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five successive degradation experiments.

INTRODUCTION

Water is the most important and essential element for the
sustenance of life on earth. Rapid growth of paper, textile,
dyeing/printing industries, deteriorate the quality of the water
resources as their effluents are contaminated with many coloured
compounds, particularly dyes [1]. A number of cleanup methods
are available for dyes from water [2,3] such as coagulation,
flocculation, ion-exchange, advanced oxidation processes
including photocatalytic degradation, adsorption and others.
Adsorption by magnetic composite materials [4] is a promising
technique, nowadays, as this easily separates the adsorbent
from the effluent by an external magnet. In addition, magnetic
carbons are also able to act as heterogenous photocatalysts
for the oxidation organic compounds in a photo-Fenton like
process in the presence of reagents like hydrogen peroxide or
persulphate [5,6]. At present, magnetic carbon composites are
mainly prepared from biomasses by a two-step method, which
consists of carbonization followed by incorporation of magnetic
character [7,8]. But such composites can also be prepared by
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having the magnetic precursor during carbonization, which is
comparatively easier leaving composites with stable magnetic
properties [9-11].

In present work, the magnetic vetiver carbon (MVC) has
been prepared by impregnation of the biomass with ferric
chloride followed by carbonization in muffle furnace. Zinc
chloride is also taken along with the iron source during impre-
gnation, for it can assist the carbonization process [12]. The
composite was characterized by FT-IR, SEM with EDAX, DLS,
BET, XRD and VSM studies. Methylene blue and rhodamine
B dyes have been chosen as model dyes and their adsorption
and sun light induced photodegradation on magnetic vetivar
carbon (MVC) assisted by persulphate has been studied.

EXPERIMENTAL

All the reagents and chemicals used were of AR grade and
used without further purification. Ferric chloride hexahydrate
(FeCls-6H,O) 97% and rhodamine B dye were purchased from
Loba Chemie Pvt. Ltd., whereas methylene blue dye, zinc
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chloride and potassium persulphate were purchased from Merck
Pvt. Ltd. Double distilled water was used to prepare all the
solutions.

Synthesis of magnetic vetiver carbon (MVC): Roots of
Chrysopogon zizanioides (vetiver) biomass were cut to pieces,
washed with double distilled water and air dried. Zinc chloride
(2 g) and FeCl;-6H,O (2 g) were added to 250 mL of deionized
water and mixed uniformly using a magnetic stirrer. Then, 10 g
of dried biomass was added to the solution and sonicated for
2 h. After the sonication, the contents were kept for 24 h,
filtered, washed with water to remove excess metal ions and
finally dried at 80 °C in an air-oven. The dried roots were trans-
ferred into a porcelain container and pyrolyzed at 500 °C in a
muffle furnace for 0.5 h. After pyrolysis, the sample was
naturally cooled to room temperature, washed with deionized
water until the washings become neutral and dried at 80 °C
and stored.

Characterization: Cation-exchange capacity, pHzpc and
densities of surface groups were determined by potentiometric
titrations and boehm titrations [13,14]. Fourier transform
infrared spectrum (FTIR) was recorded in Perkin Elmer, Spectrum
Two model. Surface area was measured by N, adsorption-
desorption measurements recorded in Thermo Fisher Scientific
S.P.A,, Italy, surface analyzer, S.No. SRFA13/0011.SEM images
were taken on CAREL ZEISS Model EVO 18. XRD pattern
was recorded in X’ Pert Pro MPD, Panalytical, X-ray diffracto-
meter using CuKo radiation in order to analyze the diffraction
pattern. Magnetic measurements were studied by vibrating
sample magnetometer (VSM), Model Lake Shore 7400-S series.
The elemental composition of the materials was determined
by energy dispersive X-ray analysis (EDAX), Tescan Oxford.
The size distribution of the particles in the composite was
analyzed by particle size analyzer, Micromeritics, NanoPlus.

Adsorption of dyes in dark: The adsorption capacities
of MVC were determined by dispersing them in 50 mL of dyes
solutions in Erlenmeyer flasks in the dark. The initial (C,) and
final (C.) concentrations of dye were analyzed using a Spectronic
20D+ spectrophotometer with absorption maximum at 665
nm for methylene blue and 555 nm for rhodamine B and the
adsorption capacity was calculated using eqn. 1:

g, =CCNV 0
m
where, q. (mg g™') is the amount adsorbed at equilibrium, V
(mL) is the volume of the reaction solution, m (g) is the mass
of the dry adsorbent used for the adsorption study.

Photooxidation studies: For the photooxidation studies,
after equilibrating 50 mL of dye solutions with MVC in the
dark for 30 min, desired amounts of potassium persulphate
and the solution is irradiated under natural sunlight with mag-
netic stirring. Aliquots of 2 mL were withdrawn periodically
and analyzed for residual dye concentration (C,, mg/L) at
various times. A control without MVCis also carried out simul-
taneously. The amount of photodegradation was calculated
from eqn. 2:

(C,-C)

Photodegradation (%) = OC x100 2)

o

RESULTS AND DISCUSSION

Potentiometric and Boehm titrations: The point of zero
charge (pHzpc) describes the condition when the electrical charge
density on the surface is null. The surface acidity constants,
pKdS and pHzpc were evaluated using potentiometric titrations
following the method reported by Stumm & Morgan [15]and
the results are shown in Table-1 along with Boehm titration
results. Cation exchange capacity (CEC) is the measure of
exchangeable sites available on the surface of the adsorbent
for cations. The CEC for MVC is found to be 4.537 x 10~ mol/g.
The pK, values indicate that MV C has strongly acidic groups
on its surface. This may be attributed to the presence of acidic
v-Fe,Os on its surface. The pHzpc value suggest that when MVC
was introduced in neutral aqueous solution; its surface will
acquire negative charge and thus will have increased affinity
towards cations like methylene blue and rhodamine B. The
results of Boehm titrations show that MVC has significant
amounts of acidic groups on its surface with relatively smaller
numbers of basic groups. These results were in accordance to
low pK, value of 2 as quoted by the potentiometric titrations.

TABLE-1
POTENTIOMETRIC AND BOEHM TITRATIONS

Potentiometric titration results | Density of surface groups (meq/g)

CEC (mol/g)  4.537 x10* Carboxyl 0.115

pK,* 2 Phenolic 0.110

pK,,* 9.4 Lactonic 0.045

PHzpc 5.7 Acidic groups 0.270

Basic groups 0.015

Total groups 0.285

FTIR studies: Fig. 1 shows the FTIR spectrum of MVC.
A strong broad band at 3433.12 cm™ is characteristic of —OH
group of carboxylic acids [11]. The strong peak at 1614.84
cm™' could be attributed to C=C vibrations, which indicates
the aromatic rings in biochar [16]. Peaks at 1115.29 and 1052.86
cm™ are attributed to C—O stretching vibrations. Iron in the
composite was evidenced from the peak at 542 cm™ which is
due to the Fe—O stretching, indicating the presence of iron
oxides in the carbon matrix [16,17].
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Fig. 1. FTIR spectrum of magnetic vetivar carbon (MVC)

SEM studies: The SEM images of MVC are shown in
Fig. 2a-f. Fig. 2a reveals that the carbon matrix has a layer-
like structure with numerous pores on its surface. Fig. 2b-e
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show a good dispersion of iron oxide clusters on the surface
of the carbon matrix and Fig. 2f clearly depicts the cubic crystals
of iron oxide that are found to be embedded on the carbon
matrix. The EDAX spectrum confirms the presence of carbon,
oxygen and iron in large amounts with traces of zinc, chlorine
and silicon (Fig. 3). Iron is present in 5.23% by weight which
depicts the successful impregnation of iron onto the composite.
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Fig. 3. EDAX spectrum of magnetic vetiver carbon (MVC)

BET surface area studies: The textural properties of the
adsorbent were investigated by N, adsorption and desorption
measurements. The isotherm of MVC could be classified as
Type I (Langmuir type) which is a characteristic of micro-
porous materials [18] (Fig. 4). The specific surface area was
91.3252 m* g™ with specific pore volume of 0.0552 cm® g™'.
The value of surface area is in agreement to the large particle

Fig. 2. (a-f) SEM images of magnetic vetiver carbon (MVC)
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Fig. 4. N, adsorption-desorption isotherm on magnetic vetivar carbon (MVC)

size of 363.7 nm as observed in the dynamic light scattering
(DLS) results (Table-2). The slightly low value of surface area
may be attributed due to the presence of iron oxide-based
particles occupying some of the void spaces in the material
[19]. But it is worth to note that the synthesized MVC has
comparable surface area to some related materials that were
previously reported. For instance, the surface area of a copper
oxide loaded activated carbon prepared in one step [20] has a
surface area of 83 m” g,

XRD studies: The XRD pattern of MVC is presented in
Fig. 5. The broad assymmetric peaks from 26 = 12° to 29°
indicates that MVC is a typical amorphous carbon [21]. The

TABLE-2
DYNAMIC LIGHT SCATTERING RESULTS
Diameter (d) 363.7 nm
Polydispersity index (P.I.) 0.253

Diffusion const. (D) 1.352¢-008 (cm?*/s)
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Fig. 5. XRD pattern of magnetic vetivar carbon (MVC)

characteristic diffraction peak at 20 = 26.4° is attributed to the
plane of partially graphitized carbon material [22-24]. The
diffraction peaks at 26 = 30.2°, 35.5°, 43.2°, 56.8° and 62.5°
correspond to the five indexed planes (220), (311), (400), (511)
and (440) of maghemite (y-Fe,Os), respectively [25]. This
indicates that the iron oxides embedded in the carbon matrix
are y-Fe,Os, which has cubic structure of inverse spinel type
[19]. These cubic structures of y-Fe,O; has occupied the surface
of the carbon matrix as seen in the SEM images of Fig. 2f.
Magnetic properties: Magnetic characterizations were
done at 300 K by ranging the magnetic field from -15000 O,
to +15000 O, and the corresponding response of MV C has been
recorded (Fig. 6). The strong magnetic curve has saturation
near 50 emu g~ and this amount of magnetization of MVC is
sufficient enough to separate the composite in a very effective
manner using an external magnet and is also comparable with
results already reported [26]. The small hysteresis loop forms
an additional evidence for the presence of iron oxide particles
on to the carbon matrix as clearly visible in SEM images [27].
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Fig. 6. VSM magnetization curve of magnetic vetivar carbon (MVC)
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Adsorption isotherms: Three models were used in this
study to model the adsorption of dyes on MVC, namely,
Langmuir (eqn. 3), Freundlich (eqn. 4) and Redlich-Peterson
(eqn. 5):

— QmaxKLCe
=Tk, C, 3)
Je = KF (Ce)l/n (4)
q. = KRCe
° 1+byCP )

where q. (mg g™') is the amount adsorbed per gram of the
adsorbent at equilibrium, C. (mg L™") is the equilibrium concen-
tration of the adsorbate, Qu., (mg g™') is the Langmuir monolayer
capacity, Ky is the Langmuir isotherm constant, where n is the
adsorption intensity, Kris the Freundlich isotherm constant
and Ky, brand B are constants involved in the Redlich-Peterson
isotherm. The adsorption behaviours are shown in Fig. 7a (for
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Fig. 7. Adsorption isotherms (a) and kinetic curves (b) for the adsorption of methylene blue and rhodamine B on magnetic vetivar carbon (MVC)
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methylene blue: C; = 2 to 20 mg/L, MVC dose = 0.05 g/50
mL, contact time = 24 h; for rhodamine B: C; =2 to 20 mg/L,
MVC dose =0.2 g/50 mL, contact time = 24 h) and the data is
fitted with the three isotherm equations and the results are
presented in Table-3. The 1* values obtained show that the three-
parameter Redlich-Peterson model is the best.

Kinetic aspects: In order to analyze the kinetics behaviour
of the dyes on the adsorbent; two kinetic models; Lagergren’s
pseudo-first order model (eqn. 6) and pseudo-second order
model (eqn. 7) were used to fit the experimental kinetic data
(Fig. 7b):

log (qey— q)) = log q. — kit (6)
t_1, ¢
—=t 7
q h ¢ )

where k; (min™') and k, (g mg™' min™") are the rate constants of
the pseudo-first order and pseudo-second order model respec-
tively; q. (mg g™') is the amount of dye adsorbed on the adsorbent
at time t; h (= k,q2, mg g min™) is the initial sorption rate.
The kinetic parameters obtained are listed in Table-4 and the
correlation coefficient values suggest that the second order
model, which describes the adsorption better.
Photooxidation studies: Preliminary studies reveal that
there is significant photooxidation of the dyes in presence of
MVC and the absorption spectra of the dyes proving their
degradation are shown in Fig. 8. Iron oxide nanoparticles and
iron oxide loaded activated carbon materials are known to
produce sulphate radical ions in aqueous medium, which are
able to oxidize many organic compounds and dyes. Ferrous
ions either from the iron oxide matrix or those generated in
situ from the solid in presence of sunlight [28] and also ferric
ions are able to produce sulphate radical ions which are able
to degrade a variety of organic compounds including phenol

[28], rhodamine B [29], tetracycline [30], methylene blue [31]
and others:

Fe” + $,05" — Fe* + SO, + SO, (®)

S04~ + H,O—— OH’ + HSO4~ ©))
SO, + Dye —— Degradation products (10)
OH'’ + Dye —— Degradation products (11)

Kinetics of the photodegradation were done by the pseudo-

first order model rate expression [32]in terms of eqn. 12:

C

1nc_:) = _kobst (12)
The % degradation of methylene blue and rhodamine B
in sunlight, assisted by potassium persulfate (PPS) with and
without MVC is shown in Fig. 9a along with the kinetic plots
in Fig. 9b. It is evident from Fig. 9a that addition of MVC
greatly enhances the degradation of dyes. Within 30 min, the
degradation efficiencies of methylene blue and rhodamine B
increased from 11.27 to 23.24% and from 14.87 to 26.67%,
respectively, in the presence of MVC. More than 80% degrada-
tion of 15 mg/L dye solutions were achieved at 120 min. The
apparent rate constant obtained also confirm the enhanced degra-
dation of dyes. The rate constant for methylene blue degradation
increased from 1.9 x 107 t0 5.3 x 10~ min™' and that of rhoda-
mine B increased from 5.3 x 10~to 13.0 x 10~ min™' (Fig. 9b).
Effect of variables on photooxidation: The effect of vari-
ables like concentration of MVC, concentration of PPS, pH
and degradation performances of MVC for five number of cycles
are done and the results are presented in Fig. 10a-d. Concen-
trations of MVC were varied from 0.5 g/L to 1.5 g/L. Increase
in MVCinitially lead to greater reduction in dye concentrations
and ultimately the degradations tend to be become saturated

TABLE-3
ISOTHERM CONSTANTS FOR ADSORPTION OF DYES ON MAGNETIC VETIVER CARBON (MVC)

Dye Langmuir Freundlich Redlich-Peterson
K, 0.5994 K, 2.4702 Kq 29.8215
b 0.1004 n 3.1057 be 11.0704
Methylene blue Qua (Mg &™) 5.9707 /n 0.3220 B i
r 0.9141 r 0.9962 2 0'9973
K, 0.2670 Ky 0.2735 Kr 0.1913
Rhodamine B b 0.2790 n 2.5646 br 0.0898
odamine Qua (Mg &™) 0.9570 /n 0.3899 B 1.2729
r’ 0.9759 r’ 0.8776 % 0.9882
TABLE-4
KINETIC PARAMETERS FOR ADSORPTION OF DYES ON MAGNETIC VETIVER CARBON (MVC)
Dye First order Second order
Qeenp (Mg &) 4.2708 Qeterpy (M &) 4.2708
Gy (mg &) 1.8126 Gy (mg &) 3.9574
Methylene blue k; (min™") 1.89 x 107 k, (g mg'min™") 1.397 x 10

r 0.9544 h (mgg™' min™") 0.2188

? 0.9973

qe(exp) (mg gil) 26223 qe(exp) (mg gﬁl) 26223

Qey (mg g7) 1.1800 Qe (mg g7™) 2.2920

Rhodamine B k, (min™) 242107 k (g mg'min™) 242 x 1072
r 0.9303 h (mgg™"' min™") 0.1272
P 0.9979
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Fig. 9. Photodegradation kinetics of methylene blue and rhodamine B on magnetic vetivar carbon (MVC)

when 1.5 g/ MVC was used. It is to be noted that the time
required for complete decolourization goes higher at increased
MVC concentrations. For example, for rhodamine B, it takes
150 min for complete colour removal with 0.5 g/l MVC and
only 125 and 90 min with 1.0 and 1.5 g/LL MVC. The steep
raise in the performance supports the greater number active
species that are produced from the magnetic carbon. As far as
the variation in the concentration of PPS is concerned, perfor-
mances increased rapidly from 1 mM to 5 mM but further
increase does not greatly change the degradation. Acidic pH
generally found to increase the degradation performance of
MVC over both the dyes (Fig. 10c). This is acceptable because
ferrous and ferric ions activity can only be realized in acidic
media, where as basic media generally inactivate them by means
of precipitation. To test the applicability of MVC for practical
situations, five number of degradation experiments were perf-
ormed with the catalyst being regenerated after each perfor-
mance by repeatedly washing with water and drying at 120

°C. The results (Fig. 10d) show that not much change in the
capacity even after five cycles. The slight decreases obtained
could be due to loss of MVC or loss of active sites during the
operations.

Comparison of MVC with other photocatalysts: Finally,
an attempt has been made to compare the degradation capacity
of MVC in terms of the first order rate constant with other
catalysts that are reported in recent years (Table-5). It appears
that its capacities are comparable with some nano composites
and can be successfully used for the decolourization of waste-
waters containing methylene blue and rhodamine B dyes.

Conclusion

In this work, magnetic vetiver carbon has been synthesized
by a simple impregnation-carbonization procedure. Reasonable
magnetic moment of the composite as evident in the VSM
studies helps the separation of the adsorbent from dye effluent
using an external magnet. The surface morphology, functional
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10. Effect of magnetic vetiver carbon (MVC) concentration (a), persulphate concentration (b), pH (c) and number of cycles of operation
on the photocatalytic degradation of methylene blue and rhodamine B (d)

TABLE-5
COMPARISON OF PHOTOCATALYTIC PERFORMANCE OF MAGNETIC VETIVER CARBON (MVC) WITH OTHER CATALYSTS
Dye ([IE;Z]) Photocatalyst [C?;‘]lj;sq Light source k x 10 min™" Ref.
50 GaN-ZnO/g-C;N, 0.500 75 W lamp 16.7 [33]
Methylene 40 PoPD-modified TiO, nanocomposite 0.030 1000 W xenon lamp 0.80-2.3 [34]
blue 3.2 MnTiO; nanoparticles 0.100 Sunlight 5.25 [35]
15 Vetiver biomass derived magnetic carbon 0.500 Sun light 5.3 Present work
20 Fe-Cd co-doped ZnO nanoparticle 0.100 300W Xe lamp 9.16 [36]
40 Biomass derived activated carbon 0.200 300 W Xe arc lamp 24.0 [37]
Rhodamine supported CdS nanomaterials
B 6 Zinc oxide activated charcoal polyaniline 1.000 Compact 31.0 [38]
nanocomposite fluorescent lamp
15 Vetiver biomass derived magnetic carbon 0.500 Sun light 13.0 Present work

groups, surface area, surface properties are characterized by catalytic efficiencies of 87.42% and 83.08%, for methylene
SEM with EDAX, FTIR, BET and XRD studies. The adsor- blue and rhodamine B, respectively, were found when 15 mg/L.
ption capacity of MVC was tested with cationic dyes methylene dyes solutions were irradiated in sunlight in presence of 1 mM
blue and rhodamine B from aqueous solutions and it was also persulphate and 0.5 g/ MVC. The catalyst retained its activity
found to act as an efficient photocatalyst for the degradation after five complete cycles of performances.

of these dyes in presence of persulphate and sunlight. Photo-
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