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Abstract

A terpolymer gel compositeis made up of locust bean gum (LBG), diallyldimethylammonium chloride (DADMAC), 2-acrylamido-2-
methyl-1-propane sulfonic acid (AMPS) and bentonite (BNT) was prepared using methylenebisacrylamide (MBA) as crosslinker via
microwave irradiation and characterized using FTIR, TGA and SEM techniques. Swelling behavior of the composite was studied
under different pH conditions. The composite was also evaluated for adsorption of anionic dye ‘Indigo Carmine’ (IC). The behaviour
of the composite was compared with the terpolymer gel without the clay component. The gel showed remarkably higher swelling
under neutral pH compared to the composite. The adsorption capacity of the terpolymer gel without clay for Indigo Carmine dyeis
also found to be higher (17.36 mg/g) compared to the clay composite (11.99 mg/g). The adsorption data were subjected to three dif-
ferent isotherm models namely; Freundlich, Langmuir and Temkin and were observed to be explained best by Freundlich model. The
adsorption of indigo Carmine on the terpolymer gel and the composite is observed to be a second order Kinetic process.

Keywords:Adsorption; Bentonite; Diallyldimethylammonium chloride; Indigo carmine; Locust bean gum; 2-acrylamido-2-methyl-1-propane sulfonic

Acid.

1. Introduction

The demand for manufactured goods across the globe results in
the use of synthetic products such as dyes in various industries
(textile, leather, paper, rubber, plastic, cosmetic etc). This has lead
to the proportionate release of a large quantity of effluent contain-
ing non-biodegradable, toxic and carcinogenic colored substances
into the environment. The presence of this colored pollutants be-
comes increasingly a major threat to water bodies and their re-
moval from waste water by means of an environmentally friendly
technique is a major challenge (Malana,et al, 2010; Zhou, et al,
2014; Karthika and Vishalakshi, 2015; Gan, et al, 2015; Fosso-
kankeu, et al, 2015). Several physico-chemical methods such as
chemical precipitation, ion exchange, membrane separation,
chemical reduction, chemical oxidation, advanced oxidation pro-
cesses (Santos and Boaventura, 2016) have been employed in the
removal of toxic substances from the environment. But, the effi-
ciency of these methods to remove the dye molecules are still low
and the methods are time consuming, expensive and sometimes
generate large amount of sludge which are toxic to the living or-
ganisms in the environment. Hence, adsorption using composite
based biopolymers has been described as one of the most effective
and promising technique for removal of such pollutants (Mahida
and Patel 2016; Maity and Ray 2016; Robati, et al, 2016).

The composites of polymer-clay have been gaining increased at-
tention by researchers globally due to the hybrid properties they
exhibit when compared with either the polymer or clay separately.
A wide range of polymer-clay composite has been produced and
used for water treatment (Sebastian, et al, 2014; Gupta, et al,

2016), dye adsorption (ElI Haddad, et al, 2012; Patil and
Shrivastava, 2015) etc.

The synthesis of ionic copolymers has been gaining significant
interest among researchers (Tirelli and Hunkeler, 1999). Dial-
lyldimethylammonium chloride (DADMAC) is one of the water
soluble cationic monomer that has wide range of applications in
water treatment, medicine, electrical switches, etc. (Jing and
Hongfei, 2001; Zhao, et al, 2010). Similarly, 2-acrylamido-2-
methylpropane sulfonic acid sodium salt (AMPS) as an anionic
monomer has received attention due to its strongly ionizable sul-
fonate group (Durmaz and Okay, 2000). Biopolymers functional-
ized with ionic molecules with DMDMAC and AMPS can be
potential adsorbents for removal of ionic dyes from effluents.

Indigo carmine is one of the most widely used synthetic dyes in
fiber industries for dyeing wool and silk. It has also been used as
dermatological agent, biological stain, antibacterial agent and
additive to poultry feed (Ramesh and Sreenivasa, 2015). Despite
its potential applications in the textile and leather industries, the
IC dye is considered as potent carcinogen, recalcitrant and toxic to
mammalian cells (Gopi, et al, 2017).

There are many reports on removal of IC using different adsor-
bents. The removal of IC from aqueous solution using cross linked
Chitosan was reported (Cestari, et al, 2008). The preparation of a
polyampholyte nanocomposite hydrogels made up of acrylic acid
(AA), 2-(diethylamino)ethyl methacrylate (2-DEAEMA) and
montmorillonite (MMT) and its potentials for Indigo Carmine
removal from aqueous solution was reported (Dalaran, et al,
2011). Geyikgi, (2016), reported the adsorption of IC onto mont-
morillonite using factorial design. The removal of IC dye using
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Chitin nanowhisker (ChNW)-functionalized electrospun PVDF
membrane was reported and the maximum adsorption of 72.6
mg/g was recorded (Gopi, et al, 2017). In our previous work, we
have reported the adsorption of IC dye on LBG-g-PDADMAC
(Zauro and Vishalakshi, 2016).

A thorough survey of literature indicated that the information for
the adsorption of IC dye on biopolymer based clay composite is
limited. Hence preparation of a terpolymer gel LBG-g-
poly(DADMAC-co-AMPS) and its composite with bentonite
(BNT),LBG-g-poly(DADMAC-co-AMPS)/BNT has been at-
tempted to be used as a potential adsorbents for the dye, IC. The
effect of incorporation of clay in the gel material on the adsorption
behavior has been studied in detail.

2. Materials and methods

2.1. Materials

Locust bean gum (LBG), Diallyldimethylammonium chloride
(DADMAC), 2-acrylamido-2-methyl propane sulfonic acid
(AMPS) were purchased from Sigma Aldrich Chemical Company,
India, Potassium chloride, HCI, Disodium hydrogen phosphate,
Sodium chloride were obtained from Merck Ltd Mumbai, India.
Ammonium peroxodisulphate (APS) and N, N-methylene-bis-
acrylamide (MBA) were obtained from SpectroChem Pvt. Ltd
Mumbai, India. Indigo Carmine dye (IC) was obtained from s. d.
fine chemicals Ltd. Mumbai, India. Acetone was obtained from
Nice Chemicals pvt Ltd., Kerala, India. Methanol was obtained
from Himedia Laboratories Pvt, Ltd., Mumbai, India. All the rea-
gents were used as obtained. Throughout the experiments distilled
water was used.

2.2. Methods

2.2.1. Preparation of LBG-g-poly(DADMAC-co-AMPS) gel

The grafting of poly(DADMAC-co-AMPS) on to LBG was car-
ried out based on the reported literature (Kaity, et al, 2013). A
fixed amount of LBG (0.1g) was dispersed in 20ml distilled water
and stirred overnight followed by addition of APS (0.008) and
stirred for an hour. Specified amount of DADMAC (0.15-0.40g)
and AMPS (0.1-0.30g) were added to the above solutions fol-
lowed by MBA (0.005g) and stirred for 8 hours. The solution was
then irradiated in a domestic microwave (LG-Gril-Intellowave,
India) at 80 watt for 120 seconds with alternate heating and cool-
ing. The solution was then left overnight at ambient temperature to
complete grafting and precipitated out using acetone. The precipi-
tate was separated and washed with methanol 2-3 times to remove
the un-reacted monomers. The grafted gum was dried in a hot air
oven overnight at 50°C. All weight measurements were carried out
using a digital weighing balance (SHIMADZU AUX 120, Japan)
with an accuracy of £0.1mg. The percentage grafting (GP) and
grafting efficiency (GE) were calculated using the below equa-
tions;

W,-W,

0
GE(%) = "2 x100 @)

2

Where, Wo, W1 and W2 are the weight of LBG, grafted gel and
total amount of monomers taken for grafting process respectively.

2.2.2.
gel/BNT

Preparation of LBG-g-poly(DADMAC-co-AMPS)

The LBG-g-poly(DADMAC-co-AMPS)/BNT composite gel was
made following same procedure as in 2.2.1 above but with addi-
tion of BNT (0.01-0.03g) under continuous stirring after addition

of monomers but prior to microwave irradiation. The GP (%) and
GE (%) were calculated using equations 1 and 2 respectively.

2.3. Characterization

LBG, LBG-g-poly(DADMAC-co-AMPS) and LBG-g-
poly(DADMAC-co-AMPS)/BNT were characterized using FTIR
spectrophotometer (Prestige-21, Shimadzu, Japan). The FTIR
spectra were recorded in the wave number range of 4000 to 400
cmtduring 40 scans, with resolution of 2 cm™. The thermograv-
imetric analysis of the samples were achieved by heating between
the temperature ranges of 10-700 °C, under nitrogen atmosphere at
10°C/min using DSC-TGA (Q600 V20.9 model) Japan. The SEM
images were recorded after gold sputtering of the samples in order
to make them electrically conductive and scanned at 20 KVA
using and JEOL JSM-6380LA (USA) scanning electron micro-
scope.

2.4. Swelling study

A solution of 0.2M KCI and 0.2M HCI was prepared in order to
obtain a buffer of pH 1.2. Similarly, 0.1M solution of NazHPO4
and 0.1M NaCl were also prepared for the preparation of buffer of
pH 7.0 and pH 9.0 by dissolving appropriate amount of the chemi-
cals in distilled water (Mithun and Vishalakshi, 2014) and the pH
were measured using a digital pH meter (335, Systronics, India).
A know amount (g) of the grafted gel/composite samples were
weighed (Wo) accurately and immersed in a solution of different
pH (1.2, 7.0 and 9.0) and at different time intervals the samples
were removed and wiped by blotting with tissue paper and re-
weighed (W1) and the process was repeated until an equilibrium
was reached (Shukla, et al, 2012). The swelling ratio (SR) in g/g
was calculated from the relation below:

_ Wi-Wy

SR W,

3
2.5. Dye adsorption study

The adsorption study was carried out in a solution of 100 mg/L of
IC solution with known amount of LBG-g-poly(DADMAC-co-
AMPS) and LBG-g-poly(DADMAC-co-AMPS)/ BNT.”The gel
and composite samples were immersed in the dye solution and at
different time interval 1mL of the solution was withdrawn and
diluted appropriately and the absorbance was measured using UV-
visible spectrophotometer (UV-1800 SHIMADZU, Japan) at Amax
of 610 nm. Predetermined calibration curves were used to convert
the absorbance values into concentration. Equilibrium adsorption
studies were also carried out using different dye concentrations
(10-100 mg/L). The amount of dye adsorbed at time t and at equi-
librium was calculated from the equations 4 and 5 respectively.

Co—C.

qt . OM 2 Xv (4)
Co—Ce

qe = —( 0 ) Xv (5)

Where gt and ge are the amount of dye adsorbed (mg/g) at time t =
t and at equilibrium respectively. Co, Crand Ce are dye concentra-
tions (mg/L) at time t = 0, t = t and at equilibrium respectively. M
is the weight of the samples (g) and v is the volume (L) of the dye
solution used for adsorption.

3. Results and discussion

3.1. Synthesis of LBG-g-poly(DADMAC-co-AMPS)

The mechanism of formation of LBG-g-poly(DADMAC-co-
AMPS) is shown in Scheme 1. The initiator APS under micro-
wave heating generates radicals that attack the LBG and abstract
the hydrogen radicals thereby creating radical sites on LBG mole-
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cules (macroradicals). During the polymerization process, grafting
of the copolymer consisting of repeating units of AMPS and
DADMAC occurs on LBG macroradicals. The presence of the bi-
functional MBA in the copolymer chain results in formation ofa

gel network of LBG-g-poly(DADMAC-co-AMPS). The presence
of BNT during the polymerization process leads to the formation
of clay entrapped LBG-g-poly(DADMAC-co-AMP gel composite.
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Scheme 1:Proposed Scheme for the Formation of LBG-g-poly (DADMA-co-AMPS).

3.2. Optimization experiment

The grafting conditions were optimized by varying the DADMAC
and AMPS content and the calculated values of GP (%) and GE
(%) are presented in Table 1. The GE (%) increases as the AMPS
content increases from 0.1 to 0.25g but decrease with increasing
the AMPS to 0.30g keeping DADMAC content at 0.15g, whereas,
the GP (%) increase and then decrease with further increase in the
AMPS content. Similar trend was observed as the DADMAC
content kept at 0.25g. However, as the DADMAC content was
kept at 0.20g and varying the AMPS content from 0.15g to 0.25,
the results showed a corresponding increase in both GP and GE.
Further increase in AMPS to 0.30g results in decrease in the graft-
ing parameters. The optimum condition for the formation of LBG-
g-poly(DADMAC-co-AMPS) were found to be 0.20g DADMAC,
0.25g AMPS. The decrease in grafting parameters observed at
higher DADMAC and AMPS contents is attributed to the for-
mation of homopolymers in the reaction mixture (Giri, et al,
2015).

Table 1: Composition of Terpolymer gels/composite [LBG-G-Poly
(DADMAC-Co-AMPS)] and their Grafting parameters (%) (APS =0.008g,
MBA =0.005g)

LBG(g) DADMAC (g) AMPS(g) BNT(g) GP (%) GE (%)
0.1 0.15 0.1 0.0 32.04 40.92
0.1 0.15 0.20 0.0 39.44 48.13
0.1 0.15 0.25 0.0 38.18 51.36
0.1 0.15 0.30 0.0 37.64 42.30
0.1 0.20 0.15 0.0 43.26 71.76
0.1 0.20 0.20 0.0 50.31 72.08
0.1 0.20 0.25 0.0 54.55 80.12
0.1 0.20 0.30 0.0 52.76 70.36
0.1 0.25 0.15 0.0 37.02 50.19
0.1 0.25 0.20 0.0 39.50 58.00
0.1 0.25 0.25 0.0 40.13 51.76
0.1 0.25 0.30 0.0 37.49 49.67
0.1 0.30 0.15 0.0 36.65 52.56
0.1 0.30 0.20 0.0 29.76 40.98
0.1 0.30 0.25 0.0 32.87 50.36
0.1 0.35 0.10 0.0 33.25 47.73
0.1 0.40 0.10 0.0 32.37 36.89
0.1 0.35 0.15 0.0 37.64 42.30
0.1 0.30 0.20 0.0 29.76 40.98
0.1 0.20 0.25 0.01 45.98 69.34
0.1 0.20 0.25 0.02 48.12 64.91
0.1 0.20 0.25 0.03 50.21 59.32

3.3. Characterization

3.3.1. FTIR spectroscopy

The FTIR spectra of LBG, LBG-g-poly(DADMAC-co-AMPS)
and LBG-g-poly(DADMAC-co-AMPS)/BNT are presented in
Fig. 1. The LBG spectrum (Fig 1a) showed a broad band at 3350
cm* which is attributed to O-H stretching. The peak at 2910 cm!
is assign to C-H stretching. The peaks observed at1010 cm is due
to C-OH stretching. The peaks at 1190 and 1050 cm* are for C-O-
C stretching form glycosidic linkages. For LBG-g-
poly(DADMAC-co-AMPS) (Fig 1b), in addition to the peaks
observed in Fig. 1a, peaks at 1535 cm™ and 1720 were observed
due to N-H bending and C=0 stretching respectively. In the spec-
trum of LBG-g-poly(DADMAC-co-AMPS)/BNT shown in Fig
1c, there is a shift in C=0 stretching vibration from 1720 to 1649
cm* and additional occurrence of new peaks at 1017, 939 and 808
cmt for Si-O-Si stretching, Si-O-Al bending and Si-O-C stretch-
ing respectively which provides evidence for incorporating BNT
into the system.
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Fig. 1: FTIR Spectra of; a) LBG, b) LBG-g-poly(DADMAC-co-AMPS)
and c) LBG-g-poly(DADMAC-co-AMPS)/BNT.
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3.3.2. TGA analysis

The TGA curves for LBG, LBG-g-poly(DADMAC-co-AMPS)
and LBG-g-poly(DADMAC-co-AMPS)/BNT are presented in
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Fig. 2. Fig. 2a shows three degradation steps for LBG. Thel2%
weight loss observed between 60-100 °C is attributed to the loss of
adsorbed and structural. Between 284-320 °C the major weight
loss of 40% was observed and is due to breakage of the glycosidic
linkage in LBG. At 500°C the final decomposition of the gum
occurs. The thermogram of LBG-g-poly(DADMAC-co-AMPS)
(Fig. 2b), four decomposition stages were observed, with the ma-
jor weight loss of 41% in the temperature range of 300-350 °C
which is attributed to the breaking of the grafted chain on LBG.
The final decomposition of the copolymer gel occurred between
510-600 °C and no residual mass was left 635 °C. For LBG-g-
poly(DADMAC-co-AMPS)/BNT (Fig. 2c), several decomposition
stages were observed. The first stage was the elimination of water
molecule from the composite gel in the range of 60-141 °C. The
final degradation occurred between 560 660 °C leaving around
7% as residual matter, confirming the presence of clay particles in
the gel-composite.
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Fig. 2: Thermogramsof; a) LBG, b) LBG-g-poly(DADMAC-co-AMPS)

and c) LBG-g-poly(DADMAC-co-AMPS)/BNT.
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3.3.3. SEM analysis

The surface morphology of LBG, LBG-g-poly(DADMAC-co-
AMPS) and LBG-g-poly(DADMAC-co-AMPS)/BNT samples are
presented in Fig. 3. The smooth, porous inhomogeneous surface
structure of LBG (Fig. 3a) undergoes significant change on gel
formation. The LBG-g-PDADMAC-co-AMPS (Fig 3b) appears
cotton-like and irregular. The incorporation of BNT into the sys-
tem produces a coarse and undulant surface with higher porosity
compared to the LBG and LBG-g-poly(DADMAC-co-AMPS).

Nl A0 ek

ET=2000W SowAshnler Mg+ f00KX AD = 30 e

Fig. 3:SEM Images of; a) LBG, b) LBG-g-poly(DADMAC-co-AMPS) and c) LBG-g-poly(DADMAC-co-AMPS)/BNT.

3.4. Swelling studies

The swelling behavior of LBG-g-poly(DADMAC-co-AMPS) and
LBG-g-poly(DADMAC-co-AMPS)/BNT in media of different pH
is shown in figure 4a. The swelling of the gel is observed to be
strongly affected by the pH, due to the presence of ionizable
groups in the structure of these samples. (Bueno, et al, 2013).
Swelling increases with increase in pH from 1.2 to 7.0 and de-
creases at higher pH conditions. At the pH of 7.0, there exist max-
imum numbers of ionic groups in the gel resulting in highest

swelling. Furthermore, at pH 9.0, the un-reacted hydroxyl groups
of the LBG molecules and amine groups of both the MBA and
AMPS are also deprotonated thereby decreasing the electrostatic
repulsion and subsequently result in the decrease in SR (Ganji, et
al, 2010). No significant swellings was observed at pH 1.2, as the
sulfonate group of AMPS in both the gel and its composite re-
mains protonated and exert insignificant electrostatic repulsive
force.
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Fig. 4: a. Swelling data at different pH, b. Pseudo second order kinetic model fit.

3.4.1. Swelling kinetics

The swelling studies for the gel and the composite samples were
carried out based on the standard methods reported in the literature
(Martinez-Ruvalcaba, et al, 2009). The swelling mechanism of the
gel/composite was determined by employing pseudo second-order
kinetic model. The second-order Kinetic equation is represented
asequation 6below;

t 1 1
SR kS, + Qt (6)

Where, k2 and seqare the swelling rate constant and the equilibrium
swelling ratio respectively. The value of R;, the initial swelling
rate is obtained as k,S3,. The plot of t/SR vs t (Fig. 4b) is linear

with a slope of 1/Seqand intercept of % This indicates that the
sveq

swelling process is of second-order kinetics. The swelling parame-
ters such as; swelling equilibrium (Seq) in g/g, swelling rate con-
stant (k2) in g of water per gram of the adsorbent per minute and
initial swelling rate (Ri) were calculated using the swelling data
obtained from the plot shown in Fig. 4b. Furthermore, the value of
Seq calculated from the slopes are in good agreement with the
experimental values as shown in Table 2.The R? values in all cases
tend towards unity (> 0.99) showing a good fit of the data to the
second order kinetic model. The initial swelling rate (Ri) of the
LBG-g-poly(DADMAC-co-AMPS) increases with pH up to 7.0
and later decreases as the pH is raised to 9.0. For LBG-g-
poly(DADMAC-co-AMPS)/BNT, the R;i increases drastically
acidic to basic medium. Isik and Sponza, (2004), reported a simi-
lar finding in respect of increase in Ri. But the swelling rate con-
stant (k2) decreases as the pH values increases with respect to
LBG-g-poly(DADMAC-co-AMPS). This is expected as the Seq
has an inverse relation with k2. The value of k2 for LBG-g-
poly(DADMAC-co-AMPS)/BNT also shows similar behavior.

Table 2: Kinetic data of Swelling for the terpolymer gel/composite

LBG-g-poly(DADMAC-  LBG-g-poly(DADMAC-co-

Swelling . AMPs) AMPS)/BNT

and Kinetic pH

e 12 7.0 9.0

Swew (0/9) 570 709 716 595 1652 842

Swe (g/g) 588 735 763 637 1887 877

g -

kx10%99" 995 750 449 409 0829 502
min™®

R? 0999 0999 0997 0995 0994  0.998
o e

g'(m'”g Y 0344 0406 0262 0166 0.295 0.386

3.5. Dye adsorption studies
The adsorption study was carried out using indigo carmine (IC) as
model dye. The structure of the dye molecule is given in Fig. 5.

//o

S
0// \ONa

H 0
Fig. 5:Structure of Indigo carmine dye.

The effect of contact time on the adsorption capacity of LBG-g-
poly(DADMAC-co-AMPS) and LBG-g-poly(DADMAC-co-
AMPS)/BNT towards adsorption of IC is shown on Fig. 6. The
amount of dye (mg/g) adsorbed increases linearly with time until
equilibrium is reached. The equilibrium adsorption capacity of IC
is found to be 17.36 and 11.99 mg/g respectively for LBG-g-
poly(DADMAC-co-AMPS)  and  LBG-g-poly(DADMAC-co-
AMPS)/BNT. The adsorption of IC on LBG-g-poly(DADMAC-
co-AMPS) is attributed to the strong electrostatic interaction be-
tween the cationic (N*) group of the quaternary amino group of
the grafted polymer and the anionic group (SOs’) of the IC mole-
cule.

18 | —=— LBG-g-poly(DADMAC-co-AMPS) ‘
| —e—LBG-g-poly(DADMAC-co-AMPS)/BNT
16 —
14
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Fig. 6: Effect of contact time on the adsorption of IC dye (mg/g).
3.5.1. Adsorption isotherms

For equilibrium adsorption studies, fixed amount (0.05g) of the
adsorbents were used in 25mL solution containing varied concen-
tration of IC (10-100 mg/L) and the maximum amount of IC ad-
sorbed in each case was determined. The three isotherm models
namely; Freundlich (Freundlich and Heller, 1939), Langmuir
(Langmuir, 1916) and Temkin (Temkin and Yakobson, 1984)
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were employed in this work in order to understand the adsorption
behavior of the dye on the adsorbents.

3.5.1.1. Freundlich isotherm

The Freundlich adsorption isotherm is based on the postulate that,
the process of adsorption takes place on heterogeneous surfaces
and the capacity of adsorption is related directly to the equilibrium
concentration of the dye. The Freundlich isotherm is represented
by the equation below;

Where ge is the amount of dye adsorbed at equilibrium (mg/g), Ce
is the concentration of dye solution at equilibrium (mg/L), krand n
are Freundlich adsorption isotherm constants that represent the
extent of adsorption and the degree of nonlinearity between the
dye concentration and the adsorption respectively. The values of k¢
and n were calculated from the intercept and slope of the plot of
log ge and log Ce (Fig. 7a) and are presented in Table 3. The value
of n indicates whether the adsorption is favorable or otherwise. If
it lies within the range of 1 to 10 then, the adsorption is favorable.
In this case, the adsorption of IC on LBG-g-poly(DADMAC-co-
AMPS) and LBG-g-poly(DADMAC-co-AMPS)/BNT is consid-

1
Inge = Ink¢ +—1InC, (7)  ered to be favorable.
30
2.2
a LB G g -poly(DADMAC co AMPS) LBG -g-poly(DADMAC -co-AMPS)/BNT
25 20 4 a
1.8
204 1.6
1.4
L 154 z ]
= = 124
Ay 104
0.8
0.5 0.6 -
0.4
L) T T T T T T T T T T T T
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In Ce InCe
1.08
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Fig. 7: a. Freundlich, b. Langmuir and c. Temkin isotherms for IC adsorption.

3.5.1.2. Langmuir model
The model that assumed the maximum adsorption corresponds to
a saturated mono layer of solute molecules on the adsorbent sur-
face is referred to as Langmuir adsorption model. It is expressed
as eqn. 8 given below;
Ce _ 1 1
e N qdm e ki dm (8)
Where, Ce, Qe, gm and kv are the equilibrium concentration of dye
(mg/L) solution, amount of dye adsorbed at equilibrium (mg/g),
maximum adsorption corresponding to complete monolayer cov-
erage on the surface (mg/g) and Langmuir constant which is relat-
ed to the energy of adsorption (L/mg) respectively. k. and gm are
determined from the intercept and slope of the linear plot of Ce/Qe
versus Ce (Fig. 7b) and presented in table 3. The basic features of
the Langmuir isotherm can be represented in terms of separation
factor (dimensionless equilibrium parameter) Ri (Krusic, et al,
2012), which can be expressed as;

1

R =
L= 1 4keC,

©)

Where, Co is the highest initial concentration of the dye (mg/L)
and ki is the Langmuir constant (L/mg). The value of R. deter-
mined the nature of adsorption as indicated below;

RL> 1 Unfavorable adsorption
0 < RL> 1 Favorable adsorption
RL =0 Irreversible adsorption
RL = Linear adsorption

Hence, the values of R. (Table 3) obtained in this study showed
favorable adsorption of IC on LBG-g-poly(DADMAC-co-AMPS)
and LBG-g-poly(DADMAC-co-AMPS)/BNT. The R? values of
Langmuir isotherm models are 0.68 and 0.96 respectively for
LBG-g-poly(DADMAC-co-AMPS) and LBG-g-poly(DADMAC-
co-AMPS)/BNT. This indicated that the equilibrium adsorption
data is not well explained by the Langmuir model.
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3.5.1.3. Temkin isotherm

The Temkin adsorption isotherm model is of the assumption that
the free energy of sorption is a function of the surface coverage
(Temkin and Yakobson, 1984). The Temkin isotherm is usually
used for heterogeneous surface systems, ie non-uniform distribu-
tion of sorption (Erhayem, et al, 2015). The linear representation
of the isotherm is;

de = BInKt + BInC, (10)
Where Ce and ge were defined as above; Kt is the equilibrium
binding constant (L/g) and B is a constant related to the heat of
sorption [J/mol]. The constants Kt and B were obtained from the
slope of linear plot of ge versus InCe (Fig. 7c). From the Table 3,
the R? values obtained in both cases is low compared with Freun-
dlich model. This shows that the adsorption of IC onto LBG-g-
poly(DADMAC-co-AMPS)  and  LBG-g-poly(DADMAC-co-
AMPS)/BNT cannot be explained by the Temkin model.

Table 3: Adsorption isotherms data for IC on Terpolymer gel/composite

3.5.2. Adsorption kinetics

The adsorption kinetic models are used to examine the adsorption
mechanism process. In this study the pseudo first and second order
kinetics models proposed by Lagergren and Ho respectively were
used to study the Kkinetics of IC adsorption on LBG-g-
poly(DADMAC-co-AMPS) and LBG-g-poly(DADMAC-co-
AMPS)/BNT.

3.5.2.1. Pseudo first order kinetics

The Lagergren pseudo first order kinetic model is based on the
assumption that the rate of change of adsorption of solute is direct-
ly proportional to the difference in equilibrium concentration and
concentration over time (Karthika and Vishalakshi, 2015) and can
be expressed as:

ks
log(qe — q¢) = logqe — 55t 11

Where ge and gt are the dye adsorption capacity at equilibrium and
at time t respectively (mg/g), ki is the rate constant (min) for the

LBG-g-poly(DADMAC-co-

ﬁgsc‘;_rb_e”ts LBG.a. pseudo-first order kinetics and t is the time (min.) of adsorption.
Model Parameters poly(g ADMAC- poly(g ADMAC-co- The rate constant (ki) and correlation coefficient were calculated
co-AMPS) AMPS)/BNT from the plot of log (qe-q) versus t (Fig 8a) and tabulated in Table
n 1.07 1.96 4. It is observed from the data presented in Table 4 that there is no
Freundlich ks 1.14 0.917 close agreement between the values of gecaiand ge exp. Also, the R?
R? 0.999 0.999 (0.97 and 0.95) are lower when compared with the R? values for
Oma(Mg/g)  111.11 10.42 the pseudo second order fit (0.999 and 0.998) for LBG-g-
ir R 0.50 0.06 poly(DADMAC-co-AMPS)  and
Langmuir -y (L/m 0.01 0.14 - : -
RLZ( 9) T 5 AMPS)/BNT respectively showing that the data does not fit well
Kz (L/g) 134 204 with the pseudo first order kinetic model.
Temkin B (JMol)  5.101 1.976
R? 0.88 0.94
= = = 60 4 [ —=— LBG-g-poly(DADMAC-co-AMPS) b
102 = LBG-g-poly(DADMAC-co-AMPS) —®— LBG-g-poly(DADMAC-co-AMPS)/BNT
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Fig. 8:Fit of Adsorption Kinetic Data: a. Pseudo First Order Model and b. Pseudo Second Order Model.

3.5.2.2. Pseudo second order kinetics

The pseudo second order kinetic equation (Ho and McKay,1998)
is expressed as:

t 1

1
=—+=t
qt k2q3

e

(12)

Where ge and q: are the values of dye adsorbed at equilibrium and
at time t respectively (mg/g), k2 is the rate constant (gmg*min-t)
for the pseudo-second order kinetic process and t is the time (min.)
of adsorption. The plot of t/ge vs t (Fig. 8b) gives a straight line
from which it can be concluded that the adsorption is a pseudo
second order Kinetic process. The values of ge, k2 and R? obtained
from the intercept and slope of t/qtvs t plot are presented in Table
4. The R? values are 0.999 and 0.998 respectively for LBG-g-
poly(DADMAC-co-AMPS) and LBG-g-poly(DADMAC-co-
AMPS)/BNT. Furthermore, the values of gecai Obtained from pseu-
do second order are in good agreement with the (eexp When com-
pared to pseudo first order kinetic model.

Table 4: Adsorption kinetic data for IC on Terpolymer gel and the compo-
site

Adsorbent
Parameters LEE3 LEE -
Order poly(DADMAC- poly(DADMAC-co-
co-AMPS) AMPS)/BNT
Qe exp- (MY/Q) 17.36 11.99
Qecal(Mg/g) 10.72 6.27
First ki (min?) 0.005 0.005
R? 0.97 0.95
Qecal(Mg/g) 18.52 12.50
Second ki (gg'min®)  0.001 0.002
R? 0.999 0.998

3.5.3. Comparison of adsorption of IC on to different adsor-
bents

The adsorption capacity of LBG-g-poly(DADMAC-co-AMPS)
and LBG-g-poly(DADMAC-co-AMPS)/BNT towards IC dye was
found to be 18.52 and 12.50 mg/g respectively and were compared
with other adsorbents (Dalaran, et al, 2009; Jiwalak, et al, 2010,
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Carvalho, et al, 2011; Dalaran, et al, 2011; Li, et al, 2012; Ramesh
and Sreenivasa, 2015; Geyikgi, 2016; Zauro and Vishalakshi,
2016; Gopi, et al, 2017) and presented in Table 5. It could be ob-
served that the adsorption capacity of LBG-g-poly(DADMAC-co-
AMPS) and LBG-g-poly(DADMAC-co-AMPS)/BNT is signifi-
cantly higher than some of the adsorbents (Jiwalak, et al, 2010;
Carvalho, et al, 2011;Li et al, 2012;Ramesh and Sreenivasa, 2015;
Gopi, et al, 2017), but is lower than few other materials (Dalaran,
et al, 2009; Dalaran, et al, 2011; Zauro and Vishalakshi, 2016).
Higher adsorption by LBG-g-PDADMAC compared to LBG-g-
poly(DADMAC-co-AMPS) could be attributed to the incorpora-
tion of AMPS which reduces the adsorption due to repulsion be-
tween SOz of the IC and the adsorbent. Similarly, DMAEMA-
AMPS-HEMA/MMT showed higher affinity towards IC com-
pared with LBG-g-poly(DADMAC-co-AMPS)/BNT. The grafting
of the copolymer on the LBG and the nature of the clay (BNT)
could be some of the factors responsible for the low adsorption.

Table 5: Kinetics data for adsorption of IC on Terpolymer gel and the
composite

Adsorbent ?;19 /9) Order  Reference
,I&II?/IGPSQ) QAR A 2nd Present study
k%ﬁ,sg) /pBo,I\lyT(DADMAC-co- 12.50 pid Present study

: d Carvalho, et al,
Zeolite fly ash 1.29 2 (2011)

nd Ramesh and Sreeni-

Mg(OH), 0.05 2 vasa, (2015)
Silk 5.18 2nd Jiwalak, et al, (2010)
PVA/SiO; nanofiber 0.75 2nd Li et al, (2012)
MMT 1841 1 Geyikei (2016)
32/:\':‘5/'\:/"?;? ailies 125 2 Dalaran, et al, (2009)
AA-DEAEMA/MMT 320 s Dalaran, et al, (2011)
PVDF 125 . Gopi, et al, (2017)
PVDF/ChNW 72.6 - Gopi, et al, (2017)
LBG-g-PDADMAC 3/12 - AT ETE VIR

lakshi, (2016)

4. Conclusion

In this work a terpolymer gel consisting of LBG, DADMAC,
AMPS and its composite with BNT clay were made via micro-
wave irradiation. The terpolymer gel without clay component
exhibited remarkably higher swelling at pH 7.0. The swelling
kinetic studies suggested a second order swelling process under
different pH conditions for both gel and its composite. The ad-
sorption of IC on the terpolymer gel and the composite revealed
that LBG-g-poly(DADMAC-co-AMPS) showed higher adsorption
compared to LBG-g-poly(DADMAC-co-AMPS)/BNT. The de-
crease in adsorption of IC on LBG-g-poly(DADMAC-co-
AMPS)/BNT could be attributed to acidic nature of both the IC
and BNT clay which could result in electrostatic repulsion be-
tween the clay composite and the anionic dye. The adsorption data
were observed to fit best into Freundlich model and the adsorption
is found to follow second order kinetic model.
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