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Abstract Gum xanthan/psyllium-based nanocomposite
was prepared by microwave-assisted synthetic method for
the removal of toxic Malachite green (MG) dye from aque-
ous solutions. The nanocomposite was prepared by in situ
incorporation of the K,Zn;[Fe(CN)¢]-9H,O nanoparticles
into the semi-IPN matrix in the presence of ammonium
persulphate and glutaraldehyde as initiator-crosslinker sys-
tem. Liquid uptake efficacy of the hybrid superabsorbent
was enhanced through the optimization of different reac-
tion conditions, including APS = 0.027 mol L glutaral-
dehyde = 0.053 x 1073 mol L™; solvent = 8.0 mL; acrylic
acid = 10.928 mol L™; pH 7.0; reaction time = 60 s and
microwave power = 100 % and its thermal behavior was
evaluated using TGA-DTG-DTA technique. Candidate
nanocomposite was characterized by FTIR, SEM, XRD
and UV-visible spectroscopic methods. Various optimized
parameters for the efficient removal (83 %) of the Mala-
chite green were adsorbent dose of 800 mg, 14 mg L~!
initial dye concentration and contact time of 28 h. Further,
Langmuir and Freundlich adsorption isotherms showed
good applicability in adsorption process of MG onto the
nanocomposite with maximum adsorption efficiency of
3.21 mg g~!. However, for Freundlich isotherm, R*> was
around 0.9947 and value of 1/n was less than 1 for the syn-
thesized nanocomposite which indicated that the Freun-
dlich isotherm was more favorable than Langmuir isotherm
model along with its usability for wide range of dye con-
centrations. The nanocomposite was found to be a potential
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product for dye removal from waste water and could prove
to be a boon for textile sector.
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Introduction

Water is one of the resources with environmental, economic,
social and political impact all over the globe. Nowadays,
water contamination has become a serious environmental
threat and has attracted the worldwide attention. Due to rapid
industrialization and urbanization, toxic pollutants like met-
als, dyes, biodegradable wastes, phosphates, nitrates, hazard-
ous and toxic chemicals, radioactive pollutants and pharma-
ceutical products are entering into the aquatic systems [1]. In
India which is one of the largest producers and end users of
dyes, most of the dyes consumed by industries, such as tex-
tile, dyeing, rubber, paper and pulp, tannery and paint lead to
water pollution. The effluents discharged from such indus-
tries possess high chemical oxygen demand (COD) and bio-
logical oxygen demand (BOD), along with adverse impact
on aquatic life which disturbs the natural equilibrium by
reducing aquatic diversity and photosynthetic activity [2, 3].
Malachite green (MG), a basic cationic dye, has enor-
mous industrial applications including papers, plastics,
textile and pharmaceuticals [4, 5]. It is a stable nonbiode-
gradable dye and the presence of nitrogen in its complex
aromatic structure makes it highly mutagenic and carci-
nogenic in nature [6]. Various physical and chemical tech-
niques, such as precipitation, ion-exchange, coagulation
and flocculation are employed to remove dyes from indus-
trial effluents [7, 8]. Since these processes are not suitable
for extremely soluble dyes [9, 10], therefore sorption is
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considered as most effective method for the treatment of
industrial effluents [6, 11, 12].

Many polymer-based adsorbents have been developed
for the treatment of dye-containing waste water. Modified
and unmodified natural polymers are preferred, because
they are cheap, easily available and eco-friendly in nature.
Recently, modified polysaccharide-based nanocomposites
are widely used as effective adsorbent materials for the
effective removal of toxic dyes. Because of strong inter-
action between inorganic nanofillers and organic polymer
matrices, hybrid nanocomposites exhibit increased surface
area, hydrodynamic radius, improved thermal and mechan-
ical properties [3, 13, 14].

Novelty of this work lies in the preparation of gel nano-
composite embedded with potassium zinc hexacyanofer-
rate (KZnHCF) nanoparticles and in the increase in its
efficiency for the removal of carcinogenic textile dyes
like Malachite green. Moreover, KZnHCF nanoparticles
were prepared in the presence of eco-friendly natural sur-
factant Sapindus mukorossi. Sorption of Malachite green
was found to be in better agreement with the Freundlich
isotherm. Thus, this work deals with the preparation of an
eco-friendly nanocomposite which can be used effectively
for the treatment of textile industrial effluents without any
adverse impact on the surrounding environment.

Experimental
Materials and method

Gum xanthan and psyllium were purchased from Sigma
Aldrich and Sidhpur Sat-Isabgol Factory Gujarat, India,
respectively. Glutaraldehyde and acrylic acid were obtained
from Merck, India Ltd. Sapindus mukorossi was taken from
Jalandhar market. Malachite green dye and ammonium per-
sulphate were procured from SD Fine-Chem Ltd.

Synthesis of nanocomposites

In situ synthesis of nanocomposite was carried out by free
radical polymerization technique. Equal amounts of gum
xanthan and psyllium (1:1, w/w) were dissolved in 8.0 mL
doubly distilled water in a reaction flask and 6.0 mL acrylic
acid was added with constant shaking. The reaction mixture
was kept undisturbed for about 4 h and a definite amount
of potassium zinc hexacyanoferrate (KZnHCF) nanoparti-
cles was imbibed in the soaked reaction mixture. This was
followed by drop-by-drop addition of glutaraldehyde and
ammonium persulphate while stirring the flask contents
continuously. The reaction flask was kept in microwave
for 60 s and the reaction was carried out under optimized
reaction conditions. After the completion of reaction, the
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homopolymer was removed through extraction with water.
The final product was dried in a hot air oven at 50 °C till
constant weight was obtained.

Liquid uptake studies

Liquid uptake behavior of synthesized nanocomposite was
studied at definite time intervals. A known amount of sam-
ple was immersed in 30 mL distilled water and the increase
in weight was noted after every 4 h. Residual surface water
was wiped-out using filter paper. The process was repeated
until equilibrium was achieved.

The percentage swelling (Ps) was calculated as per
Eq. (1) [15]:

—Wa 100
— X
W )
where, P, = percentage swelling; W, = weight of swollen
sample; W, = weight of dry sample.

Dye sorption studies

Adsorption equilibrium was studied for sorption of MG dye
on the nanocomposite adsorbent with the help of UV-Vis
spectrophotometer. The various process parameters such
as adsorbent dose, contact time and initial concentration of
dye solution were optimized with respect to percentage dye
removal. Contact time was optimized by immersing 500 mg
of nanocomposite in 50 mL aqueous dye solution (12 mg
L~!) and the graph was plotted by percentage dye removal
versus contact time. Sorption of MG dye by the nanocom-
posite was studied at different time intervals of 4, 8, 12, 24
and 28 h by measuring the concentration of dye solution
using an Agilent UV-Vis spectrophotometer. Efficiency of
the nanocomposite for the sorption of MG dye from aque-
ous solution was calculated through Eq. (2) [16, 17]:

Co — Ce

Removal efficiency (%) = . 2)
o

where, C, = initial concentration (mg L’l); C, = equilib-
rium concentration (mg L") of unabsorbed MG remained
in aqueous solution.

Optimization of adsorbent dose was done by varying the
amount of adsorbent from 400 to 800 mg at pre-optimized
contact time. Dye concentration was varied between 12 and
20 mg L~ to study the effect of dye concentration. Pre-
optimized amount of nanocomposite was taken in 50 mL
of MG dye solution. The adsorption of MG dye per unit
mass of the adsorbent nanocomposite was calculated using
Eq. (3) [16, 18]:

Co — Ce

XeszV (3)
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where, X, = equilibrium adsorption of MG per unit mass of
adsorbent; V = volume of dye solution (L); W = weight of
adsorbent.

Characterization

The graft copolymerization of polyacrylic acid chains onto
the hybrid backbone and in situ incorporation of KZnHCF
nanoparticles into synthesized polymer matrix were con-
firmed by different characterization techniques, including
UV-visible (Agilent Cary 100 UV-Vis spectrophotome-
ter), FTIR (Agilent Technologies Cary 630 spectrophotom-
eter taken at 4000 to 400 cm™! using KBr pellets), XRD
(Broker AXS, X-ray diffractometer), SEM (LEO-435VF,
LEO Electron Microscope) and transmission electron
microscopy (TEM: Hitachi H-7500 instrument operating at
120 kV).

Thermal studies

Thermal behavior of the nanocomposite in relation to the
polymer matrix and hybrid backbone was studied through
TGA-DTA-DTG techniques in air at a heating rate of 10 °C
min~! on a SIT EXSTAR 6000 TG/DTA 6300 system.

Results and discussion

Incorporation of polyacrylic acid chains onto hybrid back-
bone takes place through covalent bonding. -OH, -COOH,
and —CH, functional groups are the active sites where graft-
ing occurs. Moreover, during in situ synthesis of nanocom-
posite under pre-optimized reaction conditions, interaction
between inorganic nanoparticles and the polymer matrix
takes place both through primary and secondary bonding
forces. Mechanism for the synthesis of nanocomposite is
depicted in Scheme 1.

Optimization of various reaction parameters

To attain the maximum (690.8 %) liquid uptake effi-
cacy, different reaction parameters optimized were
APS = 0.027 mol L~; glutaraldehyde = 0.053 x 107> mol
L' solvent = 8.0 mL; acrylic acid = 10.928 mol L L pH
7.0; reaction time = 60 s and microwave power = 100 %
(Fig. 1).

It has been observed that initial increase in mono-
mer, initiator and crosslinker concentrations resulted in
increased liquid uptake capacity of the sample. However,
after reaching the maximum liquid sorption capacity, fur-
ther increase in the concentration resulted in decreased
liquid sorption. This may be due to the predominance of
homopolymerzation over graft copolymerization along

4 Gx-Psy+ KZnHCF "
(NH,4),S,05
fy " ;
H,0 f Acrylic acid
2 +
_ \Glutaraldehyde
‘'OH + HSO, + SO
MW irradiation
RN o
LR S
’ e o
Too (l)l (|)| o
H
(Gx-Psy)}-0—TCH—C A}C —(CH),—C 4{0“ —C“z]““”s*e"
7 | L& ly |
! coo- Coo o
s, R 3
.—l— n I do s n
cI:H2 St hidad CH,
O——CO00’ Sty
T e, fs "00C—CH
+ Sasad
\—'—4 4 :4 +eet P4 " ¢c=—o0
e * ;
o=¢C R ity ity *os? l
i Pl ¥ &h °
) VP 'o..: *4-4.0‘ &
»::E g
o
I e ”‘Mo :0 *4 l
p- \ b 4 g C—0
o=—=C o] b - 3 .
—— teas -0o¢ CH
<|:H —CO00 |
o 4y (o]
- : 'z 4" '*o s
2 A
¢ gog ¢Bor ‘f
(Gx.Psy).O—[CHQ—S +(|:| —(CHy);—C ——CH—CH, +O-(Psy-Gx)
| n (o) (l)l R !
doo Co0
e g
- + [eyey " : f
ol ™% —— KZnHCF nanoparticles —2
i + + +F
\. b 4 J/

Scheme 1 Mechanism for the synthesis of hybrid nanocomposite

with intense-rigid structure formation with excess cross-
linking, thereby resulting in decreased liquid sorption [19].
Volume of reaction medium was found to play an impor-
tant role in attaining the maximum liquid uptake capacity.
Initial increase in solvent volume resulted in easy approach
of free radicals to the functional group of backbone and
generation of active sites for grafting with polyacrylic
acid chains. However, further increase in solvent volume
beyond optimum liquid sorption decreased the concentra-
tion of free radicals, thereby resulting in less grafting and
lower liquid uptake capacity [20]. Similarly, with initial
increase in microwave power and reaction time there was
an increase in liquid uptake. However, further increase
in these parameters beyond optimum value resulted in
reduced liquid uptake. This may be due to an excessive
cross-linking on exposure to microwave for longer duration
resulting in formation of a compact nanocomposite with
lesser liquid uptake capacity [19].

Percentage liquid uptake was observed in different
pH solutions ranging from 3.0 to 11.0, prepared by stock
solutions of HCl and NaOH. Maximum liquid uptake of
690.8 % was observed at pH 7.0. However, lower sorption

gslppl @ Springer



Iran Polym J (2016) 25:787-797

Swelling (%)

0.020

0.025 0.030 0.035 0.040
Initiator concentration (moIL")

0.045

Swelling (%)

500

(b)

400+
3004
2004

100 4

6 7 8 9 10 11
Solvent (mL)

12 13

14

b
5 6 7 8 9 10 11 12
Monomer concentration (molL™)

T
13

15

Swelling (%)

Swelling (%)

180+
160
1404

R
N A O ® O N
© © © © © ©
I I 1 I 1 1

()

Time (s)

200 4

-

@

o
1

100 4

50 4

12

o (@ w{(e)
600
o 2004 —_
x € 500
N St
(@] 400
150 4 [@)]
£ £
= = 300
[}
> 100- g
200 4
€N %)
50 - 1004
o D e s
70 80 90
Microwave power (%)
300
250+
~
R 2001
i
(o))
£ 150
©
= 100
wn
50

0.04
Crosslinker concentration (molL™)

0.05

0.06

0.07 0.08 0.09

Fig. 1 Optimization of a initiator concentration; b reaction medium volume; ¢ microwave time; d microwave power; e monomer concentration;
f pH of the reaction medium; and g crosslinker concentration as a function of percentage swelling

was obtained in acidic and basic media (Fig. 1). This can be
illustrated by osmotic pressure swelling theory described in

Eq. (4) [21]:

Mion = RT X [Cy— G| )

where, Cg = molar concentration of mobile ions in swollen
sample; C; = molar concentration of mobile ions in external
fluid; R = universal gas constant; 7 = absolute temperature.

In neutral medium, more extensive polymeric structure
was formed due to repulsions between different polymeric
chains of synthesized superabsorbent, possessing —COO™
groups resulting in increased liquid uptake. Thus, C, has
lower value as compared to C, and has higher IT,,, value.
In acidic medium, H™ ions hindered the repulsion between
—COO™ groups present on polymeric chains which resulted
in lower value of Cg and IT. . Similarly, in basic medium,

on*
the Na® ions produced a screening effect between the

%IPPI @ Springer

repulsing chains possessing —COO™ groups leading to
lower C, and IT;,, value. Hence, lower liquid uptake was

found under acidic and basic conditions.
Thermal studies

TGA of hybrid backbone showed different stages of
decomposition with initial decomposition temperature
(IDT) at 239.2 °C and final decomposition temperature
(FDT) at 536.32 °C (Table 1). DTA showed exothermic
decomposition at 471.7 °C (116.4 uV). DTG data exhibited
rate of decomposition to be 1.81 mg min~! at 283.6 °C and
0.34 mg min~" at 480.2 °C.

The rate of decomposition of KZnHCF nanoparticles was
slow under 101.3 °C and comparatively faster decomposi-
tion was observed in the range 101.3—421.2 °C with a mass
loss of about 12.6 %. Thereafter, nearly 29 % mass loss was
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Table 1 Thermogravimetric analysis of hybrid backbone, KZnHCF nanoparticle and nanocomposite

Sample code TGA

DTA DTG

IDT  Ist stage decomposi-
(°C) tion, °C (%wt. loss)

2nd stage decomposi- FDT
tion, °C (%wt. loss)

Exothermic peaks at different Decomposition tempera-
(°C)  decomposition temperatures, ture, °C (rate of wt. loss in

°C (WV) mg min~h)
1st 2nd Ist 2nd
Hybrid backbone  239.8 239.8-303.9 303.9-536.7 (37.1 %) 536.7 286.2(27.9) 471.7(116.4) 283.6 (1.81) 480.2 (0.34)
(37.1 %)
KZnHCF 101.3 101.3-421.2 421.2-734.6 (29 %) 734.6 423.7(0.13)  705.2 (0.070) 424.6 (0.329) 711.1(0.159)
nanoparticles (12.6 %)
Nanocomposite 189.4 189.4-272.1 (30 %) 272.1-629.4 (60.7 %) 629.4 270.1 (—4.73) 513.8 (101.5) 260.7 (0.976) 410.2 (0.551)

IDT initial decomposition temperature, FDT final decomposition temperature, TGA thermogravimetric analysis, DTA differential thermal analy-

sis, DTG differential thermogravimetric

observed from 420 to 734 °C, which could be attributed to
the loss of cyanide moiety. The higher FDT of nanopar-
ticles than the backbone can be explained on the basis of
inorganic crystalline nature of the former [13]. DTA studies
showed exothermic peak at 705.2 °C (0.070 uV) and rate of
decomposition was found to be 0.329 mg min~" at 424.6 °C
and 0.159 mg min~! at 711.1 °C.

In case of nanocomposites, IDT (204.7 °C) was found to
be lower than that of backbone. However, FDT of nanocom-
posite was higher (630.7 °C). DTA analysis revealed exo-
thermic peaks at 507.1 °C (131.2 wV). The rate of weight
loss of nanocomposites was found to be 1.544 mg min~" at
264.7 °C, which was lower than that of backbone. In case of
hybrid backbone, KZnHCF nanoparticle and nanocompos-
ite, DTA and DTG data have been found to support the TGA
analysis, and hence were in conformity with TGA data.

Analysis of nanocomposite
FTIR spectroscopy

FTIR spectra of hybrid backbone, nanoparticle and nano-
composite are depicted in Fig. 2. In case of backbone,
the main peaks were observed at 3285 (—-OH stretching),
1706 (—C=O0 stretching) and 1019 cm~! (C-0 and C-O-C
stretching vibrations), KZnHCF nanoparticles exhibited
peaks at 3635 cm™! due to the presence of —OH group, and
at 2093 (—-C=N stretching), 1601 (H-O-H) bending, 597
(Fe—C stretching) and 498 cm™! (Zn-N stretching) [22].
In case of nanocomposite, additional peaks were observed
at 2938 (C-H stretching), 1704 (C=O stretching) and
1162 cm™! (—-C—O-C stretching) [13, 23, 24].

X-ray diffraction studies

The confirmation of the presence of KZnHCF nanoparticles
in the polymer matrix was carried out through the powder

\—Hybrid backbone|

Transmittance (%)

3000 2500 2000 1500 1000 500

Wavenumber (cm™)

4000 3500

Fig. 2 FTIR spectra of a hybrid backbone; b KZnHCF nanoparticles;
and ¢ nanocomposites

X-ray diffraction studies (Fig. 3; Table 2). XRD pattern
of KZnHCF nanoparticles, experimental interplanar spac-
ing and relative intensity of the resultant compound were
matched with JCPDS values (JCPDS card no. 33-1061)
and the presence of KZnHCF particles was ascertained.
Presence of sharp peaks indicated crystalline nature of
nanoparticles [24]. XRD pattern of backbone depicted its
semi-crystalline nature. However, grafting with polyacrylic
acid chains and glutaraldehyde cross-linking resulted in
increased crystallinity which further was enhanced on rein-
forcement with KZnHCF nanoparticles [25].

Scanning electron microscopy

Changes in the morphology of hybrid backbone were
quite evident from SEM studies. SEM image of backbone

gslppl @ Springer
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Fig. 3 XRD pattern of a hybrid backbone; b KZnHCF nanoparticles;
and ¢ nanocomposite

showed no deposition of polyacrylic acid chains and no
cross-linking was observed. However, the SEM of nano-
composite revealed the cross-linking between polysaccha-
ride chains of the hybrid backbone and grafted polyacrylic
acid chains through glutaraldehyde along with the impreg-
nated KZnHCF nanoparticles.

Grafting of polyacrylic acid chains onto hybrid backbone
and cross-linking through glutaraldehyde resulted in phys-
icochemical interactions between polyacrylic acid chains,
polysaccharide chains of backbone and the crosslinker
giving rise to the formation of three-dimensional network
which was further strengthened through in situ incorpora-
tion of KZnHCF nanoparticles. All these physicochemical
changes are quite evident from the SEM images of the syn-
thesized nanocomposite. SEM images clearly indicated that
morphological changes have taken place in the features of
backbone after grafting, cross-linking and incorporation of
nanoparticles (Fig. 4).

Transmission electron microscopy
The exact size and shape of KZnHCF nanoparticles

were investigated using TEM. Cubic-shaped nanostruc-
tures with size ranging around 100 nm were found to

be uniformly dispersed. Slight agglomeration was also
observed [24] (Fig. 5)

Sorption studies of Malachite green dye
onto nanocomposite

Adsorption mainly depends upon the nature of adsorbent.
Adsorption capacity is directly related to the surface area
of adsorbent which in turn affects the physicochemical
properties. The synthesized nanocomposite showed higher
adsorption capacity because of the presence of increased
pore diameter and pore volume which ultimately resulted
in increased surface area. Thus, nanocomposite was found
to exhibit higher dye uptake capacity [20, 25].

Malachite green is a cationic dye carrying positive
charge on nitrogen atom. This positively charged moiety
undergoes ionic interaction with the anionic functional
groups present on the nanocomposite resulting in dye
removal from the aqueous solution. The greater degree
of sorption of MG on the nanocomposite could also be
explained on the basis of cation exchange process along
with ionic interaction. Through cation—cation exchange
process the MG dye molecules replace the positively
charged entities of KZnHCF and undergo coordination
with the -COO™ groups of the polymer matrix. The faster
cation exchange reactions and ionic interactions lead to
more efficient removal of MG molecules from the solu-
tion. The mechanism of dye removal has been depicted in
Scheme 2.

Optimization of different dye sorption parameters
Contact time

To calculate the shortest possible time for maximum
removal of dye the contact time was optimized. Initially
with increase in contact time the rate of dye removal was
higher which was because of the availability of the active
sites on the nanocomposite adsorbent [25]. About 67 % dye
removal was observed in 12 h and maximum dye removal
(82 %) was attained in 28 h (Fig. 6).

Adsorbent dose

Good adsorbents have the capacity to remove high amount
of adsorbate at lower dose value. Optimum adsorbent dose

Table 2 XRD studies of hybrid

B (FWHM) at 26-scale Intensity (a.u.) % Crystallinity

) Sample code 26 (degree)
backbone and nanocomposites
Hybrid backbone 18.08 £ 0.02
Nanocomposite 20.54 £ 0.06

18.05 + 0.08
32,12+ 0.24

528.5
470.5

53+23
94+ 1.7

FWHM full width half maxima
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Fig. 4 SEM images of a back-
bone; b KZnHCF nanoparticles;
and ¢ nanocomposite
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Fig. 5 TEM of KZnHCF Nanoparticles [24]

was found to be 800 mg with 83 % removal of MG dye.
With increase in adsorbent dose there was proportionate
increase in surface area with increased available active sites
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for adsorption through ionic interactions and cation—cation
exchange. However, beyond the optimum adsorbent dose,
reduction in dye removal was found which may be due to
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Scheme 2 Removal of Mala-
chite green dye by nanocompos-
ites: a cation—cation exchange;
and b ionic interactions
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the saturation of adsorption sites with MG dye molecules
(Fig. 6) [12].

Initial dye concentration

Adsorption isotherms deal with the adsorption capacity of
adsorbents for the adsorbates, analysis of adsorption equi-
librium and degree of feasibility of adsorption process
with respect to the initial concentrations. The variation of
adsorption of MG dye onto adsorbent nanocomposite was
studied with varying concentrations ranging from 12 to
20 ppm at ambient temperature. The optimum initial dye
concentration was found to be 14 ppm. The mechanism of
adsorption process at lower initial concentrations shows
that a large number of sites are available to adsorbate and
maximum adsorption occurs due to more solid-liquid
physicochemical interactions. At higher initial concen-
trations, available adsorbent sites for adsorption become
saturated and adsorption equilibrium is attained (Fig. 6).
Thus, at lower initial concentrations, more number of dye

g?lppl @ Springer

molecules of the bulk solution are transferred to the surface
of adsorbent nanocomposite and occupy maximum number
of available sites, thereby favoring the adsorption process
[12, 26, 27].

Adsorption isotherms

To study the adsorption behavior of adsorbate onto adsor-
bent, Langmuir adsorption isotherms and Freundlich
adsorption isotherms were used in the present investigation
for the removal of MG dye from waste water.

Langmuir adsorption isotherms

Langmuir adsorption mainly indicates the homogenous
monolayer adsorption. Initially, adsorption on nanocom-
posite utilizes maximum number of available sites. Thus,
adsorbent has a maximum level of liquid uptake capacity at
adsorption equilibrium. Langmuir adsorption isotherm can
be expressed by Eq. (5) [16, 28]:
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Xm-b-C

.= m e 5)
1+b-Ce

where, X, = amount of adsorbed dye at equilibrium

(mgg™h); X, = maximum adsorption capacity of the adsor-
bent; C, = equilibrium concentration of the dye; b = Lang-
muir constant which relates with adsorption energy.

The essential characteristics of Langmuir isotherm is the
monolayer adsorption of dye molecules on nanocomposite
adsorbent and in terms of linear form can be expressed by
Eq. (6) [22, 29]:

Ce 1 Ce

Xe_Xm-b+Xm

(6)
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From the graph of C./X, vs. C,, the values of Lang-
muir constant () and maximum adsorption capacity (X,,)
can be calculated. For the adsorption of MG dye by the
nanocomposite, value of b and X, are found to be 4.16 L
mg~! and 3.21 mg g™, respectively. The correlation coef-
ficient (R%) was 0.91409 for Langmuir adsorption isotherm
that depicted feasible adsorption behavior of MG dye onto
nanocomposite (Fig. 7). Dimensionless constant called the
separation term (R ) was calculated to know feasibility of
Langmuir adsorption isotherm using Eq. (7) [16]:

1

RL=—r
L 1+ b6C, ™

where, R, = separation term, C, = initial concentration of
dye solution (mg L™"). R, values give the nature or behav-
ior of uniform adsorption process, i.e., 0 < R, < 1: favora-
ble; R, > 1: unfavorable; R; = 1: linear and R; = O: irre-
versible. The R, values for the adsorption of MG dye on
nanocomposite lie between 0 and 1 which indicates that
Langmuir adsorption isotherm follows a favorable adsorp-
tion process [22].

Freundlich adsorption isotherm

Freundlich adsorption isotherm is obeyed by the adsorp-
tions where the adsorbate forms a multi-molecular layer on
the surface of the adsorbent. It means nonuniform distribu-
tion of MG dye molecules on the heterogeneous surface of
nanocomposite adsorbent. The Freundlich isotherm can be
represented by Eq. (8) [30]:

Xe = Ki- C/" ®)

where, X, = equilibrium amount of dye adsorbed per unit
mass of the adsorbent (mg g~ 1); Ky = Freundlich isotherm
constant; C, = equilibrium dye concentration; n = dimen-
sionless constant known as heterogeneity factor.

The linear equation for Freundlich isotherm in natural
logarithm form can be given by Eq. (9) [31]:

1
InXe =InKg+ - -InCe C))
n

From the plot InX, vs. InC,, K and n can be calculated
from intercept and slope of curve, respectively. From the
graph of Freundlich isotherm, values Ky and n were 0.47
and 1.26, respectively, where R* comes to be around 0.9947
for nanocomposite indicating that this isotherm is more
favorable in case of nanocomposite (Fig. 7). If 1/n > 1, in
that case adsorbent is usable for higher dye concentration.
However, if 1/n < 1 under such circumstances adsorbent is
usable for entire range of dye concentration [32]. There-
fore, the value of 1/n shows the applicability of the used
adsorbent over the concentration range of the dye solution
that gives significant importance to Freundlich adsorption

g?lppl @ Springer

isotherm. In case of the adsorption of MG dye on nano-
composite, 1/n is found to be less than 1, which specifies
that the MG dye adsorption is totally applicable for a wide
range of dye solution concentrations.

Conclusion

A novel nanocomposite of gum xanthan-psyllium as hybrid
backbone was synthesized through in situ incorporation
of KZnHCF nanoparticles which was evaluated for the
removal of Malachite green dye from the aqueous medium.
Langmuir and Freundlich adsorption isotherms showed
good applicability to the adsorption process of MG onto
the nanocomposite with maximum adsorption efficiency
of 3.21 mg g~!. Freundlich isotherm R? was around 0.9947
and value of 1/n was less than 1 for the synthesized nano-
composite, indicating that the isotherm was more favorable
and clearly depicted multi-molecular layer adsorption of
MG dye onto adsorbent surface along with its usability for
a wide range of dye concentrations. The synthesized nano-
composite device can be of great importance from industry
point of view.
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