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Abstract
Magnetic iron oxide nanoparticles are attractive to many researchers because of their wide ranging applications viz. data
storage, magnetic fluids, adsorbent, catalysis, biotechnology, biomedicine and environmental remediation. In the present
prese
study, efforts have been made to develop magnetic
magne iron oxide nanoparticles activated carbon composite (MIONAC). The
activated carbon is prepared from corncob using zinc chloride as an activating agent in a modified muffle furnace with N2gas inflow arrangement and magnetic nanoparticles by chemical co
co-precipitation
precipitation method. The prepared corncob activated
carbon (CCAC) and Magnetic iron oxide nanoparticles activated carbon composite (MIONAC) are characterized for N2BET surface area, SEM, FT-IR,
IR, XRD, TEM, pHpzc and VSM. The N2-BET
BET surface area of the MIONAC (807 m2g-1) is found
lesser than the prepared CCAC (1429 m2g-1). MIONAC
IONAC exhibits super magnetic properties under external magnetic field with
saturation magnetization value 4.15 emu/g at room temperature
temperature. SEM of the CCAC and MIONAC shows the presence of
cracks and crevices. TEM of MIONAC shows nanoparticles with size in between 10-20
10 20 nm. A broad peak at 2θ = 240 in XRD
of CCAC and MIONAC indicates the presence of amorphous carbon. The adsorption isotherms and kinetic studies using
CCAC and MIONAC as adsorbents and phenols as adsorbates. The adsorption data shows that the adsorption capacity (Q0)
value of MIONAC (90 mg/g) is slightly lesser than the CCAC (125 mg/g). Langmuir kinetic model best suits for
determination of adsorption and desorption consta
constants
nts for organic pollutants phenols on both CCAC & MIONAC.
Keywords: Corncob, Chemical coprecipitation, Magnetic nanoparticles, Phenols, Adsorption isotherm, Kinetics.

Introduction
Many industrial wastes contain organics which are hazardous
and non-biodegradable.
biodegradable. Phenols as a class of organic
compounds are toxic in nature and slightly pungent and bad in
odour. Removal of these pollutants from wastewater has
become great challenge to wastewater treatment technologies.
Various treatment technologies viz. steam distillation, oxidation
using strong oxidising agent, coagulation, filtration, reverse
osmosis, photo catalytic treatment and adsorption on activated
carbon have been developed to minimize organic pollutants.
However, adsorption onto surface of activated carbon has been
proved one of the most efficient and economically viable
methods for removal of these priority organic pollutants, namely
phenol, o-cresol, p-nitrophenol
nitrophenol and anilin
aniline. There are several
reports on adsorption of organic pollutants on activated carbon.
Casta and Rodrigues studied the adsorption of phenol and pp
nitrophenol from aqueous phase on GAC1 and interpreted
experimental data by IAS theory formulated by Radke and
Prausnitz2. Chern and Chien investigated competitive adsorption
of benzoic acid and p- nitrophenol onto activated carbon and
concluded that GAC has higher affinity to PNP than Benzoic
acid3. Fritz and Schlunder proposed a general empirical
equation forr calculating the adsorption equillibria of organic
solutes in solution and successfully tested for aqueous solution
of phenol and p-nitrophenol4. Srivastava and Tyagi Studied
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competitive of substituted phenols by activated carbon
developed fertilizer wastee slurry5. Khan et al presented
adsorption of phenol-based
based organic pollutants on activated
carbon from multi-component
component dilute aqueous solutions6.
Activated carbon, a widely used adsorbent, is mainly composed
of carbonaceous material with high surface area
are and porous
structure7. The extensive application of activated carbon is
mainly due to its high adsorption capacity and cheap or zero
cost of the starting carbonaceous materials used for the
preparation. Numerous studies have been devoted to preparation
of low-cost
cost high quality carbon adsorbents for treatment and
purification of water, air as well as various chemical and natural
products8. The raw materials being used are usually
carbonaceous materials like wood9, coal10, nut shells11, husks12
and most agricultural
icultural by-products
by
materials13. Typically
agricultural by-products
products or wastes such as olive cake14,
15
bagasse , coconut husk16, and palmshell17 are used as the
starting materials to prepare activated carbon.
Nowadays, nanoparticles are not only widely applied
ap
in the
fields of medicine, molecular biology and bioinorganic
chemistry, but they are also well known in environmental
science18. The main advantage of this technology consists in its
capacity of treating large amount of wastewater within a short
timee and producing less contamination19. Magnetic filtration is
24
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emerging as a water treatment technology, which can provide
rapid, efficient contaminant removal from aqueous waste
streams20. MIONAC adsorbents can easily be separated from a
solution using a magnetic retriever.
In this work Magnetic iron oxide nanoparticles activated carbon
was prepared by coprecipitation method for the removal of
phenol from aqueous solution.

Materials and methods
The corncobs were collected from the local market of Nagpur
City (India), crushed and sieved through 5mm and 2mm sieves
to get -5 to +1mm size fraction. The screened mass is washed
with distilled water to remove any dirt and dried. All chemicals
used were analytical grade obtained from Merck, India.
Preparation of activated carbon: The -5 to +1mm sized
corncobs were impregnated with zinc chloride in different ratios
and kept undisturbed for 24 hours. Impregnated material was
carbonized in a modified muffle furnace with N2 gas inflow
arrangement at 500-900 0C for 1-3 hours. After carbonization,
the sample was de-ashed with 5N HCl followed by washing
with distilled water. The washed carbon was dried at 108±20C
in a moisture oven for 24 hours and kept in a desiccator.
Preparation of magnetic iron oxide nanoparticles activated
carbon composite (MIONAC): The Magnetic iron oxide
nanoparticles activated carbon composite (MIONAC) was made
by a chemical co-precipitation method. Synthesis of iron oxide
magnetic nanoparticles was carried out by co-precipitation
method of ferric and ferrous salts under the presence of N2 gas.
17g FeCl3 and 7g of FeCl2 were dissolved in 250 ml of
deoxygenated distilled water. After stirring for 60 minutes,
chemical precipitation was achieved at 350C under vigorous
stirring by adding of 2M NaOH solution under the presence of
N2 gas. The reaction system was kept at 700C for 6 h and pH of
solution 10-11. Complete precipitation of Fe3O4 expected at pH
between 8 and 14 21. Later the system was cooled to room
temperature and the precipitate was separated by a permanent
magnet. This precipitate was washed with deoxygenated
distilled water until pH of the washing was neutral. Finally
Fe3O4 was washed with acetone and dried in an oven at 60700C. The relevant chemical reaction can be shown as follows;
Fe2+ + 2Fe3+ + 8OH-→Fe3O4 + 4H2O

(1)

To prepare MIONAC, Fe3O4 magnetic nanoparticles were
combined with aqueous suspension of activated carbon. In the
first step, a known quantity of activated carbon was impregnated
with nitric acid (63%) and kept undisturbed for 3h at 100°C by
using an ultrasonic bath. The sample was then filtered and dried
in a room temperature. Subsequently, aqueous suspension of 5g
obtained activated carbon was added into 200 ml of aqueous
solution containing Fe3O4.9H2O and placed in ultrasonic bath
for 1 h at 100°C. Then the sample was filtered and dehydrated
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in an oven at 100°C for 1 h. The sample was heated in a muffle
furnace at 800°C for 3h under nitrogen gas atmosphere. The
synthesized MIONAC was washed with deionised water for
four times and then dried at a 100°C in a moisture oven and kept
in a desiccator for use.
Method for adsorption isotherm and kinetics study: For
adsorption isotherm and kinetics experiments, adsorbate
solutions of different concentrations were prepared by diluting
the stock solution with calculated volume of water. The initial
concentration
was
analyzed
by
ultraviolet-visible
spectrophotometer.
Adsorption kinetics was monitored by adding 3g weighed
CCAC and MIONAC were introduced into 3L of phenol
solution of known concentration with constant stirring at 30°C
stirred at 180 rpm. The whole system was kept in a thermostatic
water bath.
Characterization of raw material and prepared CCAC and
MIONAC: Proximate and ultimate analysis: The proximate
of CCAC and MIONAC were carried out as per IS 1350 (part
1), 1974 and ultimate analysis by CHNSO analyser microcube,
Elementar, Germany. The quality of prepared activated carbon
depends on the source material and method of preparation.
Proximate analysis and ultimate analysis results of raw material,
prepared CCAC and MIONAC are reported in Table-1 and 2.
The proximate data of raw material shows low ash content;
5.8% and high volatile matter; 77%. The ultimate analysis (on
dry mineral matter free basis) of raw material shows carbon of
60.93% and hydrogen 8.26%. It can be concluded from the
proximate and ultimate data that the Corncobs are very suitable
raw material for preparing activated carbon. The proximate and
ultimate analysis of prepared CCAC shows very high moisture
(26.7%), low ash (2.6%) and high carbon content (81.40%). In
comparison, of CCAC, MIONAC shows high ash content
(15.2%) and low carbon content (56.6%). This is due to
dispersion of Fe3O4 nanoparticle in the CCAC pores.
Iodine number, N2-BET Surface area and pore volume: To
determine micro pores structure of CCAC and MIONAC, iodine
number, surface area and pore volume as shown in Table-3. The
iodine number and surface area reduces in MIONAC because,
pores of CCAC with Fe3O4 nanoparticles.
Scanning electron microscopy: The surface morphology of
CCAC and MIONAC were studied from SEM. The SEM
micrographs of CCAC and MIONAC are shown in Figure-1 (a,
b) and Figure-1 (c) respectively. A porous, spongy texture in the
case of CCAC can be seen in Figure-1 (a, b). The micrograph,
Figure-1(c) show the morphological changes due to iron oxide
impregnation on the surface of the carbon matrix with mass
ratio of 1/2 respectively. After iron oxide impregnation, the
surface texture shows less spongy structure than CCAC. It is
suggested that the formation of well-dispersed iron oxide
nanoparticles covering CCAC surface led to such structure.
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particles formed tend to cluster as they are magnetic in nature22.
The primary carbon particles are interconnected
interconnecte with each other
to form networks. MIONAC primary particles exhibited a
rounded cubic shape with an almost homogenous in size
distribution. The iron-oxide
oxide nanoparticles are well dispersed.

Transmission electron microscopy: TEM micrograph for the
prepared MIONAC as shown in Figure
Figure-2. From these
micrographs it is observed that the particle size of the
nanoparticles lie in the range of 20-80
80 nm. Fe3O4 nanoparticles
with a cubic structure are clearly visible in the micrographs. The
Table-1: Proximate analysis of raw corn cob, CAC
C
and MIONAC.
Activated Carbon

Moisture %

Ash %

Volatile Matter %

Fixed Carbon %

Corn Cob

6.8

5.8

77

10.4

CCAC

26.7

2.6

22.2

48.5

MIONAC

21.7

15.2

12.4

51.1

Table-2: Ultimate analysis of CCAC and MIONAC.
Activated Carbon

Carbon %

Hydrogen %

Nitrogen %

Sulphur %

Corn Cob

60.93

8.26

5.87

BDL

CCAC

81.40

0.81

1.64

BDL

MIONAC

56.60

0.22

1.44

BDL

BDL: Below detectable limit
Table-3: Characteristics of CCAC and MIONAC
Adsorbent

Iodine number, mg/g

N2-BETsurface Area, m2/g

Pore volume, cm3/g

CCAC

1356

1429

0.7404

MIONAC

702

807

0.3758

Figure-1: (a), (b) SEM images showing morphology of CCAC and (c) MIONAC.
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Figure-2: TEM image of MIONAC.
FT-IR spectroscopic analysis: To resolve the functional
groups present and its wave numbers, FT
FT-IR of CCAC and
MIONAC were carried out by using Fourier transform infrared
spectrophotometer (FT-IR)
IR) (Perkin Elmer, PE
PE-RXI) in the range
of 450-4000cm-1. The FT-IR
IR spectra in Figure-3
Figure (a) and (b)

clearly show various surface groups present on the Corncob
activated carbon surface and magnetic activated carbon surface.
In FT-IR of CCAC (Figure-33 (a)), the predominant presence of
free phenolic –OH
OH stretch vi
vibration around 3148 cm-1is
observed. The band around 2372cm-1 is due to carboxylic O-H
stretch vibrations. The band around 1559cm-1 is observed due to
the presence of carboxylate group COO-. The peak at 1401cm-1
is due to C-N
N vibrations of aliphatic amine. The spectra around
1000cm- and below is marked by the noisy spectrum that may
due to the presence of mineral matter. In FT-IR
FT
spectra of
MIONAC (Figure-3
3 (b)) a broad and strong band at 3747-3272
3747
cm-1 is due to the stretching vibrations of –OH, which is
assigned to OH- absorbed by Fe3O4 nanopartcles. MIONAC
exhibits a carbonyl peak at 1110 cm−1, and peaks at 690 cm-1
and 587 cm-1 which are attributed to the Fe
Fe-O bond vibration of
Fe3O4 compatible with the presence of iron oxides in the
sample23.

Figure-3: (a) FTIR of CCAC.

Figure-3: (b) FTIR of MIONAC.
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X-ray Diffraction: The X-ray
ray diffraction (XRD) patterns of
MIONAC and CCAC were obtained on a powder X-ray
X
diffraction system from analytical model XPERT-PRO
XPERT
diffractometer. Powder XRD are shown in Figure
Figure-4 (a) and (b).
The XRD of CCAC shows only one broad peak at about 2θ =
240 which confirms the amorphous nature of the carbon and
MIONAC display a sharp peaks at 2θ = 34.470. The magnetite
gives a peak at 2θ = 34.6530 and maghemite gives a peak at 2θ =
35.5970.
Hysteresis and magnetic moment measurements: The
magnetic properties
ties of a ferromagnetic material are represented
by the plots of magnetization (M)) against the field strengths

giving the hysteresis loop. The hysteresis measurement was
carried out using Lakeshore vibrating sample magnetometer
(VSM) 7410 at room temperature.
temperatu
The suitability of
ferromagnetic materials for application depends on
characteristics shown by their hysteresis loops24 obtained from
plots of magnetization (M) against the field strengths.
Magnetization properties were investigated at room temperature
by VSM which quantified the magnetic behaviour. The
saturation magnetization of magnetic activated carbon is 4.15
emu/g at room temperature as shown in (Figure
(Figure-5 (a)).
However, MIONAC has a good response under the additional
permanent magnetization (Figure-5
(Fig
(b)), which made the solid
and liquid phases separate quickly.

Figure-4: (a) XRD of CCAC.

Figure-4: (b) XRD of MIONAC.
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The adsorption data shows that the adsorption capacity (Q0)
value of MIONAC (90mg g-1) is slightly lesser than the CCAC
(125 mg g-1) but the separation of adsorbent from the solution is
easier by using a magnet. The Q0 values for phenol adsorption
decrease with iron oxide loading. The reduction in Q0 values
can be attributed to reduction in surface area and pore size of
iron oxide loaded samples.

0.8
0.6
mag.moment

0.4
0.2
0
-0.2

The linear form of Freundlich adsorption isotherm26 is as
follows:

-0.4
-0.6

Moment

log(Qe) = logKf+1/n log (Ce)

-0.8
-20000

-10000

0
10000
20000
Mag.field
Figure-5: (a) VSM Magnetisation Curve of MIONAC.

Where: Ce is the equilibrium concentration (mg/L), Qe is the
amount adsorbed (mg/g). Kf and n are Freundlich constants
related to adsorption capacity and adsorption intensity. The
value of Kf and 1/n are obtained from the slope and intercept of
the linear Freundlich plot of Log Qe vs. Log Ce in Figure-7(a)
and (b) and the values shown in Table-4.
It shows that, the decrease in Kf values reveal a reduction of
adsorption capacity of MIONAC due to iron oxide loading.
Freundlich constant 1/n is known as indicator of adsorption
intensity.
The BET adsorption equation can represented as:
Ce/Qe (Cs-Ce) =1/Q0z + (z-1/Q0z)*Ce/Cs

Figure-5: (b) MIONAC attracted by magnetic retriever.

Results and discussion
Adsorption isotherms: In order to study the dominant
adsorption mechanism and to compute various adsorption
parameters three adsorption models, namely Langmuir,
Freundlich and BET were used.
Langmuir adsorption model25 and its parameters strongly
indicate the monolayer behaviour of adsorption phase. The
linear form of the Langmuir adsorption isotherm is given by the
following equation:

Where: Qe is the amount adsorbed per unit weight of the
adsorbent, mg/g at equilibrium, Q0 is the monolayer capacity of
adsorbent, mg/g, Ce is the equilibrium concentration of
adsorbate in solution, Cs is the saturated concentration of the
adsorbate and z is BET constant. BET parameters Q0 and z were
calculated from the graph plotted between Ce/Cs vs Ce/Qe (CsCe) in Figure-8(a) and (b) The values shown in Table-4, it is
seen that the Q0 values decreased for phenol adsorption on
MIONAC as compared to CCAC.
Kinetic study for MIONAC: In the present study, a simplified
interpretation of the kinetics data based on Langmuir theory27.
Kinetic study were analysed using Langmuir Kinetic equations,
ln[(Ct-Ce)/(Ct+a)]=-kCet +ln[(C0-Ce)/(C0+a)]

1/Qe = (1/Q0) + (1/Q0b) x 1/Ce

Where, a= (C0/kCe) and k= Ka/Kd

Where: Qe is the amount adsorbed per unit weight of the
adsorbent, mg/g at equilibrium, Q0 is the monolayer capacity of
adsorbent, mg/g, Ce is the equilibrium concentration of
adsorbate in solution, and b is Langmuir constant.

Figure-9(a) and (b) shows the adsorption kinetics of phenol onto
CCAC and MIONAC and the changes in the phenol
concentration with time in aqueous phase. The adsorption rate
constant ‘Ka’ and desorption rate constants ‘Kd’ thus evaluated
by plotting ln[(Ct-Ce)/(Ct+a)] against t, (Figure-9) and the value
of adsorption rate constants for MIONAC are given in Table-4.
The Langmuir adsorption kinetics model fits well in the present
study as the R2 value ranges from 0.99.

Langmuir parameters Q0 and b were calculated from the slope
and intercept of the linear plots of 1/Qe vs. 1/Ce as depicted in
Figure-6(a) and (b) and data are shown in Table-4.
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Figure-7(a): Freundlich adsorption graph of CCAC.
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Figure-6a): Langmuir adsorption graph of CCAC.
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Figure-6b): Langmuir adsorption graph of MIONAC.
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Figure-7(b): Freundlich adsorption graph of MIONAC.

0.000012

Ce/Qe(Cs-Ce)

0.000010
0.000008
0.000006
0.000004
P-AC

0.000002

Linear (P-AC)

0.000000
0.0000

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

0.0007

Ce/Cs
Figure-8(a): BET adsorption graph of CCAC.
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Figure-8(b): BET adsorption graph of MIONAC.
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Figure-9(a): Langmuir kinetic graph of CCAC.

ln((Ct-Ce)/(Ct+a))

0
0
-1
-2
-3
-4
-5
-6
-7

50

100

150

200

250

300

350

P-MAC
Time (min)
Figure-9(b): Langmuir kinetic graph of MIONAC.

Table-4: Adsorption isotherm constants and kinetic constants for organic pollutants phenol on CCAC and MIONAC.
Langmuir
BET
Freundlich constant
Kinetics constant
constant
constant
Sr. No.
Adsorbent
Adsorbate
Q0
b
Kf
1/n
Q0
Z
Ka
Kd
1

CCAC

P

125

0.2105

22.181

0.552

125

6999

19.90

0.0052

2

MIONAC

P

90

0.0378

9.268

0.464

90

3999

9.90

0.0027
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Conclusion
Corncob activated carbon (CCAC) and magnetic iron oxide
nanoparticles activated carbon (MIONAC) were prepared for
the removal of phenol from aqueous waste. The characterisation
of corncobs and prepared activated carbon show that the
corncobs are potential raw material to prepare activated carbon.
SEM of CCAC shows crackes and crevices while SEM of
MIONAC shows the dispersion of Fe3O4 nanoparticles on
activated carbon as the pores are not very clear. FT-IR Spectrum
of CCAC and MIONAC show the presence of various surface
groups with predominant presence of phenolic –OH. The other
surface groups present are carboxylic, carbonyl and aliphatic
amines.
The peaks at 690cm-1 and 587 cm-1 are attributed to Fe-O bond
vibration of Fe3O4 compatible with the presence of iron oxides
in the sample. The XRD of CCAC shows only one broad peak
at about 2θ = 240 which confirms the amorphous nature of the
carbon and MIONAC display a sharp peaks at 2θ = 34.470. The
magnetite gives a peak at 2θ = 34.6530 and maghemite gives a
peak at 2θ = 35.5970. The TEM of MIONAC shows iron oxide
nanoparticles of size 10-20 nm. VSM of MIONAC shows 4.15
emu/g of magnetic strength. The adsorption data shows that the
adsorption capacity (Q0) value of MIONAC (90 mg/g) is
slightly lesser than the CCAC (125 mg/g).
Langmuir kinetic model best suits for determination of
adsorption and desorption constants for organic pollutants.
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