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ABSTRACT

The current study involves the preparation of highly porous carbon based nanocomposites from
coconut shell in specially designed chamber. The prepared adsorbent was characterized through
SEM, XRD, TG/DTA, SAA and FTIR. The adsorbent exhibited high surface area (217.06 m?/g) and the
presence of magnetic iron oxide in the composite structure was evident from SEM, FTIR, EDX and
XRD images. Freundlich and Langmuir isotherms were used for determining adsorption parameter
of the prepared adsorbent. The equilibrium time for ochratoxin A adsorption on prepared adsorbent
from coconut shell at pH 7 was 240 min. The value of AS° (82 KJ-mol™-deg™) was positive while the
values of AH® (21 KJ-mol™) and AG® (-2.75, -3.57, —4.39 and —5.21 KJ-mol™ at 30, 40, 50 and 60°C corre-
spondingly) were negative. The negative value AH° shows that the adsorption process is exothermic
and increased negative values of AG® with temperature demonstrated that the adsorption process

was favorable at high temperature.
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1. Introduction

Mycotoxins are the secondary metabolites of toxigenic
fungi which are unavoidable contaminants in feeds and
foods, bringing about injurious effects upon animal and
human health [1]. Zearalenone, deoxynivalenol, T-2 toxin,
aflatoxins, fumonisins and ochratoxins are the frequently
occurring fungal toxins in naturally contaminated feeds and
foods [2]. The fungal strains of genus Aspergillus and Peni-
cillium like Aspergillus ochraceus, Aspergillus niger, Aspergillus
carbonirus and Penicillium verocosum produce ochratoxin [1].

Structurally, all the ochratoxins consist of derivatives of
polyketide dihydrocoumarin moiety linked through the 7-
carbon group to L-B-phenylalanine by an amide bond [2].
The contamination of ochratoxin A in pre- and post-harvest
management is widespread and is extensive one as com-
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pared to other mycotoxins contaminations in poultry feed.
The contamination prevalence of ochratoxin A is even high
when the environmental conditions are favorable for fungal
growth (high moisture contents in feed). The presence of
ochratoxin A can be confirmed in food products even in the
absence of visible mould as well [3]. There is an increas-
ing interest in the development and application of feasi-
ble techniques for control of mycobiota and detoxification
of their toxin in feed and food. Various chemical, physical
and biological measures and treatments have been taken
into account for ochratoxin detoxification [4]. Application
of adsorbents for the treatment of mycotoxicosis in animals
and poultry birds is one of the effective methods [5].
Activated carbon due to its high surface area is widely
used for the removal of organic and inorganic contami-
nants from water. However, the high cost of commercial
activated carbon has compelled the researchers to prepare
the efficient activated carbon with minimum price and
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from such materials that are available abundantly. The
waste biomass have been used by many authors for the
preparation of activated carbon [6,7]. The other problem
associated with activated carbon is its light weight due to
which it’s settling time in reactors is high. To remove this
discrepancy, a number of authors have attempted to ren-
der it magnetic which can then be easily removed from
slurry after treatment through magnetic process. Unfor-
tunately magnetic oxides deposition on activated carbon
considerably decreases its surface area [8]. In order to
solve this problem the present study was aimed to prepare
highly porous magnetic nanocomposites from coconut
shell and to analyze its in vitro efficacy of detoxification
of ochratoxin A.

2. Material and methods

2.1. Preparation of highly porous carbon based
nanocomposite

Preparation of adsorbent was carried by following the
method of Khan et al. [9] with slight modification. Coconut
shell was utilized as bulk material for preparation of carbon
based adsorbents. The material was crushed and soaked in
ethanolic FeCl,-6H,0 (10% w/v). After 30 min, the biomass
was taken out and shade dried for about 24 h at room tem-
perature. The dried material was then passed through pyrol
fumigation for 48 h for pyrolysis. The pyrol treated material
was further shifted to oven for drying at 100°C for 5 h. After
that the sample was charred in a specially designed cham-
ber consisting of electric heater, wire gauze, inlet, exhaust
outlet and supply of nitrogen gas (to provide inert environ-
ment). Temperature in the chamber was 500°C, which was
achieved in such a manner that there was 10°C increase in
temperature/min. The partially treated material was kept
in the chamber for 2 h to accomplish the process. A mag-
netic bar was also used to note its magnetic property. When
the produced sample was subjected to magnetic bar, all the
sample contents stick to it. This clearly indicated that for-
mation of Iron oxide has occurred. After iron oxide carbon
nanocomposites were produced, it was treated with dif-
ferent concentrations of HNO, solution for 75 min. Excess
of Iron oxide was released by acid treatment and porosity
was enhanced in Iron oxide carbon based nanocomposites.
After treatment with acid the composite was subjected to
bar magnet.

2.2. Characterization of nanocomposites

The prepared Iron oxide carbon nanocomposite was
then characterized by different instrumental techniques like
SEM, XRD, TG/DTA, SAA and FTIR.

The SEM analyses of the detectable features of sam-
ples were done by putting the sample on SEM grid and
gold coated through sputter coater (SPI, USA) at 30 mA for
2 min. The images were then taken by Joel JSM-5910 SEM at
an accelerating voltage of 20 KV.

XRD analyses was carried out using Joel X-ray diffrac-
tometer, JDX-3532 (current = 2.5-80 mA, voltage = 20-60 kV,
X-rays = Cu Ko, 26 = -3 to 160°). The analyses of sample
was carried by XRD with Ni filter, using monochromatic Cu

K-a radiation of 1.5418A° wave length. The X-ray generator
was switched on at 40 kV and 30 mA. The scanning range
26/6 and scanning speed 10 min™ were employed for pre-
cise determination.

Elemental composition of the prepared highly porous
carbon based adsorbent was determined by using EDX
linked with SEM JSM-5910 (JEOL. Japan) model INCA 200
X-sight Oxford Instrument U.K. The dispersed particles
were placed on both sides of adhesive tape and then placed
on stub of microscope made up of aluminum.

TG/DTA of the prepared highly porous carbon based
adsorbent was done by Diamond Series TG/DTA Perkin
Elmer, USA analyzer using Al,O, as reference.

The quality and utility of material are determined by
two important physical parameter including surface area
and porosity. The variations in the porosity and surface area
of adsorbent material influence its performance to a great
extent. About 0.1 g of iron oxide carbon based adsorbent
was taken and analyzed by Surface Area Analyzer (NOVA
2200e Quantachrome, USA) using N, as purge gas.

The IR spectra of the prepared sample were obtained by
using IR Prestige-21, Shimadzu Japan .The scanning of the
prepared sample was carried in the range of 750-525 cm™
and 4000-600 cm™.

2.3. Determination of kinetics parameters

The kinetics of ochratoxin A adsorption was carried out
in line with the approach of Stroka et al. [10]. To determine
the equilibrium time of adsorption and best kinetics model,
a series of 25 mL flasks were taken and 5.4 mL ethanol and
13 mL distilled water (pH 7) were poured in it. Each flask
was spiked with known quantity of standard ochratoxin A
(400 ppm = 400 mg-L™). Then the prepared adsorbent was
put into flasks to attain 0.5% w/v concentration of adsor-
bent in each flask. Rotation of these flasks was carried at
300 rpm and room temperature for different time intervals.
Separation of sorbents was carried out using Watman No-1
filter for each period time. The remaining concentrations of
the adsorbate were determined using HPLC (Hitachi model
L-200).

2.3. Ochratoxin quantification by HPLC system

Quantification of ochratoxin A was carried out by using
HPLC system (Hitachi model L-200) with two pumps
L-2130, automobile injector L-2200 and fluorescence detec-
tor L-2458 (Macoa, Japan). Through sonication degassing of
the mobile phase was carried (acetonitrile/methanol/nor-
mal water at the ration of 8:27:65, v/v/v). The column inter-
silODS-3 (25 cm x 4.5 mm IL.D., 5 nm, GL knowledge, Tokyo,
Japan) was linked as LC column and retained at 40°C. The
injecting volume was 20 pl with rate of flow of 0.8 mL/min.
The ochratoxin A was detected at the wavelengths of 365
and 450 nm (excitation and emission), respectively.

2.4. Determination of adsorption parameters

A series of flasks were prepared to obtain the required
concentrations of 150, 175, 200, 225, 250, 275, 300, 325, and
350 ppm. All the flasks were shaken at 300 rpm for 450
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min at room temperature. After separation of adsorbent
the solution were subjected to HPLC analyses as described
above.

2.5. Determination of the effect of pH on adsorption

A series of 25 mL flasks were prepared to optimize pH
for ochratoxin A adsorption. The range of pH was kept
from 1-14 and spiked with standard ochratoxin A to attain
concentration of 400 ppm before adding to sorbent. All
the flasks were rotated at 300 rpm for 450 min. Then the
sorbent was separated and LC analyses was carried out as
described above.

2.6. Effect of temperature on adsorption

Adsorption experiments on ochratoxin A (400 ppm)
solutions were conducted at 30, 40, 50, and 60°C for 450 min.
Then the adsorbent was removed and the subsequent con-
centrations of contaminant were determined as mentioned
above.

3. Results and discussion
3.1. Prepared and characterization of nanomaterials
3.1.1. Characterization by surface area analyzer

The surface parameters of highly porous carbon nano-
composite prepared from coconut shell is presented in Table
1. The prepared adsorbent exhibited comparable surface
area (217.06 m?/g) with micro pore volume of 1.30 cm?®/g,
total pores volume of 3.71 cm?®/g and average pore diameter
of 65.31 A°.

It has been claimed that the surface area of the carbon
nanocomposite can be increased up to 2500 m*/g through
chemical or physical activation [11]. Zhang et al. [11] pre-
pared highly porous carbon from rice straw and corn stalks
after chemical activations and observed increase in surface
area due to activation. The surface area reduction due to
iron oxide deposition has already been reported by Khan
et al. [12]. Muhammad et al. [13] reported the surface area
parameters of the iron oxide carbon nano-structures pre-
pared from biomass. It has been noted that the values of
surface area, total pores volume and micropore volume
were very less as compared to our results. The surface area
reported in this paper is less as compared to commercially
available activated carbon. If we look to iron oxide compos-
ites surface area in literature, then it is comparatively high

Table 1
Surface characteristics of highly porous carbon nanocomposite
prepared from coconut shell

Physical properties Values
BET surface area, m?/g 217.06
Langmuir surface area, m?/g 989.12
Total pore volume, cm?®/g 3.71
Micropore volume, cm®/g 1.30
Average pore diameter, A’ 65.31

and its reason is that we have removed 50% of the deposited
iron oxide through nitric acid treatment in order to increase
the surface area.

3.1.2. SEM analyses

SEM was used to investigate the morphology of Iron
oxide carbon nanocomposites (Fig. 1). Through SEM tech-
nique, it is possible to observe the surface defects of the
material [14,15]. The white patches of Iron oxide are clearly
seen in the pictograph whereas the black area representing
the carbon. The SEM picture also indicated the over deposi-
tion of Iron oxide on the surface of carbon.

Although a number of researchers have prepared
magnetic carbon nanocomposites, for example Jorge et
al. [16] developed magnetic carbon nanocomposite and
particle sizes of Iron oxide were noted ranging between
8.0 to 22 nm. Similar studies were also conducted by
Zahoor and Khan [8] in which they prepared Iron oxide
nanocomposite from bagasse and maize straw and used
for the detoxification of aflatoxin B1. Muhammad et al.
[8,13] develop Magnetic carbon nanostructures from
water melon and melon waste and used for the removal
of heavy metals from water. As depicted from Fig. 1 the
iron oxide over deposition causes reduction in surface
area of composites. None of the researchers have tried
to enhance the surface area of the composites. As the
prepared composite contains iron oxide as integral com-
ponent and its deposition on activated carbon surface
has decreased the surface area, so in order increase the
surface area and retain the magnetic character as well,
the prepared composites were treated with different acid
concentration solutions for 75 min. 0.01 N acid solution
was found optimum as at higher concentrations the total
removal of the iron oxide components were observed
which was not desirable as for magnetic application iron
oxide is needed. In the present study an attempt have
been carried out to enhance porosity of the prepared
composites by treating it with 0.01 N HNO, solution for
75 min.

LIOF

Fig. 1. SEM pictograph of the prepared Iron oxide carbon nano-
structure prepared from coconut shell.
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Fig. 2 displays an overview of the Iron oxide carbon
nanocomposite after treating with HNO,. The enhanced
porosity is evident from its honeycomb like porous surface
which confirms that the excess of deposited iron oxide has
been removed by HNO,. However it should be noted that
concentrated HNO, will totally remove the deposited iron
oxide on the surface of composite. The presence of iron oxide
on the surface of the composite is needed, as the settling
time of activated carbon in the reactor are quite high and
if magnetic oxide is deposited on it, can easily be removed
after treatment from slurry by magnetic process. So its total
removal from composite surface is not desired. To optimize
the HNO, concentration the adsorbent was treated with dif-
ferent concentrations of HNO, solution and after 75 min it
was subjected to magnet bar. The concentration of HNO,,
0.01 N was found to be optimum. At this concentration the
composite was attracted actively by magnet and also it is
evident from the white patches in the SEM image as given
in Fig. 2.

3.1.3. XRD analyses

The XRD analyses of highly porous carbon nanocom-
posite prepared from coconut shell (Fig. 3) shows that
the composite contains crystalline iron oxide on its sur-
face. The diffraction peaks at 26; 17.65, 30.15, 35.50, 37.45,
53.50, 57.10 and 62.35 represent the corresponding indices
of 111, 220, 311, 222, 422, 511 and 440 representing magne-
tite as reported by Zahoor et al. [8] and Muhammad et al.
[13]. Diffraction peaks at 26; 11.30, 22.30, 33.05, 37.45, 40.80,
42.45, 45.20, 50.55, 53.95, 57.17 and 61.40 represents the cor-
responding indices; 020, 110, 130, 200, 121, 140, 131, 211, 221,
151 and 250 which confirms the presence of oo FeOOH (geo-
thite) [17,18], whereas the diffraction peaks at 20; 23.95 and
49.35 corresponds to indices of 012 and 024 representing a
Fe,O, (hematite) [17].

The presence of Iron oxide in nanocages has also been
reported by Hengfei et al. [19]. A similar study of devel-
oping highly porous carbon from bamboo was carried out
by Wan et al. [20] using chemical process. However the

Fig. 2. SEM pictograph of highly porous carbon nanocomposite
prepared from coconut shell.
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Fig. 3. XRD pattern of highly porous carbon nanocomposite pre-
pared from coconut shell.

reported XRD spectra showed amorphous nature of the
prepared porous carbon from bamboo, representing the
complete loss of iron oxide component in porosity devel-
opment. In the study of Al-Qodah et al. [21] the disap-
pearance of Iron oxide was observed when the iron oxide
carbon nanocomposite were treated with HNO, solution.
They attempted to enhance the porosity of the composite.
Amorphous nature of the resulting granular activated car-
bon composite was evident from their XRD pattern. Deng et
al. [22], studied the carburized cotton fabric and observed
the XRD spectrum indicating the amorphous nature of the
analyzed sample.

3.1.4. Characterization by EDX

The highly porous carbon nanocomposite prepared
from coconut shell was characterized by Energy Disper-
sive X-ray. Fig. 4 represents the elemental composition of
composite. The EDX pattern shows the presence of carbon,
oxygen and iron. The iron is present at 0.7, 2.6, 6.5 and 7
KeV indicating iron oxide is still there in the composite
structure.
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Fig. 4. EDX spectra of the highly porous carbon nanocomposite
prepared from coconut shell.
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Hengfei et al. [19] analyzed the magnetic carbon nano-
cages through EDX and reported the presence of Iron oxide
in the composite. The EDX technique has been widely used
to identify metals and /or contaminants in nanocomposites.
Kahani et al. [9] used this technique to verify the presence
or absence of contaminants in carbon nanotubes. Jorg et al.
[16] represented the EDX spectra of activated carbon and
concluded the absence of Fe peaks at deferent level of KeV
that showed the amorphous properties of activated carbon.
According to Hengfei et al. [19] the magnetic carbon nano-
cages after treatment with acid showed a very small peak at
6.4 KeV, however the other intense peaks of Fe were disap-
peared. The appearance small peak at 6.4 KeV may be due
to the remaining of Fe particles in carbon nanocages after
acid treatments. In our study we have optimized the HNO,
concentration and at this concentration all the iron peaks
can be observed.

3.1.5. Characterization by TG/DTA

The decrease in mass of the prepared nanostructures
was observed at different temperature. Fig. 5 represents
the thermogravimetric and differential thermal analyses of
highly porous carbon nanocomposite prepared from coco-
nut shell. TG graph indicates gradual loss of weight up to
390°C. An abrupt fall in loss of weight was noted from 400
to 595°C, whereas no loss of weight was observed above
600°C. In DTA graph, two endothermic peaks at 340 and
540°C were observed representing that maximum heat was
absorbed by the prepared sample at these points. However
two exothermic peaks were also present at 430 and 610°C
that are the signs of maximum loss of mass at these two
stages.

In our previous work we prepared Iron oxide carbon
nanocomposite from bagasse and water melon wastes [8,13].
The prepared composites were analyzed by TG/DTA. Simi-
lar weight loss at two different points with two endothermic
peaks were observed. However the temperatures at which
the endothermic peaks were observed were different.

3.1.6. Characterization by FTIR

FTIR is mainly used to measure the quality of analyzed
sample and thus can provide basic information on the
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Fig. 5. TG/DTA spectra of the highly porous carbon nanocom-
posite prepared from coconut shell.

molecular structure of organic or inorganic compounds.
IR spectroscopy is therefore a powerful technique which
makes available fingerprint data on the chemical compo-
sition of the sample [23]. The mid and far IR spectra of
highly porous carbon nanocomposite prepared from coco-
nut shell are presented in Figs. 6 and 7. The FTIR spectrum
exhibit band at 3412 cm™ showing stretching vibration of
O-H whereas 2600 cm™ representing the aliphatic C-H.
The bands between 1800 to 1600 cm™ can be attributed to
C=0 and C=C respectively [20]. Other significant bands
at 1002.98 and 1130 cm™ are ascribed to C-O stretching as
reported in earlier studies [24]. The band at 587 cm™ (Fig.
6) correspond to stretching of Fe-O deposited in the pores
and surface of the prepared adsorbent as reported by Sneha
et al. [25] and Mohammad et al. [8].

3.2. Adsorption isotherm

By means of Giles isotherm [26], the adsorption capac-
ity of the synthesized adsorbent towards ochratoxin A was
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Fig. 6. Mid IR spectra of the highly porous carbon nanocompos-
ite derived from coconut shell.
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Fig. 7. Far IR spectra of the highly porous carbon nanocomposite
derived from coconut shell.
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determined. The plot of concentration (C) verses amount of
ochratoxin A adsorbed (g) is presented in Fig. 8. On the basis
of curvature and initial slope, Giles classify the isotherms
into; high affinity (H), constant partition (C), sigmoidal (S)
and Langmuir (L) categories. Isotherms in Fig. 8 is C type.
C type isotherms are characterized by the constant partition
of contaminant between solution and substrate up to maxi-
mum possible adsorption. It also indicated that the number
of adsorption sites remains persistent and more sites are
produced with the advancement of adsorption process that
is indicated by linearity of the curve. This is the case where
maximum attraction of solute, rather than solvent persists
for adsorbent. The solute then breaks, enters the substrate
bonds thereby interfering with penetration of solvent.
Langmuir [27] and Freundlich [28] adsorption isotherms
were used to quantify the adsorption potential of ochra-
toxin A on the adsorbents prepared from coconut shell. The
linear form of Langmuir equation is given as follows:

=503 M

In this equation, the amount of ochratoxin A adsorbed
(mg g) is represented by g, equilibrium concentration of
ochratoxin A (mg L) is represented by C, whereas b and
Q, are constants of Langmuir equation. The energy of the
process is represented by b while maximum adsorption
capacity of the adsorbent is indicated by Q,. The plots of
equilibrium concentration (C) against specific adsorption
(C/q) are presented in Fig. 9.

The values of Langmuir constants (b and Q) were
obtained from the slope and intercept of the plot given in
Fig. 9 and were found to be 0.181 mg g and 177.6 mg g!
respectively while R? value was 0.985 (Table 2). The adsorp-
tion capacity of this adsorbent is high as compared to the
other nanocomposites that we have used in our previous
studies [8,13].

Heterogeneous system is generally described by using
Freundlich isotherm that is represented by the equation
given below:
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Fig. 8. Giles isotherm of ochratoxin A adsorption on highly porous
iron oxide carbon nanocomposite derived from coconut shell.
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Fig. 9. Langmuir plot of ochratoxin A adsorption on highly po-
rous iron oxide carbon nanocomposite derived from coconut
shell.

Table 2
Isotherm parameters for ochratoxin A adsorption on iron oxide
carbon nanocomposite derived from coconut shell

Adsorbent Langmuir Freundlich
prepared from isotherm isotherm
Q, (mg b R? K 1/n  R?
g
Coconut shell 1776 0181 0985 252 0.773 0.997
1
Ing=InK+—InC V)
n

The equilibrium concentration is represented by (C)
with a unit of mg L7, the total amount of ochratoxin A
adsorption (mg g™) is represented by g, while K and n are
constants of Freundlich equation, K shows the adsorp-
tion capacity whereas n denotes the intensity of the
adsorption.

The values of Freundlich constants K and I/n were
obtained from the slope and intercept of the In C verses In g
plot for the prepared adsorbent (Fig. 10) and were found to
be 25.2 and 0.773 respectively, with R? value of 0.997 (Table
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Fig. 10. Freundlich plot of ochratoxin A adsorption on highly
porous iron oxide carbon nanocomposite derived from nut shell.
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2). The high R? value for this isotherm confirmed that Fre-
undlich adsorption isotherm suited the data well as com-
pared to Langmuir isotherm.

3.3. Adsorption kinetics

One of the key elements for an adsorbent during adsorp-
tion processes is the time of contact needed to attain equilib-
rium. Fig. 11 indicates that maximum uptake of ochratoxin
A take place initially for first few minutes, because more
and more free sites are present to adsorb ochratoxin A. With
the passage of time maximum free sites are tied up which
leads to slow rate of adsorption and at last a point of satu-
ration is reached. At this point curve become parallel to the
X-axis and the time at which this point is reached is known
as equilibrium time of adsorption. The equilibrium time for
ochratoxin A (400 ppm) adsorption on the prepared adsor-
bent derived from coconut shell was 240 min. The exper-
iments were carried out at pH 7 as at this pH Iron oxide
remained in composite structure [29].

Pseudo first order [30] and second order [31] models
were applied in order to determine the kinetic constants
and order of the adsorption process. The pseudo first order
equation is given as follow:

In(g,—9)=Ing —k ¢ 3)

In the above equation, g, represents the amount of
ochratoxin A adsorption (mg-g™') at equilibrium whereas g
denotes the amount of ochratoxin A adsorption (mg-g™) at
time t and k, (min™) is the first order rate constant. A straight
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Fig. 11. Effect of contact time of adsorption of ochratoxin A on
highly porous Iron oxide carbon nanocomposite derived from
coconut shell.

Table 3
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line was obtained when In (g,— q) was plotted against ¢ (Fig.
12). The values of k, and R’ are given in Table 3 and were
noted to be 0.0174 and 0.993 for ochratoxin A adsorption
(400 ppm) at pH 7.

The pseudo second order kinetics equation is repre-
sented by the equation:

f = L 5 +(l]t 4)
gt ky,g® \q

A straight line was observed, when t/g was plotted
against t (Fig. 13). Values of K, and g were determined from
intercept and slope of this plot. These values along with val-
ues of R? are summarized in Table 3.
The data in Table 3, indicates that pseudo first order rate

equation fits the data well with high correlation coefficient
as compared pseudo second kinetic model.

3.4. Effect of pH

One of the key element that affect the process of adsorp-
tion is pH because it influences the charges, present on the
surface of the adsorbent. The degree of ionization of the
adsorbate is also affected by the pH. The adsorption poten-
tial of the prepared adsorbent at different pH for ochratoxin
A is shown in Fig. 14 which indicates that at pH 1-13 the
amount of ochratoxin A adsorption is not affected to great
extent. The slight decrease in the adsorption at basic pH can
be explained on the basis of two probabilities: (i) detach-
ment of iron oxide at acidic pH and (ii) deprotonation of
certain functional groups on both adsorbent and adsorbate.
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Z
= 0.00 +
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Fig. 12. Pseudo first order kinetics plot for ochratoxin A adsorp-
tion on highly porous iron oxide carbon nanocomposite derived
from coconut shell.

Pseudo first and second order adsorption rate constants and correlation coefficients for the adsorption of ochratoxin A on iron

oxide carbon nanocomposites at pH 7

Concentration (ppm) Tpexp (MG'S™)

Pseudo first order kinetics model

Pseudo second order kinetics model

K

a

Ter.cal K R?

qu.cal

400 259 0.0174

0.993

26.13 0.00112 0.99 1548
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12 4
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t (min)
Fig. 13. Pseudo second order kinetics plot for ochratoxin A ad-
sorption on highly porous iron oxide carbon nanocomposite de-
rived from coconut shell.

Asslightly high percent adsorption at acidic pH is proba-
bly due to the detachment of iron oxide from the composite
at acidic pH, that increases the surface area and conse-
quently high percent adsorption have been recorded. From
pH 7 to 13 the line is almost straight that indicates that at
basic pH the iron oxide remains intact and thus there was
no increment in surface area and consequently the percent
adsorption was almost same.

Generally the solution pH effect the protonation of
poly-functional molecules like ochratoxin A and thus effect-
ing its adsorption. At acidic pH the OH deprotonation is
suppressed both in the adsorbent structure (FTIR spectra)
and the three ionizable groups in the structure of the ochra-
toxin A (Fig. 14b) due to which there were positive interac-
tion between the adsorbate and adsorbent. From pH 1 to
5.70 the predominant form the OTA is mostly neutral. How-
ever above this pH the monoanioic (5.70 to 8.0), dianionic
(8.0 to 11.5) and trianionic (11.5 to 14.0) forms arises. The
basic pH deprotonate both the adsorbate and adsorbent.
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The repulsion of the negatively charged groups results in
the low percent adsorption.

3.5. Adsorption thermodynamics

To get insight about the thermodynamic aspects of the
adsorption process, the adsorption experiment were carried
out at 30, 40, 50 and 60°C respectively. The values of AH®
and AS° were calculated by applying Vant Hoff equation
that is given as under:

0 0

In the above equation K is the distribution constant of
adsorption, AH® represents the enthalpy change while the
entropy change is denoted by AS°. R is universal gas con-

2.20 4
4

2.00

1.80

Ink

1.60 -

1.40 T T !
3.10 3.20 3.30
1/Tx103k-1

Fig. 15. Vant Hoff plot for adsorption of ochratoxin A on iron
oxide carbon nanocomposites prepared from coconut shell.
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Fig. 14. Effect of pH on ochratoxin A adsorption on highly porous carbon nanocomposite derived from coconut shell (a: % adsorp-

tion at different pH. b: micro species distribution diagram).
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stant and T is temperature (in Kelvin). AH® value was found
from the slope whereas the value of AS°was determined
from intercept of the In K and 1/T plot. These values found
to be —21 KJ-mol™ and 82 KJ-mol*-deg™ respectively (Fig.
15) for adsorbent, synthesized from coconut shell. The neg-
ative value of AH® shows an exothermic nature of the pro-
cess. The positive value of AS° represents an increase in the
randomness in the system solid /solution interface.

The value of AG® (standard free energy) was calculated
from the following equation:

AG® = AH° - TAS® (6)

The values obtained from equation were -2.75, -3.57,
—4.39 and -5.21 KJ-mol™" at temperature of 30, 40, 50 and
60°C respectively. The negative values of AG® at different
temperatures denote the favorable nature of the adsorption
process. There is a continuous increase in the value of AG®
with rise in temperature indicating that adsorption is much
efficient at elevated temperatures.

4. Conclusion

In the present study highly porous carbon based nano-
composite was synthesized by using coconut shell as a bio-
mass. The prepared nanocomposite was analyzed by using
SEM, XRD, TG/DTA, SAA and FTIR which has confirmed
the presence of Iron oxide on the surface of the adsorbent.
In vitro studies have shown that equilibrium time for
highly porous nanostructures prepared from coconut shell
at pH 7 was 240 min. However a decline in percent adsorp-
tion was observed for the adsorbents at high pH values.
The values of AH® and AG°were negative while that of AS®
was positive. The increased value of AG°with temperature
demonstrated that the adsorption process was favorable
at high temperature. Thus results have revealed that the
developed nanostructures can be efficiently utilized as a
best substitute for activated powdered carbon to carry out
adsorption of ochratoxin A in the alimentary canal of Gallus
domesticus.
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