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The present study explores the process of adsorption by Nutraceutical Industrial Fennel Seed Spent
(NIFSS), a byproduct of Nutraceutical Industry, for the removal of Malachite Green (MG), a toxic
cationic dye. In this process, the effect of various factors like initial dye concentration, adsorbent
dosage, temperature, pH and particle size were studied. The experimental equilibrium data were
analyzed using Langmuir, Freundlich and Tempkinisotherms. The adsorption kinetics of pseudo-
first order, pseudo-second order models were used for the kinetic studies. The value of maximum
adsorption capacity (q,, = 103.09 mg/g) was close to the experimental value (q. = 98.0mg/g), and
correlation coefficient (R%) 0f0.964. The experimental data fitted very well to pseudo-second order
kinetic model. The values of thermodynamic parameters like AG’, AH’and AS° indicated that
adsorption was almost spontaneous and endothermic in nature. The low value of AH® suggests that
the process is predominantly a physical one. From the Fourier-transform Infrared Spectroscopy

(FTIR) spectra and scanning electron microscopy (SEM) images, it was apparent that MG is
adsorbed onto NIFSS. Possible mechanisms of interaction that occur in MG-NIFSS system are
discussed. Experimental results suggest that NIFSS is a fast and effective adsorbent for removing

MG from aqueous solutions.

Copyright © Razia Sulthana and Akheel Ahmed Syed, 2018, this is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided

the original work is properly cited.

INTRODUCTION

One of the major problems concerning textile industries, which
accounts for the consumption of two-third of dyes production,
is the disposal of colored waste water which contains a variety
of organic compounds, dyes and toxic substances. The colored
waste stream disturbs the aesthetic nature, and interferes with
the transmission of sunlight which hinders the photosynthetic
activity. Removal of dyes by conventional waste treatment
methods is difficult as they are stable to light and oxidizing
agents and resistant to bacteria (Gupta et al., 1997).Methods
reported in the literature for removal, degradation and/or
detoxification of dyes are unsatisfactory for one reason or the
other. The reported methods are broadly classified as; 1)
biological, ii) chemical, iii) electrochemical, iv) photochemical
and v) physical. These methods are selective, expensive,
require dedicated infrastructure and produce copious amounts
of waste. Amongst the physical methods, adsorption is
considered as an efficient process because of its simplicity in
operation, eco-friendly and low-cost of operation.

*Corresponding author: Akheel Ahmed Syed

Adsorption on activated carbons has been proven to be very
effective in removing dyes from aqueous solutions. However,
exorbitant cost is the serious limitation. Currently the research
is focused on the development of low-cost adsorbent. Large
varieties of low cost adsorbents used for adsorption include
natural, agricultural, and industrial by product and/or waste
(Hameed & Khaiary, 2008).Development of economical and
eco-friendly adsorbents for dye removal from aqueous solution
is of paramount importance. Thus, attempts were made in this
study to develop inexpensive and ecofriendly spent obtained
from nutraceutical industries for the removal of dye from
aqueous solutions. The nutraceutical industrial spent (NIS)
generated has no manurial, fertilizer and/or feed value since it
underwent thermal, mechanical and chemical processes. Thus,
disposal of large amounts of waste/spent generated by
nutraceutical industries is a herculean task. Presently, it is used
as a fuel in boilers. Due to porous structure, it shows low
calorific value which enhances the carbon foot print.
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Nutraceutical industrial sector, is one of the leading sectors in
the US and Asia-Pacific regions and its market is estimated to
rise to US$ 278.96 billion by 2021, recording a CAGR of 7.3%
for the period 2015-2021 (www.prnewswire.com 2015).
Though there are no official estimates on the volume of
renewable biomass available for processing, the rough estimate
of waste/spent available may run into millions of tons per year.
The spent generated in nutraceutical industries are ideal
adsorbents for the remediation of dyes from textile industrial
effluents. An ideal biosorbent for remediation of dyes should
have the following characteristics: It should be available in
abundance and cheap; it should have no or minimal other use(s)
which may otherwise increase its price due to demand; it
should have ready-to-use quality without any pre-chemical
treatment; and it should have pore structure which permits
better adsorption

Fennel (Foeniculumvulgare) is an herbaceous plant, reaches
up to 2 m height belongs to the family Umbelliferae. India is
the largest producer of fennel seed with a production of 11 x
10* tons per year (Bhattacharya & Sharma2004) and it is a
rich source of dietary fiber. Fennel contains 1-3% volatile oil
(http://www.spices.res.in/spices/fennel.php); and has a wide
variety of vitamins, minerals, essential oil compounds, fiber,
protein, and antioxidants, which prevent oxidative stress
damage and strengthen the immune system. Extraction of
principle component(s) from fennel leaves behind a large
amount of spent which is used in the present study as a cheap
and biodegradable adsorbent in the present study.

Our research school is the first to report the use of NIS asfiller
material in the fabrication of thermoplastic and thermoset
composites and as effective adsorbents for remediation of
Congo red, methylene blue and ethidium bromide dyes (Taqui
et al, 2017, Papegowda & Syed 2017 and Sulthanaer al,
2017). Despite thousands of research papers have been reported
on the use of low—cost agriculture waste as biosorbent for the
remediation of waste, a very little information is available on
the use of dye adsorbed biosordent commonly known as
“sludge”.

In continuance, we are reporting the use of NIFSS as a
potential and low-cost biosorbent to remove toxic and cationic
MG dye from aqueous solution and industrial effluents. The
proposed template can be extended as a sustainable technology
to treat effluents of textile industry as the process is simple,
economical and eco-friendly. Being a sustainable technology it
will make an impact on the economic viability and social
relevance to address the environmental aspects of human
society as the resultant sludge finds use as filler material for the
fabrication of thermoplastic and thermoset composites as
demonstrated by our research school (Pashaeiet al., 2011; Syed
& Syed 2016; Syed & Syed 2016a; Syed & Syed 2012; Syed et
al., 2011; Syed et al., 2010; Syed et al, 2010a; Syed et al.,
2009).

Malachite green belongs to the class of triphenylmethane
(TPM) dyes, widely used for the dyeing of leather, wool and
silk, distilleries, jute, paper, as a food-coloring agent, food
additive, in medical disinfectant and fish industries (Kumar et
al, 2005; Gupta et al, 2004; Culp & Beland
1996;Velmuruganet al.,2011). However, it is highly cytotoxic
and carcinogenic to mammalian cells and acts as a liver tumor

promoter. It decreases food intake capacity, growth and fertility
rates in human beings. It causes damage to liver, spleen, kidney
and heart; inflicts lesions on skin, eyes, lungs, and bones
(Chowdhury et al.,2011).Therefore, effective treatment should
be done prior to discharge into water bodies The objectives of
our present study were to investigate the potential and
effectiveness of NIFSS as a low cost adsorbent for the removal
of MG from aqueous solutions and design of a template for
sustainable technology.

MATERIALS AND METHODS
Adsorbate preparation
Malachite  green  oxalate, CI. Basic green 4,

[M.F.=Cs5,H54N40,,M.W.=927.00, A;.,=6018nm].was procured
from sigma Aldrich Private Ltd, Mumbai, India. A stock dye
solution of 1000 mg/L. was prepared by dissolving required
amount of dye in double distilled water. The experimental
solution of desired concentration was obtained by successive
dilution of stock solution. A number of standards were also
prepared from the stock solution and calibration curve was
drawn by measuring the absorbance at 618 nm of the solution.
The molecular structure of the MG is illustrated in Figure 1.

+

(HaC)oN N(CHs)2

Figure 1Structure of Malachite green
Adsorbent preparation

Nutraceutical Industrial Fennel seed spent (NIFSS) used
in this study was procured from local industry. The
material was dried in an oven at 60° C for 24 h. The dried
spent material was ground to fine powder and sieved through
ASTM 80 mesh to obtain particle size of < 177 um, and stored
in the plastic bottles for later use. No other chemical or
physical treatments were used prior to adsorption
process.

Surface characterization of spent

The surface morphology of NIFSS was visualized by a
Scanning Electronic Microscope (Zeiss Scanning Electron
Microscope Evo/LS15, Germany). The functional groups
present in the adsorbent were identified by FTIR. Infrared
spectra of the NIFSS before adsorption of MG and the MG-
loaded samples were obtained using a FTIR spectrometer
(Inter-spec 2020, Spectro Lab, UK). Point of zero charge
(pH,) was determined to ascertain the surface charge of
NIFSS.

Adsorption experiments

Adsorption of MG from aqueous solution using NIFSS was
investigated by batch method. The effect of various factors
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such as initial dye concentration, adsorbent dosage,
temperature, pH and effect of particle size was studied. Batch
adsorption experiments were carried out by adding a fixed
amount of NIFSS (50mg) into 250ml Erlenmeyer flasks
containing 50ml of initial dye concentration (200mg/L).
The flasks were agitated in a (Kemi orbital Shaker, India)
at 170 rpm at room temperature 25+2°Cfor 180 min, until
equilibrium was reached. Adsorbent was separated from
the aqueous solution centrifuge at 8000 rpm for 10 mins,
and then the concentrations were measured by a double
beam UV/vis spectrophotometer (Perkin Elmer- Lambda
25, USA) at 618 nm. The adsorbed amount of MG at
equilibrium q.(mg/g) was calculated by using equation

).

4
e = (Co— Co)yyy e (1)

Where, Cy and C, are concentrations (mg/L) of MG at initial
and equilibrium respectively, V is solution volume (L) and W
is adsorbent weight (g).

For kinetic studies, the same procedure was followed, but the
aqueous samples at pre-set time intervals. The concentrations
of MG were similarly measured. The amount of MG
adsorbed at any time, qt(mg /g), was calculated using
equation (2).

|4
q: = (Co — Ct)W e (2)

Where, Ct (mg /L) is the concentration of MG at any time.
Initial concentrations of 50, and100 mg /L of the dye and an
adsorption time of 60 min (5 min intervals) were studied. For
the optimum amount of adsorbent per unit mass of adsorbate,
a 50 ml of dye solution was contacted with different amount
of NIFSS (0.025-0.200 g/L) till equilibrium was attained.

To find out the influence of pH on dye adsorption, 50mg
of NIFSS along with 50ml of dye solution of
concentration 200mg/L were agitated using orbital shaker.
The experiment was repeated with varying pH values
ranging from 2-12.Agitation was continued for 180 min.
Contact time was sufficient to reach equilibrium with
constant agitation speed of 170 rpm. At equilibrium the
dye concentration was measured using double beam
UV/vis spectrophotometer at 618 nm. The pH was
adjusted with dilute HCI and or NaOH. Solution pH was
determined by pH meter (Systronics 802, India). The extent
of removal of dye was determined by following equation

A3).
(Co - Ce)

Dye removal % = C x 100 v (3)
]

Adsorption isotherms and kinetics

Adsorption isotherms describe the interaction between the
adsorbate and the adsorbent in any system. The results of
different parameters as applied under different models provide
information about the interaction mechanisms, surface
properties and affinities of the adsorbent. The controlling of the
adsorption process was determined by fitting experimental data
with pseudo-first-order and pseudo-second-order kinetics. The
controlling mechanism of the adsorption process was found by
fitting the experimental data with the appropriate kinetic
equation.

Thermodynamic parameters

Energy and entropy of a process help to understand feasibility
and mechanism of the adsorption process. In the present study,
thermodynamic parameters, including standard free energy
(4G, enthalpy change (4H") and entropy change (4S") were
estimated by using a rate law as well as kinetic data to evaluate
the extent and enthalpy of the adsorption process.

Statistical optimization by Response Surface Methodology
using Central Composite design

The effects on the final adsorption capacity was described from
adsorption time (A), process temperature (B), Initial dye
concentration (C), adsorbent dosage (D) and pH (E). A
standard experimental design was set up with 5 factors at 2
levels Table 1. ANOVA was conducted and a general quadratic
regression equation was obtained. Using this equation
optimization was done based on the central composite design.
Surface and contour plots indicated the effect of individual as
well as interaction between parameters on the adsorption
capacity.

Table 1 Experimental design of high and low levels of
different factors studied

Factor Name Units  Minimum _ Maximum
A TIME min 0 180
B Temperature °c 27 50
C Concentration mg/L 25 500
D Absorbent dosage g/L 0.025 0.2
E pH 2 12
RESULTS AND DISCUSSION

Surface characterization of spent
Scanning Electron Microscopy

SEM was used to study the NIFSS morphology prior to MG
adsorption and after MG adsorption. SEM images show the
texture and porous structure of NIFSS which enhances the
adsorption of dye as shown in Figure 2a.

The SEM image show of the NIFSS after adsorption where all
the pores and void between the spaces have covered by the dye
adsorbed on its surface Figure 2b.

Figure2a SEM image of NIFSS
before adsorption.

Figure 2bSEM image of NIFSS
after adsorption.

FTIR Spectroscopy

The FTIR spectroscopy was employed to analyze the possible
interaction between NIFSS and MG. The FTIR Spectra were
recorded before and after adsorption of MG on NIFSS to
determine the vibrational frequency changes for the
functional groups in the adsorbent. Changes in the intensity
and shift in position of the peaks were observed in the spectra
after MG adsorption on NIFSS Figure 3.
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Figure 3 FTIR spectra of MG and NIFSS before and after adsorption.

The broad band around 32845 cm™ was attributed to the surface
hydroxyl groups, linked in cellulose and adsorbed water (Haris
and Sathsivam 2009),bands at 2925 cm™ 2855 cm™ are due to
the stretching vibrations of -CH bonds in alkane and alkyl
groups. Whereas, band at 1616 cm™ was due to C=C stretching
of olefins. The band at 1411 cm™ indicates methyl groups. The
band at 1104 cm™ was due to the presence of cellulose present
in adsorbent After adsorption, increase in the band at 3377 cm’!
of hydroxyl group confirms that MG adsorption on NIFSS.
Band at 2925 cm™ is shifted to 2932 cmcorresponds to C-H
stretching in methyl and methylene, where carbon is bonded
with hydrogen bonds and the band at 1616 cm'is decreased to
1523 ¢cm’ due to C=C stretching. The band at 1411 has
decreased to 1347 cm™ after adsorption may be attributed due
to CH; group of MG and C,y-N bond (Jain & Jayaram 2010).
and a band at 1482 cm™ was observed for the -CH stretching
and for C=N at 1573cm™ The band at 1104 cm™ has decreased
to 1061 cm™ after adsorption the results suggested that some of
the peaks got shifted or disappeared and new peaks were
detected. These changes in the spectrum may be due to
involvement of those functional groups during adsorption
process. The absorption bands between 1000 cm™ and 600 cm™
changed after the chemical modification. These observations
confirm the interaction between MG and adsorbent (Zhang et
al.,, 2011).

pH Initial
pH Final

— "
E -— "
= o .?_/

R %

pPH Initial

Fig 4 Point of zero charge of NIFSS

Point of Zero Charge

In order to determine Point of Zero Charge (pH,, 0.1 M
KCl was prepared, and its initial pH was adjusted
between 2.0 - 12.0 using NaOH and HCI. Then, 50 ml of 0.1 M
KCl were taken in 250 ml flasks and 50 mg of NIFSS was added
to each. After 24 h the final pH of the solutions was
measured with a pH meter. Graphs were plotted between
PHiina and pHiyigar- Figure 4.exhibits the point of intersection of
the curves at 7.1, thus, pH,of NIFSS is 7.1.

Batch adsorption studies
Effect of initial dye concentration

The uptake of dye was increased from 22-190mg/g
respectively with the increase in dye concentration of (25,
50, 125, 150, 175, 200, 300, and500) mg/L. This may be
attributed to an increase in the driving force of the
concentration gradient with the increase in the initial dye
concentration. The uptake of MG as a function of
concentration is shown in the Figure 5a. The uptake increased
with the increase in initial concentration. Initial adsorption
was rapid due to the adsorption of dye onto exterior surface,
after that dye molecules enter into pores (interior surface),
relatively slow process. The removal of MG increased
with increase in concentration and remained constant
after equilibrium time.

250

200

150

qe(mg/g)

100

50

0
0 100 200 300 400 500 600

Co(mg/l)

Figure 5a Effect of initial concentration of MG
Effect of adsorbent dosage

Adsorbent dosage determines the adsorption capacity of the
adsorbent for a given initial concentration of the adsorbent at
the operating conditions; hence it had influence on the
adsorption process. The effect of adsorbent dosage on MG
adsorption was investigated in the range of (0.025-0.200g). It
was observed that the percentage of dye removal increases with
increase in adsorbent dosage. It is due to the binding of almost
all dye molecules on the adsorbent surface and the
establishment of equilibrium between dye molecule onto the
adsorbent and in the solution (Chowdhury and Das 2012).
Thus, dye sorption increased with sorbent dosage has shown
in Figure 5b.
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Figure 5b Effect of NIFSS on MG
Effect of Temperature

Temperature also exhibits certain influence on the adsorption
process. Therefore batch adsorption experiments were carried
out at different temperatures and the results are shown in Figure
5c.Adsorption capacity increased marginally, with increase
in the temperature which indicates that the process was
exothermic. The enhancement in adsorption with
temperature may be due to the increase in the mobility of the
dye molecule with increase in their kinetic energy.

140

120

100
)

Eﬂ 80

T 60
=)

40

——303
20 K
0
0 50 100 150 200 250
Concentration(mg/l)
Figure 5c¢ Effect of Temperature on MG
Effect of pH

pH is one of the most important parameters for adsorption
process as it controls the adsorption capacity due to its
influence on the adsorbent surface properties and ionic forms
of dye in the solution (Chowdhury and Das 2012)

The adsorption capacity of spent slightly decreased with
increase in solution pH and the maximum adsorption
capacity for MG was observed between 4-6 pH in acidic
condition.MG a cationic dye, which exists in aqueous solution
as positively, charged ions. The increase in dye removal
capacity at higher pH is attributed to the reduction of H' ion
which competes with dye cation at lower pH for appropriate
sites on the adsorbent surface. However with increase in pH,
this competition weakens and dye cations replace H' ions
bound to the adsorbent surface resulting in increased dye
uptake. Similar observation has been reported for sorption of
MG onto degreased coffee bean (Baek er al, 2010)and
activated carbon prepared from bamboo (Zhang et
al.,2011).The results are shown in Figure 5d.

250

200

qe(mg/g)
IS
S

—_
(=
(=]

W
S

(=]

pH
Figure 5d Effect of pH onMG
Influence of particle size

To observe the effect of particle size of adsorbents of six sized
NIFSS mesh particles of < 90, > 90, >120 >177, >355 and =550
was studied for 200 mg/l concentrations of MG. The results of
variation of these particle sizes on dye adsorption are shown in
Figure Se. It can be observed that as the particle size increases
the adsorption of dye decreases and hence the percentage
removal of dye also decreases. This is due to larger surface area
that is associated with smaller particles. For larger particles, the
diffusion resistance to mass transfer is higher and most of the
internal surface of the particle may not be utilized for
adsorption and consequently amount of dye adsorbed is small.

120

—~ 80

C

g 60

Tz

S 40
20
0

0 75 150 225 300 375 450 525 600

Particle size(p)

Figure 5e Effect of particle size on MG
Adsorption isotherms

Equilibrium data commonly known as adsorption isotherm
describes how the adsorbate interacts with adsorbent(s) and
gives a comprehensive understanding of the nature of
interaction (Gupta et al, 2011).Langmuir and Freundilich
adsorption isotherms were used for the analysis of the MG-
NIFSS adsorption system. The most common types of
isotherms are Langmuir (equation 4) Freundlich (equation 5)
and Tempkin (equation 6) isotherm models. of Langmuir
assumes that there is monolayer adsorption on to the surface of
an adsorbent containing a finite number of identical adsorption
sites of uniform energy(Langmuir 1916)while Freundlich
isotherm(Freundlich 1906)model is used to describe adsorption
on surface having heterogeneous energy distribution and
Tempkin model(Amela et al., 2012)describes the process by
considering some indirect adsorbate-adsorbate interactions on
adsorption and the linear decrease in heat of adsorption of all
the molecules and the equations are:
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Langmuir isotherm:  CJ/q,= (1/bqua) + (1/@ua)Ceo(4)
Freundlich isotherm: In q,= InKg+(1/n)InC, )
Tempkin isotherm: qe=RT/blnA + RT/bInC,where B=RT/b(6)

where C. is the concentration of dye solution at equilibrium
(mg/L), g is the amount of dye at equilibrium in unit mass of
adsorbent (mg/g),qmax 1S the monolayer adsorption capacity
(mg/g) and b is the Langmuir constant (L/mg) related to the
free energy of adsorption are the Langmuir coefficient related
to adsorption capacity (mg/g) and adsorption energy (L/mg),
respectively. Kr and n are the Freundilich coefficient related to
adsorption capacity [mg/g (mg/L)'”“] and adsorption intensity
of adsorbent, A and B are Tempkin constants, related to
equilibrium  binding constant (L/g) and heat of
adsorption(J/mol), values are calculated from intercept and
slope of the linear plot respectively.

1.4

1.2
1 L 2

0.8 V'S

0.6 *®

0.4

0.2
0

Cel/qe

0 20 40 60 80 100 120

Ce

Figure 6a Langmuiradsorption isotherm model for adsorption of MG on
NIFSS

In qe
(3
W

In Ce

Figure 6b Freundilichadsorption isotherm model for adsorption of MG on
NIFSS

120

00 ¢
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B [ o0
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L )

3
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(=]

0 1 2 Ln Ce 3 4 5

Figure 6cTempkin adsorption isotherm model for adsorption of MG on NIFSS

Adsorption isotherms were conducted for different initial
concentrations of MG in the range (25-200 mg/L).The
experimental data shows a straight line with a good
correlation coefficient (R*) and qumais103 mg/gindicating
more favorable adsorption of MG onto NIFSS (Figure 6a)
shows that the adsorption of MG follows Langmuir isotherm.
The heterogeneity factor (n) which indicates whether the
nature of adsorption is linear (n= 1), chemisorption (n < 1), or
a physisorption (n > 1). In the present study, the value of n =
2.678, indicates that the adsorption is physisorption. The
values of Kr and n are calculated from the intercept and slope
of the plot In q. versus InC, (Figure 6b) whereas
Tempkinisotherm fit well to the experimental data with R*value
0.951 (Figure 6c¢), respectively. In brief, the threemodels
studied, namely Langmuir, Freundlich and Tempkin suggest
that the interaction of MG on NIFSS is linear, favourable and
physical in nature.

The Langmuir, Freundlich and Tempkin isotherm constants and
regression coefficients are listed in the (Table 2).

Table 2 Isotherm Constants of MG adsorption onto NIFSS

Langmuir Constants Freundilic ConstantsTempkin

isotherm
R? A
Qmax b R’ Kgng B R2
16.543 ,
103.09 0.058 0.963 2678 0.964 1.019 1

Adsorption kinetics

Several adsorption kinetic models have been established to
describe the reaction order of adsorption systems based on
solution concentration,however, thepseudo-first-order and
pseudo-second-order kinetic models are the most well liked
models to study the adsorption kinetics and have been widely
used in the most adsorption kinetic studies(Onal 2006). The
controlling mechanism of the adsorption process was
investigated by fitting the experimental data with pseudo-first-
order; pseudo-second-order equations defined as follow:

log (ge — q1) = log qe—
(k,/2.303) t (9)
gt =1/k>q’e + t/qe(10)

Pseudo-first order

Pseudo-second order

Where k; and k, are pseudo-first order and pseudo-second
order rate constants by plotting log (qe-qt) against Time (t) and
t/qt against time (t) .The kinetic data were analysed by using
different kinetic models: pseudo-first order( Ho& McKay,
1998)pseudo-second order( Lopes et al., 2003)initial MG
concentrations employed during the kinetic studies were 50 and
100 ppm. These studies show a similarity when compared with
other studies reported (Hameed&Khaiary2008a; Lagergren
1898) by studying the kinetics at different temperatures (303 K,
313 K and 323 K) it was possible to understand the changes in
rate of adsorption with changes in temperature. The estimated
parameters are shown in (Tables 3). Based on the coefficients
of determination (R?) the pseudo-firs-order model(Figures 7a &
7b.) pseudo-second order model were best fit with the
experimental data for all initial MG concentrations (50 and 100
ppm) (Figures 7¢ &7d). It is interesting to observe that the rate
of adsorption at the very beginning of the process is very high
and then slows down over time to become stagnant as it
achieves the maximum adsorption. As expected the adsorption

23958 |Page



International Journal of Recent Scientific Research Vol. 9, Issue, 2(C), pp. 23953-23963, February, 2018

capacity (q.) seems to increase with increase in temperature.
Consequently, based on these results, the adsorption processes
were found not to be the rate-limiting step. The predictions of
equilibrium adsorption capacities (q.) were similar to pseudo-
second order models and quite close to experimental values.
This indicated that the kinetics of MG adsorption onto NIFSS
was adherent to pseudo- second order kinetics with respect to
time irrespective of the changes in initial concentration of the
MG in the solution.

1.8 |

1.6 g2

1.4 * 38
- X =
= 1.2 y 50
& 1 Linear (30)
‘g’n 0.8 C 2 Linear (40)
- 0.6 Linear (50)

0.4

0.2

0

0 50 100 150
TIlime(mins))

Figure 7 a pseudo-first order kinetic model fits for 50 ppm initial concentration
of MG on NIFSS system at different temperatures

* 30
B 40
50
?.. Linear (30)
) Linear (40)
o Linear (50)
=
0 50 100 150
Time(mins)
Figure7 b pseudo-first order kinetic model fits for 100 ppm initial
concentration of MG on NIFSS system at different temperatures
3 ® 30
B 40
25 50
Linear (30)
2 Linear (30)
Linear (40)
& 15 Linear (40)
= Linear (50)
1
0.5
(NA
0 20 40 60 80 100 120
Time(mins)

Figure 7 ¢ pseudo-second order kinetic model fits for 50 ppm initial
concentration of MG on NIFSS system at temperatures

2
18 ® 30
1.6 B 40
1.4 >0
: Linear (30)
o 12 Linear (40)
g 1 Linear (40)
0.8 Linear (50)
0.6 Linear (50)
0.4
0.2
0 %
0 50 100 150
Time(mins)

Figure 7d pseudo-second order kinetic model fits for 100 ppm initial
concentration of MG on NIFSS system at different temperatures

Table 3Experimentally determined and theoretically predicted
parameters for adsorptionkinetics Models

Initial pseudo-first order(g/mg pseudo-second order

Concentration Temp min) (g/mg min)

qCoxpt qCpred 2 qCpred 2

lppm] W jmeg’y meg’y % R jmggy * R
303 42 30.13  0.018 0.933  40.16 118.5 0.965
50 313 45 3322 0.023 0.973 4545 151.6 0.966

323 47 33.82  0.029 0.986 49.01 2152 0.98
303 54 43.07 0.022 0963  59.17 281.89 0.973
100 313 68 42.61  0.019 0978 6535 322.4 0.969
323 74 5524 0.029 0.966  78.12 464.4 0.966

Effect of thermodynamic parameters

Thermodynamic parameters such as Gibbs free energy
(AG), enthalpy (AH®) and entropy (AS") of adsorption were
calculated using the following equations:

Log (q.m/C,) = AS’/ 2.303R+ (-AH"/2.303RT) (7)
AG’= AH -TAS’ (8)

Where, m is adsorbent dose (g/L), C, is the concentration of
dye in equilibrium solution (mg/L), ¢. is quantum of dye
adsorbed at equilibrium in unit mass of adsorbent (mg/g), ¢./C.
is the adsorption affinity. AH, AS" and AG are changes in
enthalpy (AH’, kJ/mol), entropy (AS’, Jmol/K) and free
energy (AG’, kJ/mol) respectively; R is the gas constant
(8.314/Jmol/K) and T is temperature in Kelvin. AH® and AS’
values are from Van’t Hoff plots of log (¢.m/C,) vs. I/T,
respectively. Thereafter, AG values are obtained from
equation 8.

Table 4 shows the values of thermodynamic parameters. All
the values of AH are positive which indicate the
endothermic nature of adsorption and the adsorption is
physical since the standard enthalpy change for a chemical
reaction is normally >200 kJ/mol and the adsorption
capability increases with increase in temperature. All the
values of AS  are positive which suggest high MG affinity
towards adsorbent and more randomness at the surface of the
solid solution. All the values of AG  are negative which
indicate the decrease in Gibb’s free energy which verifies the
feasibility and spontaneity of the adsorption process (Zhang et
al., 2011). The AG value is negative for all studied
temperatures. This indicates that the adsorption of MG onto
NIFSS follows a spontaneous and favorable trend. The AG’
value decreased with increase in temperature, indicating an
increase in absorption at higher temperatures.
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Table 4 Thermodynamic Parameters for MG adsorption

onto NIFSS
AH° ASe -AG®
Concentration (kJmol” (Jmol (kJmol™)
(mg/l) b) 'K 303K 313K 323K
50 44.25 173.08 8.19 9.92 11.65
100 25.99 102.53 5.07 6.10 7.12
150 19.02 76.93 4.29 5.06 5.83
200 16.73 68.99 4.16 4.85 5.54

Statistical optimization by central composite design

The first step in the optimization was to determine and fit an
appropriate model regression to the experimental data obtained
based on a central composite design

Biosorption = 32.8+56.8*%A-0.5*B+33.8*C-
57.0%D+72.1*E+48.2*AC-5.6*BC-21.1*A*+3.3*B%-
37.5*C2+60.0*D*+22.4*E>

Cross product of factors like AB AD AE etc. are zero hence
excluded from the equation

The optimal values of the variables determined by
maximization of the second-order polynomial equation with
interaction terms obtained by multiple regression analysis
based on a central composite experimental design model and
the input parameters were established (Table 1) at the
temperature of 40°c, pH of 11, biosorbent dosage of 0.025 g/L
and initial dye concentration of 150 mg/L with adsorption time
of 110 min. The predicted sorption capacity for these optimal
values was 219 mg/g.

Table 5 ANOVA for central composite design

Source SS(;llIgr(::fs 2:5:;2]? S“(;Ili::;le F Value P- Value
Model 187520.5 13 14424.7 148.17 <0.0001%**
A 6459.9 1 6459.9 66.35 <0.0001%**
B 0.6 1 0.6 0.01 0.937
C 990.3 1 990.3 10.17 0.002%*
D 13027.0 1 13027.0 133.81 <0.0001**
E 14544.0 1 14544.0 149.39 <0.0001%**
AC 2606.4 1 2606.4 26.77 <0.0001**
BC 41.41 1 41.41 0.43 0.52
A2 3700.0 1 3699.99 38.01 <0.0001**
B2 126.2 1 126.18 1.30 0.26
C2 3210.9 1 3210.92 32.98 <0.0001**
D2 3349.7 1 3349.73 34.41 <0.0001%**
E2 902.7 1 902.68 9.27 <0.0001%**
Residual 8567.1 88 97.35
Lack of fit 6095.1 86 70.87 0.06 1.00
Total 196087.6 101
Significant figures

+ Suggestive significance (P value: 0.05<P<0.10)
* Moderately significant (P value:0.01<P < 0.05)
** Strongly significant (P value : P<0.01)

R-Squared 95.6%
Adj R-Squared 95%
Pred R-Squared 89.1%

CV.% 17.84101

The fit of the quadratic polynomial equation to the
experimental data was confirmed by both the regression
coefficient, which is quite high with a value of 0.95, and the
analysis of variance (ANOVA) (Table 5). The P-value for the

F-test with value 0.05 indicates that the equation is statistically
significant regression model. Thus it can be successfully used
in optimization of MG biosorption. The results confirm the
accuracy of approximation by the quadratic equation.
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Figure 8 (a) 3D surface plot and (b) contour plot showing the variation of

adsorption capacity with initial dye concentration and process pH.
The last step of the statistical optimization was the analysis of
3D response surface plots (Figure 8) as a function of two
independent variables, which served the purpose of
determining the interaction effects between two parameters
keeping others at a fixed value (in this case the optimum
value). Statistical process optimization, in a given range of
parameter values, allows not only for calculating the optimal
condition, but also for determining the effect of the process
conditions on the biosorption. In Fig.8 it can be observed that
the lower the biosorbent dosage (D) and at higher pH (E),
higher is the sorption capacity (q.). The values of the regression
coefficients indicate the effect of the parameter on the
adsorption capacity. Positive values indicate incremental effect,
for example, an increase in the initial dye concentration (C)
causes a significant increase in sorption capacity. Likewise, a
positive negative value indicates a detrimental effect, as seen in
the case of pH (E), an increase in pH increases the adsorption
capacity of the adsorbent. This is graphically represented in the
surface and contour plots (Figures 8-10).

As the values of process time initial dye concentration increase
there is an observable increase in absorption capacity, whereas,
when considering their combined effect (i.e., for example effect
of process time and process temperature on adsorption
capacity) there is almost negligible effect (reflected by the
coefficient value). Similarly, individually the adsorbent dosage
and pH have positive values for co-efficient, indicating that as
their value increases the adsorption capacity increases.
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Figure 9 (a) 3D surface plot and (b) contour plot showing the variation of
adsorption capacity with initial dye concentration and process time.

As the values of process time initial dye concentration increase
there is an observable increase in absorption capacity, whereas,
when considering their combined effect (i.e., for example effect
of process time and process temperature on adsorption
capacity) there is almost negligible effect (reflected by the
coefficient value). Similarly, individually the adsorbent dosage
and pH have positive values for co-efficient, indicating that as
their value increases the adsorption capacity increases.
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Figurel0 (a) 3D surface plot and (b) contour plot showing the variation of
sorption capacity with adsorbent dose and Initial concentration.

The dependence of the sorption capacity on the initial dye
concentration indicates the occurrence of a maximum of about
219 mg /L, which was confirmed by maximization of obtained
quadratic polynomial expression. Increasing the initial
concentration by decreasing the adsorbent dose lead to removal
of a pollutant from an aqueous solution and the results reflect
this.

Table 6 Optimized conditions obtained from the statistical
response optimizer

Time Temperature Concentration Absorbent pH qe
dosage
110.4 40.8 149.1 0.025 11.7 219.0

The statistical significance of each operating factor was
evaluated by F-test and P-values (Table 6). The F-test for
testing the significance of the individual terms of the model is
based on the test statistic that is calculated by dividing a
regression coefficient by its variance. The results of F-test and
associated P-values with confidential level >95% reveal that
the most significant are A, C, D, E and AC effects, while the
others seems to be unimportant.

CONCLUSION

The present study shows that NIFSS is effective biosorbent
for the removal of malachite green from aqueous solution
The MG adsorption from aqueous solution by Nutraceutical
Industrial Fennel seed Spent (NIFSS) is dependent on contact
time, initial pH of the solution, adsorbent dose and initial MG
concentration. Based on the isotherm analysis and taking into
consideration the value of q,,, the adsorption data of NIFSS
adsorbent is well described by Langmuir, Freundlich and
Tempkin isotherm and the adsorption kinetics fitted the
pseudo-second order kinetics model. The optimal values of the
variables determined by maximization of the second-order
polynomial equation with interaction terms obtained by
multiple regression analysis done as per central composite
experimental design model and the input parameters, the
predicted sorption capacity of NIFSS for those optimized
values was 219 mg/g. It is envisaged that cost-effective and
ready-to-use NIFSS derived from nutraceutical industry for the
removal of MG dye from water is not only feasible but also is a
commercially challenging proposition.
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