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Abstract: In this work, activated carbon obtained from agro- based material, mustard seeds were
used as an adsorbent for the adsorption study of crystal violet (CV) and citric acid
(CA). The characterization of synthesized carbon material was performed by various
techniques, such as FTIR, SEM, TGA and XRD. FTIR absorption bands of activated
carbon exhibited the presence of functional groups on the surface of activated carbon
and SEM images showed the impregnation of the pores on the surface of the
synthesized activated carbon. Adsorption experiments were conducted to study its
capacity as an adsorbent, under various conditions such as concentration, agitation time
and temperature. The data acquired from concentration variation found to fit well with
Freundlich isotherm. It was shown that the adsorption of dye and acid were better
described by the second order kinetic model. Positive values of AHo indicated that the
process is endothermic and negative values of AGo confirmed feasibility of the system.
The results showed that microwave activated carbon was more effective for the
removal of crystal violet.
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INTRODUCTION

The term adsorption refers to the existence of a higher
concentration of any particular component at the surface
of a liquid or solid phase than is present in the bulk
(Glasstone, 1981). The extent of adsorption depends
upon the pore size, pore volume and the exposed surface
area of the adsorbent. As activated carbon has a larger
surface area in relation to mass (Sawyer et al., 1994), it
acts as an effective and resourceful adsorbent and
utilized in various sectors for gas purification, water
purification,  decolourization, = metal  extraction,
medicine, sewage treatment etc. (Raj, 1991). Physical
and chemical activation are the two basic methods for
the preparation of activated carbons (Song et al., 2012).

Physical activation involves heating the sample at
high temperature in presence of steam or carbon dioxide
where as in chemical activation, raw material is
thoroughly mixed with chemicals such as ZnCl,,
H;PO4, KOH, NaOH etc. and pyrolysed in absence of
air at higher temperature (Subramnian, 2007; Sharma,
2010; Hemashree, 2017). Chemical activation has
advantages such as development of pore structure, lower
energy cost and higher carbon yields; hence it is
preferred to physical activation (Ma et al., 2015; Prahas,
2008). Over the years microwave activation is gaining
major interest in the production of carbon materials.
Consumption of low energy and limited steps make
microwave method very effective compared to the other
methods (Menendez et al., 2010).

Mustard seeds (Scientific name: Brassica juncea) are
small, smooth, subglobose and brown in color. This
seeds are used as spice in cooking and have also got
medicinal importance. This seeds which are chief source
of oil, contains glucosinolates, flavonoids, B-complex
vitamins, and fatty acids like erucic, oleic, eicosenoic
and palmitic acids (Levekar, 2007). From literature,
many adsorption studies have been carried out using
various forms of mustard, such as mustard oil cake (Rao
et al., 2010), de-oiled mustard cake (Katiyar et al.,
2015; Gupta et al., 2010), mustard husk (Gautam et al.,
2013; Meena et al., 2008), mustard waste ash (Singh et
al., 2013) and mustard stalk activated carbon (Ullhyan,
2014), which are extensively meant for the treatment of
waste water and industrial effluents. As mustard seed is
edible and has got medicinal properties, the prepared
carbon might not have any nasty impact on health.
Hence the activated carbon prepared from this seed
could be used as potential adsorbent in food and
pharmaceutical industries. So the study was carried out
to prepare activated carbon from mustard seed and
adsorption experiments were conducted to evaluate the
adsorption capacity of prepared carbon. The present
work is concerned with the preparation of activated

267

carbon from mustard seed by three different methods,
its characterization and adsorption study.

MATERIALS AND METHODS
Preparation of activated carbon

The agricultural product, mustard seed is used in the
current study for the synthesis of activated carbon. The
mustard seeds were cleaned, washed with water to
remove dirt and later dried in an oven at 110°C to
remove moisture contents present in the sample. For
physical activated carbon, carbonization of the mustard
seed was carried out at 400°C for 1 hour in a muffle
furnace and labelled as PMC. For chemical activation,
the seed powder was pre-carbonized in a hot air oven
and then treated with 10% ZnCl, solution. The ZnCl,
treated sample was filtered, dried and carbonised at
400°C for one hour in muffle furnace. Obtained sample
was washed with hot water and later with distilled
water, oven dried and named as ZMC. Microwave
activation was performed by using domestic microwave
oven. The ground sample was irradiated for three hours
at input microwave power 90 W (Energy =~ 270
Joules/Sec) and the carbon obtained is labelled as
MMC.

Characterization of the activated carbon

The surface functional groups present on the activated
carbon were identified by using IR Prestige—21 Fourier
transform Infrared Spectrometer, Shimadzu (Japan). X-
Ray diffraction study was performed by Rigaku
Minifles 600 (Japan). Thermo Gravimetric Analysis was
performed by the instrument SDT Q600 V20.9 (Japan).
The samples were heated in presence of nitrogen, at a
rate of 10°C/ min in a temperature range of 25°C to
900°C. SEM images were obtained using Sigma Series
Field Emission Scanning Electron microscope (Ziess).

Adsorption studies

These activated carbons were used as an adsorbent for
the adsorption of a dye, crystal violet and citric acid
under various conditions such as contact time,
temperature and concentration of the dye. For the
adsorption study, a fixed amount of activated carbon
(particle size 100-50pum) was added to an Erlenmeyer
flask containing 50ml of the dye/acid solution. The
dye/acid solution was stirred continuously for a definite
period and filtered. The concentration of the filtered dye
solution was determined spectrophotometrically. For the
acid solution, concentration was determined by titrating
the filtered solution with standardised sodium hydroxide
solution. The amount of dye adsorbed, g. (mg/g), by
activated carbon at time ¢, was calculated by the eqn.
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(1)

where C, and C, are initial and equilibrium
concentration (mg/L), V is volume of solution (L) and W
is the mass of the adsorbate (g).

The amount of acid adsorbed, ¢, by activated carbon
was calculated by the equation:

(CO B Ce )MV
9. =—— 2)
w
where M is equivalent weight of acid.
RESULTS AND DISCUSSION
Characterization of Activated Carbon FTIR

Spectroscopic Analysis

Figures 1-2 illustrates the FTIR spectra of raw mustard
seed and activated carbons (PMC, ZMC, and MMC)
prepared from mustard seed respectively. Absorption
band formed in the region 3300-3400 cm™ (Fig. 1) may
be due to merging of two peaks which corresponds to
both O—H and N-H stretching. The band formed at 3008
cm” is due to sp> C-H stretching. The peaks at
2925 cm™ and 2856 ¢cm™ correspond to asymmetric and
symmetric stretching of -CH,- respectively. The peak
formed at 1747 cm™ is attributed to vibration of C=0
bond. The bands at 1654 cm™ and 1542 cm™ may be due
to bending of primary and secondary amine group
respectively. The peaks formed at 1454 cm™ and 1376
cm’ are may be due to C—O-H vibration and CH;
bending respectively. C-N stretching is visible at 1240
cm™ and the peaks in the region 1200-1000 cm™ are due
to C—O stretching (Viera et al., 2009). The bands in the
1000-650 c¢cm™ range can be due to out-of-plane
bending of olefinic C-H groups and substituted aromatic
rings (Kalsi, 2004; Lampman et al., 2013).
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Fig. 1 FTIR spectrum for raw mustard seed.
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Fig. 2 FTIR spectra for activated carbon.

The obtained spectra of raw mustard seed and
synthesised activated carbons were compared and a
considerable difference was noticed between the IR
spectra of these samples. The peaks which are
characteristics of stretching mode of O—H, N-H, C-H
and C—O-H bonds are continued to be present in the
spectra of all the three activated carbons. At higher
temperature, C=0 group probably decomposes in to
CO,, CO and also C-O, C-N bonds of particular
compounds are broken (Iyengar et al., 1997), hence the
peaks responsible for these particular groups are found
missing in the IR spectra of all the three activated
carbons. Hetero atoms like C, N, and O etc are
unsaturated and plays active role in the adsorption
process. The presence of several functional groups on
the surface of activated carbon (NH, CHj3;, OH etc)
enhances the adsorptive capacity of an adsorbent hence
the synthesised activated carbon can be considered as an
effective adsorbent.

X-Ray Diffraction Analysis

XRD method was used to study the characteristics of
activated carbon. The X-ray diffractogram of the
activated carbon is shown in Fig. 3.

It is clear from the figure that all the three activated
carbon apparently showed amorphous nature. Peaks
with noticeable intensities are considered to calculate
inter planar distance d, hkl, cell volume @’ and
crystallite size D and the obtained results are shown in
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Table 1. Bragg’s equation was used to determine inter
planar distance d:

A
28in6

where 4 = 1.5418 A4° (CuKa) and O is the scattering
angle. The crystallite size was determined by the
Scherrer equation:

D= _ K4 4)
Bcos @
where B is the half width of the peak and K = 0.9 is the
shape factor (Prahas et al., 2008).
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Fig. 3 XRD of activated carbon (PMC, ZMC & MMC).

Table 1. XRD data for PMC, ZMC and MMC

flaemrzf d hil a Cell Crystallite
(i") (A% (A% Volume SizeD
1830 4.84 100 484 11337 0.116
2440 364 110 507 13032 0.117
PMC 2552 349 110 492  119.09 0.117
26.16 340 110 479  109.90 0.118
2218 404 100 404 6539 0.089
23.84 373 100 373 51.89  0.089
ZMC 2440 364 100  3.64 4822  0.089
2536 3.51 100 3.51 4324 0.089
26,78 333 100 333 3692 0.089
2354 377 100 377 5358 0074
2440 3.64 100  3.64 4822 0.074
MMC 2520 3.53 100  3.53 4398 0.074
2580 345 100 345 4106 0.075
26.84 332 100 332 3659 0.075
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Fig. 4 Thermo gravimetric curve of RMS and activated carbon.

1000

Almost the same value for ‘e’ (Table 1) indicates the
cubic pattern of the system. The values of crystallite
size, D found to vary in the following order
PMC>ZMC>MMC. It may be stated that MMC exhibits
minimum D value with high surface area and is
expected to be more active towards adsorption
compared to other two activated carbons (PMC and
ZMC).

Thermo gravimetric analysis

The TG curves obtained for raw mustard seed (RMS)
and activated carbon (PMC, ZMC and MMC) are
shown in Fig. 4. It is apparent that for raw mustard seed,
weight loss occurs in three phases. The weight loss in
the first phase may be due to dissipation of moisture
present in the sample. In the second phase (110—
300°C) the weight loss may be due to decomposition of
some of the saturated and poly unsaturated fatty acids
(palmitic acid, linoleic acid, myristic acid etc.) (Gouveia
et al., 2004) and the maximum weight loss in the third
phase (300 - 650°C) may be the result of degradation of
cellulose, and monounsaturated fatty acid (oleic acid,
eurcic acid etc.) (Gouveia et al., 2004; Yang et al.,
2007).

In case of the activated carbons, the weight loss in
the range (20 - 130°C) is due evaporation of moisture.
The gradual weight loss in the second phase (130 -
350°C) and sharp and maximum weight loss in the third
phase (350 - 750°C) may be attributed to the
decomposition of chemical components present in the
activated carbon. Decomposition temperature of PMC,
MMC and ZMC specifies that zinc activated and
microwave activated carbons exhibit higher stability
than the physical activated carbon.
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Scanning Electron Microscopic Analysis

SEM micrographs displayed the surface morphologies
of activated carbon before and after adsorption. Figure
5a showed that the microwave treated carbon has
heterogeneous surface with several irregular pores of
different size. Figure 5b—5c are the post adsorption
images, and it is clear from the image that after the
adsorption, the pores are clogged up with dye/acid
molecules. During adsorption, adsorbate moves into the
carbon pores and results in the pore blockage.

ADSORPTION STUDIES
Adsorption Isotherms

The adsorption isotherm was studied by Langmuir,
Freundlich and BET isotherm models. The Langmuir
isotherm is based on the assumption that adsorption
cannot proceed beyond monolayer coverage and all the
active sites are equivalent on uniform surface (Atkins et
al., 2002). The linear form of Langmuir equation can be
expressed as (Hameed et al., 2008):

Ce :;+LCE

Qe KLqmax qmax

)

where C, is the equilibrium Concentration (mg/L), g, is
the amount of adsorbate adsorbed (mg/g), ¢m. is the
monolayer capacity (mg/g) and K is the adsorption
equilibrium constant (L/mg). The values of ¢,,,, and K}
were calculated by the slope and intercept obtained from
the plot of C.q. vs. C, . The nonlinear plot (Fig. 6)
indicated that Langmuir isotherm does not fit well for
the obtained data.

The Freundlich isotherm has been used principally
for adsorption from solution (Barrow 1992). The linear
form of the Freundlich Isotherm is represented as:
(Netpradit et al., 2004):

1
logg, =log K, +—logC, (6)
n

where 7 shows the adsorption intensity in the Freundlich
equation and K; is the Freundlich adsorption capacity
[(mol/g)(L/g)""™]. The values of 1 and Ky were calculated
by the slope and intercept obtained from the plot of
logq. vs. logC, (Fig. 7).

BET provides information related to multilayer
adsorption behaviour and monolayer adsorption
capacity (Ebadi et al., 2009). The linear form of the
BET isotherm model (Foo et al., 2012) for liquid-solid
interface may be written as:

()

c, 1 CBET—l[c_eJ
q.(C,=C,) q.Cpr q,Cpepr \ C;
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Fig. 5 Scanning Electron Micrographs of Microwave activated
carbon. (a) before adsorption (b) after adsorption of CV (c) after
adsorption of CA.
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Fig. 6 (a) Langmuir Isotherm for CV adsorption and (b) CA
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where ¢., g¢;, are the equilibrium adsorption capacity
(mg/g), theoretical isotherm saturation capacity(mg/g)
respectively, C; is the adsorption monolayer saturation
concentration(mg/L), and Cpgr is BET adsorption
isotherm (L/mg). Cpgr can be determined from the

C
¢ ][LJ Vs, —=
qe CS

intercept of the linear plot of | __—¢
¢, -C,

and also ¢, values were calculated using the equation:

1

q, = .
slope + int ercept

(®)

The data obtained for both acid and dye system was
best interpreted by the Freundlich isotherm model. The
value of n is found to be greater than unity (Table 2)
which strongly suggests that the adsorption process is
favourable. Freundlich isotherm fits well with the
obtained adsorption data, so it can be said that
multilayer
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Fig. 7 (a) Freundlich Isotherm for CV adsorption and (b) CA
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Table 2 Freundlich and BET constants for the adsorption of crystal
violet and citric acid

Sample Freundlich Constant

BET Constant

K n R Cur g
. CV
PMC 171 1.73 0.98  0.010 8.60
ZMC 176 161 0.99 0.009 8.1
MMC 193 149 0.99 0.012  9.08
2. CA
PMC 239 234 097 265 0.02
ZMC 579 221 098 174 0.04
MMC  6.68 2.00 0.96 -0.28  0.06
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Fig. 8 (a) BET Isotherm for Crystal violet and (b) Citric acid
adsorption.

adsorption might have taken place at heterogeneous
sites on the surface of the adsorbent (Gautam et al.,
2013). The validity of BET equation was tried for the
both the system, in the range of 20- 60 ppm. Linear plot
(Fig. 8) showed the applicability of the BET isotherm
for the dye system where as negative intercept indicated
that it is not valid for citric acid adsorption.

Effect of contact time

The influence of time for intake of dye and acid was
studied by carrying out adsorption experiments at
different time intervals with fixed quantity of adsorbent.
It is apparent from Fig. 9 that the adsorption of crystal
violet is rapid during initial stage and gradually slows
down with the time, whereas for acid, adsorption slowly
increased and remained almost constant for all the three
carbons. The increase in the adsorption rate at the initial
stage is due the presence of large number of active
centres on the surface of activated carbon. A similar
phenomenon was observed in the adsorption of Alizarin
Red S on mustard husk by R. K. Gautam et al. (2013).
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Fig. 9 (a) Plot of contact time Vs adsorption of CV and (b) Plot of
contact time Vs adsorption of CA.

Adsorption Kinetics

The kinetic models, first order and second order were
utilized to study the adsorption process. Lagergren
proposed first order kinetic model as given below:
(Banerjee et al., 2016)

k
lo —g)=1lo -—1 )
g(q. —q,) =logq, 2303

where k; (min™) is the rate constant of the first order
adsorption and ¢, is the adsorption capacity at time
(mg/g). The rate parameters k; and g, can be obtained
from the intercept and slope of the plot of log (g.-q,) vs
time. The lower correlation value, R suggested that the
first order model is inappropriate to describe kinetics of
the system. The second - order kinetic model (Wu et al.,
2001) is expressed by:
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t 1 ¢ Table 3 Second order rate constants for the adsorption
- = k*—2 +— (10) Crystal Violet Citric Acid
q, 2 4. 4. Sample k, ¢q. R*> k; Je R?

where ¢, and ¢, are the adsorption capacities at PMC 0.267 13.77 0.99 0.611 0.052  0.98
equilibrium and time, ¢ respectively(g/mg) and k; is the ZMC 0.023 14.09 0.99 0.464 0.148 0.99
equilibrium rate constant of second order adsorption. MMC 0.028 14.49 0.99 0312 0.175  0.98
The rate constant k, was obtained from the slope and

intercept from the plot of #/g, vs. ¢ (Fig. 10). Effect of Temperature

Influence of temperature on the adsorption was carried
(a) 14 out in the temperature range 10 - 60°C. The results
indicated that, for both the system adsorption increased
with the rise in temperature with a later decrease (Fig.
11). The initial rise in adsorption capacity may be due to
increase in the mobility of the dye/acid molecules as
well as increase in the pore size of the adsorbent with an
increase in temperature (Saeed et al, 2010). The

o
T e increase in temperature makes the adsorption process
easier by decreasing the E, till 40°C. The later decrease
. in the adsorption capacity may be a consequence of
5 initiation of desorption. The decrease in adsorption
capacity with as the two factors which influence
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Fig. 10 (a) Plot of Second—order kinetic modelling for CV —a— MMC
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Correlation coefficient values (Table 3) are found to _§
be 0.99 for dye and 0.98-0.99 for acid system, for all the & ;45|
. . . [
three carbon which indicates that the system follows 3
second order kinetic model. It was also found that E 0.04 -
adsorption capacity, ¢, is high for crystal violet and this
could be due to effectual interaction between the 0.03 4
functional groups present on the carbon surface and dye o
molecules. : 20 30 40 50 60
Temperature(OC)
Fig. 11 (a) Effect of temperature for CV adsorption and (b) for CA
adsorption.
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interaction between the adsorbent and dye/acid
molecules, and also between adjacent molecules on the
adsorbed phase (Ofomaja et al, 2007). So it may be
stated that desorption comes in to picture after 40°C.

Adsorption Thermodynamic

Experiments were carried out at different temperature to
determine the thermodynamic parameters AH’, AS° and
AG° for the adsorption. The standard enthalpy and
entropy of the adsorption process can be calculated from
the following equation:

AG" =RTInK, (11)
InkK, = —AH A5 (12)
RT R

where R is the gas constant, 7 is the absolute
temperature and K, is the equilibrium constant which is
obtained from the following equation:

(13)

where ¢, is the amount adsorbed on adsorbent at
equilibrium and C, is the equilibrium concentration of
dye/acid in the solution. The values of AH’ and 4S° were
calculated from the linear plot of /n K, vs. I/T (Fig. 12)
and the results obtained are given in Table 4.

Positive values of AH° (Table 4) indicate that the
adsorption process is endothermic and the low values
AH’ specify that the system experience physisorption
with the formation of multilayer of adsorbate on
adsorbent, which supports the previous conclusion,
made under adsorption isotherm study. Small positive
values of 45° indicate the instability of adsorbed species
on the surface compared to the bulk. The negative value
of AG’ implies that the adsorption process is
spontaneous.

Mechanism of Adsorption

Generally carboxyl, carbonyl and phenolic hydroxyl are
the most common surface groups which are responsible
for the adsorption (Mittal, 2007). In the present case,
FTIR studies showed that the prepared carbon exhibited
the presence of functional groups such as OH, NH and
COH. Hydrogen bonding and electrostatic interaction
between these surface groups of the carbons and the
dye/acid molecule can be considered.
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Fig. 12 (a) van’t Hoff equation for CV adsorption and (b) Citric acid
adsorption.

Table 4 Thermodynamic parameters for the Adsorption of CV and
CA on activated carbon

AH® AS° E, AG® K

Sample (kJ/mol) (kJ/mol/K) (kJ/mol) (kJ/mol)
1. CV

PMC 2346  0.085 2595 -2.27 1.002
ZMC 20.01 0.076 22.50 -2.93 1.003
MMC 19.09  0.079 21.58 -4.60 1.004
2. CA

PMC 2648  0.093 29.00 -1.81 1.001
ZMC 18.60  0.071 21.13 -3.18 1.002
MMC 1440  0.060 1693 -3.66 1.003
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Fig. 13 (a) Probable mechanism for the adsorption of CV (b) CA on
to activated carbon.

the adsorption process (Bharati et al, 2013). The
probable interaction between the surface functional
groups of the carbon and the dye/acid molecule is
shown in Fig. 13. A considerable difference was
observed between the adsorption capacity of the crystal
violet and citric acid. Adsorption capacity of citric acid
was found to be less compared to the dye used. The
reduction in the adsorptive behavior of citric acid may
be due to its weak dissociation.

CONCLUSION

Activated carbon were synthesised from mustard seed
by three different methods, characterized and utilized
for adsorption study. The adsorption process was
influenced by concentration, time as well as
temperature. Data acquired from the concentration
variation fits well with Freundlich Isotherm. The system
followed second order rate. The positive value of AH’
indicated that the adsorption is endothermic. The
adsorption capacity of crystal violet found to be much
higher than citric acid and also it is concluded that
MMC is most efficient adsorbent for the dye adsorption.
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