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INTRODUCTION

Different types of pollutants in industrial discharges give
rise to environmental risks. To overcome this problem various
efforts are continuously carried out for reduction of pollutant
concentrations to acceptable standards for the environment
[1]. Most common water pollutants includes nitrophenols
particularly, para-nitrophenol (PNP), ortho-nitrophenol (ONP)
and chlorophenols are found to be highly toxic to human health
and carcinogenic even if present at low concentration [2]. In
different research fields and various industries uses such phenolic
compounds in wide range and releases these pollutants in surface
water [3-5]. Consequently, the United States Environmental
Protection Agency (USEPA) recommended the development
of effective techniques for the removal of nitro-phenols from
wastewater to concentrations below 10 mg/L [6,7]. Several
industrial methods are used such as membrane filtration [8],
chemical coagulation, occulation [9], photocatalytic degrad-
ation [10] and adsorption [11,12] for removal of nitrophenols.
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Adsorption of the toxic substances present in wastewater
onto a naturally available adsorbent decreases the inhibitory
effect of the substances on the microbial activity. Adsorption
is easy, stable and may transform harmful molecules into safe
ones [13,14]. Activated carbon is the most extensively used
adsorbent for nitrophenol removal from wastewater. However,
commercial activated carbon has great adsorption character-
istics but is expensive, limiting its utilization. To meet this need,
it is necessary to look for different, less expensive adsorbents
made from naturally occurring waste. Various synthetic, indus-
trial and natural materials have been tested for the removal of
toxic pollutants [15], dyes [16], heavy metals [17] and phenols
[18] from wastewater. Many reports have observed on the
synthesis of activated carbon from readily available, cheaper
and biowaste materials. Activated carbons have been prepared
from bagasse [19], coconut husk [20], corncob [21], agricul-
tural waste material [22], apricot shell [23], bamboo [24], oil
palm fibre [25] and sunflower seed hull [26].
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Numerous investigations have revealed that activated
carbon, activated carbon fibres or other adsorbents can readily
adsorb and eliminate ortho-nitrophenol [27-29], but no studies
have been focused on Ailanthus excelsa. So Ailanthus excelsa
stem is a biomass whose use has been little explored in literature
[30] and can be used as precursor material for activated carbon
production due to three main reasons: composition, availability
and waste management. The aim of this study was to evaluate
the potential of activated carbon prepared from phosphated
biomass from A. excelsa bark for the ortho-nitrophenol removal
from aqueous solution under varying of experimental settings,
such as solution initial concentration, adsorbent dosage, contact
time, pH and temperature. Kinetics, equilibrium and thermo-
dynamic adsorption studies were also performed under different
experimental conditions.

EXPERIMENTAL

The surface area of the sample was determined by appl-
ying BET method using N, adsorption isotherms at 77 K (NOVA
touch 1 LX [s/n: 17016123001]). The chemical groups present
in the phosphated biomass of Ailanthus excelsa were identified
by FT-IR spectroscopy (Shimadzu, Prestige 21, Japan). The
morphology of the adsorbent was studied using scanning elec-
tron microscope (SEM) through FEI Nova Nanosem 450 model.
Finally, the X-ray powder diffractometry (XRD) (Siemens D
5000 powder X-ray diffractometer with a CuKo. radiation (A
=1.5406 A, 30kV, 10 mA), using 26 = 20-80°, was performed
to analyze the crystallinity of absorbent.

Preparation of adsorbent: Ailanthus excelsa stalks were
dried and washed with triple distilled water for removal of any
adherent contaminants. The dry biomass was converted into
100 p particle size using crushing, milling and sieving. This
biomass was treated with phosphoric acid and repeatedly rinsed
with distilled water to remove all traces of acid and filtered to
obtain phosphated carbon. This was dried in oven at 60 °C for
12 h and then burned in muffle furnace at 500 °C in nitrogen
atmosphere for 1 h. The resulting activated carbon of A. excelsa
was preserved and used as an adsorbent.

Preparation of adsorbate: ortho-Nitrophenol (ONP) used
as a adsorbate was of AR grade. All the solutions were prepared
with triple distilled water. A stock solution was prepared by
dissolving 0.5 g of phenol in 1000 mL of tripled distilled water.
The aliquots of ONP were prepared from above stock solution
varied between 25 and 100 mg/L by diluting the stock solution
up to the required concentration. The solution pH was adjusted
to the required value with 0.1 N solution of NaOH and HCI.

Adsorption studies: Adsorption experiments were per-
formed using the batch process. The pH of adsorbate solutions
was adjusted in the range of 2, 4, 6, 8 and 10 by using 0.1 N
HCl or 0.1 N NaOH solution. Then 25 mL of 25 mg/L adsor-
bate solution (ONP) at 25 °C and 0.05 g PBAE were added
into 250 mL conical flask and then sample solution was agitated
for 30 min at 120 rpm for every pH adsorbate solution.

The study of effect of temperature, experiment was per-
formed using four different 250 mL conical flask. Each flask
consisted of 25 mL. ONP solution of 25 mg/L, pH at 6.0 and

0.05 g PBAE and then sample solutions were agitated at 120
rpm at 288, 298, 308 and 318 K respectively. The contact time
was varied from 5, 10, 15, 30, 60, 90 and 120 min.

To study effect of concentration 0.025 g to 0.100 g of bio-
sorbent and 25 mL of ONP solution with concentrations varying
from 25 to 100 mg/L were prepared. Then sample solutions
were agitated for 30 min at 120 rpm at 25 °C for every concen-
tration of ONP solution.

To study effect of contact time 0.025 g to 0.100 g of biosor-
bent and 25 mL. ONP solution with concentrations 25 mg/L
was prepared. The contact time was varied from 5, 10, 15, 30,
60, 90 and 120 min at 120 rpm and 25 °C for every adsorbent
dose.

To study effect of adsorbent dose 0.025 g to 0.100 g of
biosorbent and 25 mL of ONP solution with 25 mg/L concen-
trations was prepared. Then the sample solutions were agitated
for 30 min at 120 rpm at 25 °C for every adsorbent dose. The
resulting solution was filtered using an Whatman No. 41 filter
paper. All the experimental sets were executed in triplicates.
The concentration of ONP in solution before and after adsor-
ption was determined using a double beam UV-visible spectro-
photometer (Shimadzu, Japan) at 284 nm. It was observed that
the filtrate from activated carbon did not reveal any absorbance
at this wavelength. The linearity of the calibration curve over
the studied concentration range of 25—-100 mg/L demonstrates
very consistent results.

The amount of ONP adsorbed onto the PBAE, q. (mg/g),
was calculated using the following relationship:

g, =(C, ~C,)~ M
m

C,-C
Removal (%) [ c jxlOO )
where q. (mg/g) is the amount of phenolic compound adsorbed
at equilibrium after desired contact time of filterate with the
biosorbent; C, (mg/L) and C. (mg/L) are the initial and equili-
brium concentrations, respectively and V (L) is the volume of
solution that contains mass m (g) of PBAE biosorbent.

A same experimental process was also carried out for the
kinetic studies. At specific time intervals (0-120 min), while
the other parameters were fixed, samples were taken from the
filtrate to analyze the remaining concentration of ONP. All
the adsorption experiments were performed in triplicate and
the mean values were taken in the data analysis. The process
of kinetic experiments was similar to those of equilibrium tests.
The aqueous samples were tested at time intervals 0-120 min
and the concentrations of ONP were similarly estimated. The
amount of adsorption at time t, q, (mg/g), was calculated by
using eqn. 3:

\%
q, _(Co_CL)W 3)

where C, and C, (mg/L) are the liquid-phase concentrations of
phenol at initial and at any time t, respectively; V is the volume
of ONP solution (L); and W is the dry adsorbent mass used (g).
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RESULTS AND DISCUSSION

BET before adsorption of phenol: Multi-point BET
(Brunaur-Emmett-Teller) surface area of adsorbent was deter-
mined by nitrogen adsorption at 77.35 K. Using the BET method,
the precise surface area of PBAE was determined [31]. This
study assumes that a cross-sectional area of a nitrogen molecule is
16.2 A*/mol, whereas PBAE have surface area of 121.292 m%/g.

FTIR studies: The FTIR spectra before and after adsor-
ption of ONP on PBAE are shown in Fig. 1 and the peaks indi-
cated that PBAE possesses several functional groups at the
surface. Fig. 1b shows the peaks at 1139.19, 1540.05 and
2338.00 and 2103.02 cm' depicted the formation of C-C, C=C,
C=C in the PBAE sample before adsorption. The absorption
band at 3400-3300 cm™ is due to a O-H stretching mode of
hydroxyl group and adsorbed water. Asymmetry and the shifting
of this band at lower wavenumber predict presence of strong
hydrogen bonding. Absorption peak at 1149 cm™ is usually
found in carbons activated with phosphoric acid, while 1300-
1000 cm™ absorption region is characteristic of carbonaceous/
phosphorus and phosphor compounds. After the adsorption
of ONP on PBAE, the peaks at 3400-3300 cm™ indicates the
presence of phenols on biomass PBAE, while the peaks at 1208,
1031 and 1028 cm™ indicate presence of C-C stretching vibra-
tions (Fig. 1a). The peak at 1595 cm™ depicts the presence of
aromatic phenolic OH group, whereas a small peak at 1701 cm”
is assigned to C=O0 stretching vibrations of aldehyde, ketone,
carboxylic acids and lactones.

SEM studies: The SEM micrographs of PBAE sorbent
before (Fig. 2a-c) and after adsorption (Fig. 2d-f) of ONP at
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Fig. 1. FTIR spectra of PBAE before and after the adsorption of o-nitrophenol

different magnifications are depicted. The external surface of
activated carbon formed from PBAE has crevices, cracks and
large pores having some grains of various sizes as shown in
Fig. 2b and 2c are responsible for adsorption. After adsorption,
the higher magnified image taken at 10000X (Fig. 2f) indicated
that crystalline structure with irregular shape having particle
size ranged from 1.150 wm to 2.205 wm. Figs. 2d and 2e having
magnification 1000X and 5000X shows the particles are agglo-
merized, which might be due to the formation of amorphous
nature of biomass after phosphoric acid treatment. Monolayer
of the adsorbate molecule over the adsorbent surface is formed
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due to covering of the surface of adsorbent because of adsor-
ption. The batch mode adsorption studies conformed well above
observations obtained from the SEM studies and also revealed
the formation of the molecular cloud of phenol over the surface.

XRD studies: Fig. 3 shows the X-ray diffraction spectra
of PBAE (a) after adsorption of ONP (b) before adsorption of
ONP. Fig. 3a displays presence of a characteristic main peak
of cellulose broad peak at 25.34° was identified as carbon diffr-
action and an amorphous state of biosorbent. Another typical
diffraction corresponding to graphite was detected at 44.28°
conforming that PBAE was amorphous carbon with graphite
crystal. In comparison of before and after adsorption of ONP,
the intensity of above two peaks were significantly increased.
The strong and sharp peaks were observed at 22° and 44°,
whereas some new peaks also appeared in Fig. 3b at 30.78°,
35.34°,38.26° and 42.94° which are due to presence of graphite
carbon. All these were the evidence of graphitization of PBAE
deepening after activation. The average crystallite size of PBAE
calculated using Scherrer’s equation was found to be 71.26 nm.
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Fig. 3. X-ray diffraction forms of (a) after adsorption of ONP (b) before
adsorption of ONP on PBAE
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Adsorption studies: Adsorption process variables such
as contact time, initial ONP concentration, pH and temperature
on absorption rate of ONP were monitored in order to develop
the most efficient adsorption kinetic model.

Effect of pH: The adsorption properties are affected by
the pH of the solution since carbon surface is amphoteric in
nature. Phenol is weak acid and having acid dissociation value
(pK.) of 9.8. At high pH levels, electrostatic repulsion occurs
between the negatively charged molecules on the surface of
the synthesized carbon and the phenoxide anions in solution,
due to the increased concentration of negatively charged phen-
oxide ions. At lower pH values, the electrostatic attractions
increased between the adsorption sites phenolic compounds
and phenol. The adsorption reduces progressively up to pH 6,
as shown in Fig. 4, but decreases precipitously beyond pH 6.
AtpHs 2,4 and 6, there is an significant decrease in the amount
of phenol removal showing almost equilibrium. No significant
increase in the amount of phenol removed happens with a
further rise in pH up to 10. At pH 2, the maximum elimination
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Fig. 4. % Removal vs. pH (initial concentration of ONP: 25 mg/L; volume:
25 mL; dosage of PBAE: 0.050 g; contact time: 30 min)

was observed but pH 4 and 6 shows nearby results of ONP %
removal. Thus, pH 6.0 is optimized for all the experiments.
Effect of adsorbent dosage: Fig. 5 shows the effect of
adsorbent dose on the % removal of ONP. It was observed that
the removal percentage of ONP increased with increase in adsor-
bent dose of PBAE. After the equilibrium time, the removal
was 92.28 to 94.24% for adsorbent dosage of 0.025 to 0.100 g.
The elimination of ONP increases due to an increase sorption
surface area and the availability of additional adsorption sites.
It was concluded that at more the carbon to solute concentration
ratios, higher sorption takes place on the adsorbent surface;
therefore it creates a lower solute concentration in the solution.
It was found that the optimum adsorbent dosage was 0.05 g.
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Fig. 5. % Removal vs. adsorbent dose (the initial concentration: 25 mg/L;

dosage: 0.025 g to 0.100 g; contact time: 30 min; volume: 25 mL;
pH: 6; temp. 25 °C)

Effect of contact time: Adsorption efficiency of ONP by
PBAE was changed with contact time (Fig. 6). Maximum adsor-
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Fig. 6. % Removal vs. contact time (initial concentration: 25 mg/L; dosage:
0.025 g to 0.100 g; volume: 25 mL; pH: 6; temp. 25 °C)

ption of ONP taken place within the first 15 min, under separate
doses of PBAE. After 15 min, the adsorption capacity gradually
increased as contact time extended due to a reduction in driving
force after prolonged reaction. However, the adsorption achieved
equilibrium in less than 60 min.

Effect of initial concentration: The effect of initial ONP
concentration on % removal of ONP is shown in Fig. 7, which
was evaluated at 25, 50, 75 and 100 mg/L at pH 6, temperature
25 °C and contact time of 30 min. The results show that the
biosorption capacity decreases with increasing initial ONP
concentration. At the initial stage, the adsorption rate is higher,
due of accessibility of additional numbers of vacant sites. After
a definite time period as concentration increases from 25-100
mg/L, the rate of adsorption decreases because of aggregation
of adsorbate in the vacant sites. The initial concentration provides
the necessary driving power to regulate all mass transfer resis-
tance of molecules between the solid and aqueous phases.

Effect of temperature: The effect of temperature on the
ONP biosorption process was investigated at 298, 308, 318 and
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Fig. 7. % Removal vs. concentration (ppm) (Initial concentration: 25 to
100 mg/L; dosage: 0.025-0.100g; volume: 25 mL; pH: 6; temp.:
25 °C)

328 K. The capacity to adsorb phenol decreases as temperature
rises, which indicates that ONP uptake process was exothermic
(Fig. 8). This was due to weakening of bonds between the mole-
cules of nitrophenol and the biosorbents active site. The solubility
of ONP rises with an increase in solution temperature, conse-
quently, the contact forces between the solute and solvent are
intensified. Therefore, the solute is more challenging to adsorb
at higher temperatures.
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Fig. 8. Effect of temperature on % removal vs. contact time (the initial

concentration: 25 mg/L; dosage: 100 mg; volume: 25 mL; contact
time 0-120 min; pH: 6)

Adsorption isotherms: The adsorption isotherm is esse-
ntial for comprehending the solute-adsorbent interaction as well
as the quantity of adsorbate retained on the adsorbent and the
concentration of adsorbate in solution at equilibrium under
constant temperature conditions. In this study, the two-parameter
isotherms proposed by Temkin, Langmuir and Freundlich and
three-parameter isotherm proposed by Dubinin-Radushkevich
(D-R) isotherms were examined.

The Langmuir isotherm demonstrated that the adsorption
process occurs only on the adsorbent surface with a uniform
distribution of energy levels [32]. Once the adsorbate is adhered
on the site, no more adsorption takes place which indicates
that adsorption is monolayer. The equation of Langmuir
isotherm is:

1 1 1

— =
qe qm KLque (4)

where K is Langmuir constant (L/mg) associated to the affinity
of binding sites as well as with the free energy of sorption; g,
is ONP concentration at equilibrium onto biosorbent (mg/g);
C. is ONP concentration at equilibrium in solution (mg/L);
and qn is the ONP concentration when monolayer formed on
the PBAE (biosorbent). The separation factor “R.” shows the
nature of the adsorption process [33]. The R? value obtained
from Langmuir model was 0.8251 as shown in Fig. 9a, which
is low as compared to Temkin and D-R isotherms.
Freundlich isotherm [34,35] shown in Fig. 9b demons-
trates that the adsorption arises on the heterogeneous sites with
the irregular separation of energy level and also implies the
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Fig. 9. Isotherm models (a) Langmuir Isotherm (b) Freundlich isotherm (c) Intraparticle diffusion (d) Dubinin-Radushkevich isotherm

reversible adsorption and multilayer adsorption. The mathema-
tical equation of heterogeneous surface system is represented
as:

Inq, =InK +llnCe (5)
n

where (. is the amount of adsorbate adsorbed at equilibrium
(mg/g); C. is equilibrium concentration of the adsorbate (mg/
L); Kr is the Freundlich constant (mg/g) and 1/n is adsorption
intensity. The value of n > 1 indicates favourable adsorption
condition.

The Temkin isotherm [36], illustrated in Fig. 9c, demons-
trates the predominance of indirect adsorbate/adsorbate inter-
actions within adsorption isotherms, indicating that the heat
of adsorption for all molecules in the layer diminishes linearly
with increasing involvement due to these interactions. The
following equation provides the linearized Tempkin equation:

g=PBlna+PInC. (6)

where T is the absolute temperature in Kelvin; R is the universal
gas constant (8.314 J/mol K); b is the Tempkin constant related

to heat of sorption (J/mg). The slope and intercept of g. vs. In
C. are used to determine the Temkin constants a and b.

To evaluate the specific porosity of the biomass and prob-
able energy of adsorption, the Dubinin-Radushkevich model
[37, 38] was used. The mathematical equation for adsorption
isotherm given by Dubinin-Radushkevich is:

Ing.=Ingn,—p & (7
where B (mmol* J?) is D-R constant; € (J mmol™) is Polanyi

potential
€¢=RTIn| 1+ 1
C

e

®)

where R (8.314 J mol"' K') is the universal gas constant; T is
the temperature (K). Here B is related to the free energy of adsor-
ption per mole of adsorbate as it migrates to the surface of
biomass from infinite distance in solution. Fig. 9d shows plot
of In g vs. € for ONP concentration 25 mg/L. The graph gives
values of g, and B from slope and intercepts values. Porosity
parameter value B for activated PBAE towards phenol was
less than unity indicating sorption of phenol was significant.
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TABLE-1
RESULTS OF ISOTHERM PLOTS FOR THE ADSORPTION OF ONP ONTO PBAE

Models Isotherm constants
Langmuir qn (mg/g) = 4.6446 K; (L/mg) = 0.06218 R?=0.8251
Freundlich n=1.1888 Ky (mg/g) = 4.4668 x 107 R?=0.8591
Tempkin I (IV/g) =805.1619 Ky (L/mg) = 0.09667 R? = 0.9306
Dubinin-Radushkevich Qm =-12.7926 B=0.7817 x 107! R* =0.93027

The experimental data and calculated isotherm constants
are shown in Table-1. The expected theoretical isotherms for
the adsorption of PBAE are shown in Fig. 9 indicates that Temkin
isotherm model is the best fit model when compared to other
studied isotherm models for adsorbent treated with phosphoric
acid. This indicates that PBAE has strong adsorbate relation
with adsorption isotherm.

Thermodynamic studies: For the ONP adsorption onto
PBAE, the free energy change (AG®), enthalpy change (AH®)
and entropy change (AS°) have been examined as thermo-
dynamic parameters to estimate the feasibility of the adsorption
process. Eqn. 9 was used to calculate these parameters:

AG® =-2.303 RT log K4 )

where R is the universal gas constant (8.314 J/mol K). The
values of AH® and AS° were determined by the slope and inter-
cept of the In K, against 1/T (Fig. 10). Using eqn. 9, the Gibb’s
free energy change of sorption AG® was determined. Due to
the expansion of pore size and activation of the sorbent surface
with temperature, PBAE’s adsorption capacity increased. The
findings indicated that ONP adsorption is an exothermic process.
The thermodynamic parameters for ONP adsorption are shown
in Table-2. The exothermic nature of the reaction involving
the adsorption of ONP onto PBAE is indicated by the negative
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Fig. 10. In Kq vs. 1/temperature

value of AH° (-0.9154 kJ/mol™"). The computed value of AG®
(456.66 KJ mol ") indicates the spontaneous adsorption process.
Additionally, the positive entropy change value, AS® (252.888),
illustrates the PBAE’s affinity for ONP.

Adsorption Kinetics studies: The pseudo-first-order and
pseudo-second-order and Elovich models were applied to
examine the adsorption of ONP on PBAE while intraparticle
diffusion model was applied to examine the adsorption mech-
anism [39]. The slope as well as intercept of the linear plots of
t/q, versus time (min) was used to derive the kinetic parameters.
Based on R? values (linear regression correlation coefficient)
the best-fit model was chosen. The plots of log (q. —q,) vs. time
(Fig. 11a), t/q, vs. time (Fig. 11b) and q, vs. In t (Fig. 11c) shows
the first order, second order and Elovich kinetic plots, respec-
tively. A linear relationship indicates applicability of first and
second order kinetics. The linear plots of t/q, versus time (Fig.
11b) show a good agreement between experimental and calcu-
lated q. values. The correlation coefficients (R?) for the second-
order kinetic model was 0.9980 > Elovich model was 0.81413
> first order kinetic model was 0.32442 indicating the highest
applicability of this kinetic equation and the second-order nature
of the adsorption of ONP by PBAE. The results shows that as
the quantity of adsorbent dosage increased, the values of K,
were also increased while q. appreciably reduced (Table-2).

The kinetics results were also analyzed by intraparticle
diffusion model to interpret the diffusion mechanism. The exp-
ression for the intraparticle diffusion equation is represented
as:

q=Kit”+C (10)

where Ky (mg/g min 1/2) stands for the intraparticle diffusion
rate constant. It is evident from the graphical representation
Fig. 11athat the linear part of the plot does not cross the origin.
The variation in the mass transfer between both initial and
final stages of the origin suggests that the ONP adsorption on
the PBAE, the adsorption process could be the reason of this
process from prepared A. excelsa plant involved several steps,
including adsorption on the exterior surface and diffusion into
the interior.

Fig. 12b plot of q; vs. t*° shows more than one linear
portions indicating that adsorption was due to more than one

TABLE-2
KINETIC (PSEUDO FIRST ORDER AND PSEUDO SECOND ORDER AND ELOVICH MODEL)
AND THERMODYNAMIC PARAMETERS FOR THE SORPTION OF ONP ONTO PBAE

k; (min™) = 0.00318
k, (g/(mg min) = 12.82 x 10
K, (mg/g min) = 5.0245
B =7.8268
AH® (kJ/mol) = -0.9154

Pseudo first order model
Pseudo second order model
Intraparticle diffusion model
Elovich

Thermodynamic parameter

4 (mg/g) = 106.0425 R’ = 0.3244
q. =24.01 R’ = 0.9980

C (mg/g) = 2.8976 R’ = 0.9367
A(m) slope = 3.6966 R?>=0.81413

AS° (J/mol K) =252.888 AG° (kJ/mol) = 456.66
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Fig. 12. Intraparticle diffusion plot for adsorption of ortho-nitrophenol onto PBAE at 25 °C for 25 ppm

process. It shows adsorption process involves two steps. The
external surface adsorption stage is shown by the sharp
increasing part, whereas the gradual adsorption step, which
involves pore diffusion or intraparticle, is shown by the second
gradually increasing linear part. The deviation from origin for
the slow adsorption phase indicated in Fig. 12a indicates that
intraparticle diffusion is not only the rate limiting step and
external surface adsorption step happens, which might be used
to explain mechanism of adsorption process.

Conclusion

The phosphated biomass of Ailanthus excelsa (PBAE) was
subjected to extensive characterizations using different techni-
ques such as BET, FTIR, SEM and XRD. Batch experiments
were performed as functions of different variables such as pH,
temperature, initial phenol concentration and biosorbent dose.
The maximum sorption for this adsorbate was occurred at
concentration 25 mg L'/25 mL, sorbent dosage 0.050 g/25
mL, contact time 15 min and temperature 288 K were observed.
The equilibrium data were fitting in the Langmuir, Freundlich,
Temkin and Dubinin-Radushkevich isotherm models which
approved that the sorption is heterogeneous and occured through
the physico-chemical interactions. The rate of sorption was
found to obey pseudo-second order kinetics and intraparticle

diffusion model with correlation coefficient value is 0.9980
and 0.9367. The negative AG® values indicated that the sorption
of ortho-nitrophenol (ONP) onto biosorbent was spontaneous,
whereas the negative AH® value illustrated the exothermic nature
of the sorption.
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