-
order and pseudo second-order kinetic reaction were
applied to adsorption data.

Pseudo first-order kinetic model

For the study of pseudo-first order kinetic model, the
integral form of the Laguerre model is used for this
following equation is generally used:

loglqe - g = log[q.] - [K1/2.303]t ©)

Where g, and q; are the adsorption capacity at
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Table 6. Regression relationships of the Langmuir, Freundlich and Temkin adsorption isotherms.

Experimental condition Langmuir Freundlich Temkin
y=0.0007x-0.0001 y =-0.3484x - 1.8008 y =0.0081x + 0.265
RMC+MR R2=0.9218 R2=0.9979 R2=0.9048
y = 0.0003x + 8E-05 y =-0.1881x - 1.2342 y =0.0053x + 0.2721
AMC+MR R2=0.8831 R2=0.9018 R2=0.9671
y = 8E-05x - 3E-05 y =-0.1087x - 0.9268 y = 0.0035x + 0.2892
MMC+MR R2 = 0.9428 R2 = 0.8743 R2 = 0.9747
y = 6.3162x - 0.0009 y =-0.325x - 1.7262 y = 0.0032x + 0.2362
RSBA+MR R2=0.9999 R2 =0.9987 R2=0.8888
y = 6.3766x - 0.0023 y =-0.3333x - 1.7039 y = 0.0035x + 0.2641
ASBA+MR R2 =0.9066 R2=0.8752 R2=0.9194
y = 4.7207x - 0.0027 y =-0.2923x - 1.5195 y = 0.0033x + 0.2921
MSBA+MR R2 = 0.9344 R2 = 0.9282 R2 = 0.8732
y = 6.1185x - 0.0008 y =-0.2882x - 1.6084 y = 0.0022x + 0.2308
RWH+MR R? = 0.9998 R? = 0.9994 R? = 0.9752
y = 1.0009x + 0.0006 y =-0.1913x - 1.2343 y = 0.0019x + 0.2575
AWH+MR R2=0.7903 R2 =0.6965 R2=0.9949
y = 1.3578x - 0.0007 y = -0.086x - 0.8527 y = 0.001x + 0.2751
MWH+MR R = 0.8556 R2 = 0.9012 R2 = 0.9622
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Figure 23. Pseudo-first order kinetic model for the adsorption of C.I. Acid Red 2 onto RMC, AMC, MMC, RSBA, ASBA, MSBA,

RWH, AWH and MWH.

equilibrium and at time t, respectively (mgg™).K; is the
pseudo first-order rate constant. Plotting of log (Qe-Qy)
versus t should give a linear plot, if the adsorption
process obeyed pseudo first-order kinetic model (Figure
23). The rate constants (k;) and g. can be calculated
from the slope and intercept of the linear plot,
respectively. Table 7 shows the calculated kinetic
parameters of the applied pseudo first-order Kkinetic
model.

Pseudo second-order kinetic model

The rate of adsorption is one of the most important

fundamental attributes of the adsorbent materials. To
investigate pseudo second-order

following linear equation (7) is used:

t_1

1
= — -t
g Kt

(e

kinetic model,

Where qe, qi, and t, were already explained above, k; is
the rate constants of pseudo second-order kinetic
adsorption. On the basis of the adsorption parameters g,
(mg/g) and K, the rate constant of the Pseudo second-
order (g/mg-min) were calculated from the slope and the
intercept respectively as in Table 8. The agreement
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Table 7. The calculated first order kinetic parameters of C.I. Acid Red 2 adsorption onto RMC,
AMC, MMC, RSBA, ASBA, MSBA, RWH, AWH and MWH.

Experimental materials

Pseudo-first-order kinetic model

9e (Ma/g) Ka R’
RMC+MR 1.021 6x 10" 0.97
AMC+MR 1.024 6% 10 0.89
MMC+MR 1.025 9x 10 0.93
RSBA+MR 1.028 9% 10 0.85
ASBA+MR 1.027 9.2x10* 0.96
MSBA+MR 1.021 6% 10 0.94
RWH+MR 1.028 9.2x 10™ 0.94
AWH+MR 1.027 9x 10 0.95
MWH+MR 1.016 4x 10™ 0.89

Table 8. Second-order kinetic parameters of C.I. Acid Red 2 adsorption onto RMC, AMC, MMC,
RSBA, ASBA, MSBA, RWH, AWH and MWH.

Experimental materials

Pseudo- second-order kinetic model

qe(Mg/g) Kz R’
RMC+MR 0.2012 1.9x 10° 0.99
AMC+MR 0.2324 1.6x 10° 0.99
MMC+MR 0.2699 1.8x 10® 0.99
RSBA+MR 0.2082 1.6x 10° 0.99
ASBA+MR 0.2425 1.3x 10° 0.99
MSBA+MR 0.2721 2.1x 10° 0.99
RWH+MR 0.2181 1.3x 10° 0.99
AWH+MR 0.2476 1.4x 10° 0.99
MWH+MR 0.2711 2.8x 10° 0.99

between the calculated value of the g. and the observed
value of the coefficient of correlation from all the data
obtained at different concentration of the dye indicates
that the adsorption kinetics between adsorbent and
adsorbate follow the pseudo second-order. As it is
noticeable from Figure 24 and Table 8, we revealed that
pseudo second-order kinetic model can best elucidate
the adsorption process because it possessed a higher
0.99 R?value (Zare et al., 2015).

Conclusion

The result revealed the potential of RMC, AMC, MMC,
RSBA, ASBA, MSBA, RWH, AWH and MWH an
agricultural waste material to be an effective bio-
adsorbent for removal C. I. Acid Red 2 from aqueous
solution. The adsorptive removal of the C. I. Acid Red 2
onto RMC, AMC, MMC, RSBA, ASBA, MSBA, RWH,
AWH and MWH can be well described by Freundlich
adsorption isotherm (R® obtained for Freundlich model
fitted more than Langmuir and Temkin model). The

adsorption capacity was found to be maximum at pH 4.4
and at adsorbent mass of 0.5 g/50 ml dye concentration
within 60 min of physical adsorption. The kinetic
characterization of the adsorption process on the various
surfaces was well described by the pseudo second-order
model. The major advantage of using bio-adsorbents for
removing dyes is due to their highly selective nature of
adsorption. Preliminary results indicate that RMC, AMC,
MMC, RSBA, ASBA, MSBA, RWH, AWH and MWH are
good bio-adsorbent for removing C. |. Acid Red 2 dye
from textile wastewater.
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