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ABSTRACT

The present study consists of comparing the retention of paracetamol dispersed in aqueous solutions
by two different natural adsorbents commonly found in Algeria, namely olive stones (OS) and date
pits (DP). Comparative study was carried out using adsorption parameters such as contact time, tem-
perature and initial concentration of paracetamol. The kinetic study revealed that adsorption on both
adsorbents follow the pseudo-second-order equation but the values of adsorption capacity, q, and
the rate constant, k,, are found to be 37.12 mg g and 0.0128 g mg™ min™, respectively, for OS, which
are significantly higher than those obtained for DP which are 29.74 mg g™ and 0.0032 mg g™ min’,
respectively, on the other hand, data of equilibrium has been well adjusted by the Langmuir isother-
mal model. The adsorption of paracetamol on these adsorbents is exothermic and spontaneous with
AS°=-71.0] mol' K" and AH® =-30.4 k] mol™ for OS and AS°=-10.2 ] mol™! K-! and AH® =-6.1 k] mol™
for DP. The results indicate that the OS was more efficient with a removal percentage greater than 98%
compared with the DP which is about 78%, these results are similar to those found by scanning electron
microscopy in the OS which represent porous structure with a number of pores larger than those
observed for DP and even the X-ray fluorescence analysis shows that the surface nature of OS contains

a significant percentage of calcium contrary to DP which has a higher percentage in potassium.
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1. Introduction

The global concern for the presence of pharmaceutical
compounds in water has increased dramatically in recent
years [1], which is actually presenting, one of the most
important environmental and public health problems [2].
These compounds that can be found in a drinking water [3,4]
are detected in wastewater and surface water at levels of
ng L to ug L™ [5,6]. In particular, paracetamol (PAC), also
known as acetaminophen mostly consumed over the world,
is analgesic and antipyretic [7] with or without medical pre-
scription, [8] both of them are distinguished to be very toxic
to the liver [9] with a potential risk of developing hepatitis [9].

* Corresponding author.

Therefore, it is imperative to search for efficient and eco-
nomically feasible procedures to improve water treatment.
Olive stones (OS) and date pits (DP) are solid wastes from the
oleic industry and the date pulp industry, respectively, pro-
duced on a large scale in Algeria with an olive oil patrimony
valued at more than 32 million olive trees occupying about
383.443 hectare [10] and with a production date of nearly
790,000 tons per year according to the official website of the
International Exhibition of the Dating of Biskra “SIDAB”,
whose first edition was organized from 21 to 24 March
2015 in Biskra under the auspices of the Zibans Chamber
of Commerce and Industry and the Algerian Chamber of
Commerce and Industry [11].

In general, the use of OS and DP as natural adsorbents in
adsorption processes is an interesting strategy to deal with
the problem of elimination of this landfill wastes and its
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recycling. There are many studies in literature that included
using OS and DP as adsorbents for dyes [11,12] and heavy
metals elimination [13,14].

This study consists of making a comparative study
between the OS and the DP as natural adsorbents in terms
of efficiency of removal of PAC from aqueous solutions.
From this perspective, a study of the kinetics, equilibrium
and thermodynamics of the suppression of PAC was carried
out and the most efficient adsorbent was olive stone.

2. Materials and methods
2.1. Reagents and materials

The olive stone was harvested from an oil mill in the
north of Algeria and the DP were supplied by an indus-
try in the south of Algeria. The adsorbents were washed
with hot water and then with distilled water, after
grinding, the adsorbents were impregnated in hexane
(Sigma-Aldrich, 99%) at room temperature for 24 h to
extract any type of oil and impurities, and then washed
until the pH is between 6.5 and 7. The mixture was then
heat-treated in a programmable muffle furnace (Stuart
mod SF3/S) during 60 min at 700°C, and then characterized
by Fourier transform infrared spectroscopy (FTIR), scan-
ning electron microscopy (SEM) and X-ray fluorescence
(LFRX). The PAC (molecular weight = 151.2 g mol™;
chemical formula = CHNO, pKa = 95 = 42;
hydrophbicity = logK =~ 0.46) [15] was procured from
the bio-pharma SAIDAL, Algeria, and all solutions were
prepared with distilled water.

2.2. Characterization of adsorbents

SEM (600 Quanta/EDAX) at 25 kV and energy dispersive
X-ray spectrometry were used to observe the morphology of
the adsorbents.

Main functional groups were determined by an infrared
spectrophotometer transform infrared FTIR (Fourier, Thermo
Nicolet typical 6700) .The spectra were performed between
400 and 4,000 cm™ (64 scans ) using the KBr pellet method.

UFRX is a non-destructive, qualitative and quantitative
elemental analysis technique for any sample (solid, liquid or
gaseous). The device used is Horiba; XGT model 5000, with a
rhodium X-ray source.

2.3. Adsorption experiments

The kinetics and the equilibrium adsorption process
were conducted at different concentrations of PAC (20, 40,
60, 80 and 100 uM) using 10 mg of heat-treated coal mixed
with 25 mL of the PAC solution. The solution was then
stirred at a constant speed of 300 rpm for 3 h on electromag-
netic stirrers at a pH = 6 at room temperature (20°C +2°C).
After stirring, the adsorbate was separated from the solu-
tion by filtration through a 0.45 um filter paper of cellu-
lose and the PAC residual concentration was analyzed by
UV-vis spectrophotometry (SHIMADZU, UV 1800, 240 V)
at the wavelength of 243 nm. PAC uptake (g, in mg g™') was
calculated using Eq. (1):

q:(c,.—ct)xv @

m

where C,(mg L) and C, are the concentrations of PAC at time
t=0and at time t, respectively, V (L) is the volume of solution
and m (g) is the amount of adsorbent added.

In order to determine the effect of initial pH of the two
sorbents performance, experiments at different initial pH
were carried out. For these experiments, 10 mg of the sor-
bents was thoroughly mixed with PAC solution (25 mg L™)
at different initial pH within the range of 2.0-11.0 for 3 h and
the pH of the solutions was adjusted with either HCI (1 M)
or NaOH (1 M).

The thermodynamics and the effect of temperature on the
adsorption of PAC were studied using three different tem-
peratures (20°C, 30°C and 40°C) with initial concentrations of
100 uM using an ultrathermostatic bath for up to 3 h.

3. Results and discussion
3.1. SEM analysis

SEM analysis (Fig. 1) revealed that the surface texture of
the OS had a porous structure, holes and small openings on
the surface with a number of larger pores than those observed
for DP. Thus, increasing the contact surface, which facilitates
diffusion into the pores during the adsorption process, the
SEM analysis of OS found by Bohli et al. [16] and Ghouma et
al. [17] is almost similar to that of present study. SEM micro-
graphs of OS and DP show that the distribution of OS pores
is somewhat homogeneous unlike DP, which presents few
pores with some superficial heterogeneity, a similar result for
DP is found by Sekirifa [18].

3.2. FTIR analysis

The OS and DP spectra are characterized by a main
band corresponding to the groups of OH and NH with
vibrations of valence from 3,424 to 3,416.8 cm™, same
results have been reported by Aksas [19], the bands around
2,922.7-2,841.78 cm™ for DP and non-existent for OS spec-
trum, correspond to the C-H/OH and C-H of CHO asym-
metric valence vibrations that are similar to those found by
Bohli et al. [16]. The bands from 1,666 to 1,600.4 cm™ can
be assigned to groups of C=0, in the following bands two
ranges have been found: 1,666.0 cm™ for OS and 1,600.4 cm™
for DP, same peaks are found by Belhachemi et al. [20], which
shows that the DP band decreases slightly compared with

Fig. 1. SEM images of (a) OS and (b) DP.
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that of OS. Peaks around 1,589.1-1,564.1 cm™ for OS which
are decreased to 1,493.2-1,432.9 cm™ for DP are attributed to
the C-H bond, C=0 amide and N-H.

The 1,2254 cm™ band of OS which corresponds to
the vibrations of the OH and NO, function with bands of
1,188.6-1,077.9 cm™ of DP indicate the presence of C-OH
primary alcohol and CN elongation bonds, similar results
were found by Belhachemi et al. [20]. And finally the bands
906.7-696.3 cm™ which characterize the two spectra of OS
and DP corresponding to the C-H and C-N bonds.

These results allow us to observe that the OS bands have
a slightly higher wave number than that of DP, contrary to
the characteristic spectral intensity of the DP which is higher
than that of OS (Fig. 2).

Table 1 presents the results obtained by FTIR for samples
of OS and DP.

3.3. Chemical analysis by X-ray fluorescence

Table 2 and Fig. 3 show that the material treated is com-
posed mainly of calcium (87.48% for OS and 20.36% for DP)
and potassium (7.13% for OS and 60.16% for DP).

In view of the mentioned results, according to this study,
the OS are the richest in calcium, similar results are found by
Ghouma et al. [17], in addition, the DP have a higher potas-
sium content indicating that the surface of the coals is of a
potash nature. The P and S with Si detected on the surface of
DP and OS, respectively, are present in low concentrations.

3.4. Influence of solution pH

The pH of the solution is a key factor that could affect the
adsorption of a drug on an adsorbent [21]. The adsorption
capacity of PAC onto OS and DP as a function of initial pH of
2-11 is presented in Fig. 4.

P : Table 2
- : | Chemical analysis of OS and DP by X-ray fluorescence
. l Mass % oS DP
Ao : Si 5.39 1.82
G ( P - 15.24
o !C : S - 242
pov| SR Jlem K 7.13 60.16
i Ca 87.48 20.36
Fig. 2. FTIR data for olive stones and date pits. I}\:/In - B
e - -
Table 1
FTIR assignments of functional groups on OS and DP surface 4 P
33 - - N N - o - - T“""
Surface groups Peak (cm™) “
0Os 700°C DP 700°C .
o
OH/NH 3,416.8 3,424/3,060/3,026.8 By
C-H/OH - 2,922.7/2,917.1 By
C-H of CHO - 2,850 o
c=0 1,666.0 1,600.4 s s T
C-OH/C=0 1,589.1/1,564.1 1,493.2/1,452.9 ] e rEretc
amide/N_H 1} 2 4 & . 8 10 1z
OH/NO, 1,225.4 - P
C-H/C-O primary - 1,188.6/1,151.9/1,077.9 Fig. 4. Adsorption of paracetamol (PAC) on olive stone (OS) and
alcohol/C-N date pit (DP) as a function of initial pH after 3 h contact time,
C-H/N-H 869.9/706.5 906.7/756.5/696.3 sorbent amount 10 mg, T 20°C, PAC initial concentration 100 uM.
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Fig. 3. Chemical analysis graphs of (a) OS and (b) DP by X-ray fluorescence.
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As shown in Fig. 4, the adsorption capacity did not signifi-
cantly change by alternating the pH value and shows the higher
adsorption capacity of OS compared with the percentage of
PAC removed by DP. The adsorption capacity of PAC decreased
very slowly from 37.76 to 36.99 mg g and 31.15 to 23.10 mg g™
for OS and DP, respectively. With the pH increase from 2 to 9.
But, with further increases of pH up to 12, the adsorption capac-
ity declined considerably from 36.99 to 34.90 mg g and from
23.10 to 20.03 mg g™ for OS and DF, respectively.

The results presented in Fig. 4 put into evidence that PAC
adsorption onto the studied sorbents is not dependent on pH
as the adsorption capacity of PAC by OS and DP is equal for
all the tested initial pHs. In the case of DP, the decrease in
adsorption capacity observed at initial pH higher than 7 can
be justified by damaging the sorbent at so high pH values.
Therefore, depending on the initial pH the adsorbents are par-
tially positively or negatively charged and ready to interact
electrostatically with any deionized sorbate. However, this is
not the case of PAC as it possesses a pKa of 9.38, and therefore
in the studied range of pH it is mostly in its molecular form
[15]. Similar observation was reported by Villaescusa et al. [22],
PAC paracetamol sorption onto cork bark, yohimbe bark and
grape stalk sorbents was not depended on pH; since there was
minimal change in the sorption capacity it is clear that elec-
trostatic interactions are not responsible for PAC adsorption
onto the sorbents.

According to the literature, for example, the adsorption of
norfloxacin and acetaminophen (ACE) by animal hair-based
activated carbon, the ACT (PAC) adsorption had a constant
rate from 88% to 92% at the pH of 2-9; but, in a higher pH
range, the removal efficiency was significantly decreased by
70% [23]. In another research performed by Mashayekh-Salehi
and Moussavi [24], the sorption of ACE by NH,CI" induced
activated carbon did not significantly change by alternating
the pH value (decreased very slowly from 90% to 83%). But,
with further increases of pH up to 12, the adsorption capacity
declined to 70%. In another study [25], it was observed that
for pH values from 3 to 10, the percentage removal for PAC
onto magnetic activated carbon C-1 was practically constant
within this pH interval.

For the treatment with adsorption, it is not necessary to
make any pH adjustments if the solution of the effluent is
within pH 2.0-9.0. This result also reveals that the mecha-
nism of adsorption of PAC in OS and DP process can perform
at natural pH of the solution and for full scale application.
So, this process will be more cost-effective than other phar-
maceutical compounds adsorption mechanisms which may
need acidic or basic agents for attaining proper pH level.

i
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Almost all the researchers have similarly reported the nearly
constant adsorption of ACT by different adsorbents in the pH
range of 2-10 [24].

For this reason, all the solutions were prepared in natural
pH of the solution pH 6.

3.5. Effect of temperature

The influence of temperature on the adsorption capac-
ity of PAC in OS and DP is shown in Fig. 5. For these two
adsorbents and after a time of 150 min, it was found that
the adsorption capacity decreased with the temperature
increase from 37.12 mg g at 20°C to 36.31 mg g at 40°C
for OS and 29.74 mg g™ at 20°C to 28.65 mg g at 40°C for
DP (Table 4) and even the adsorption capacity obtained by
the OS is greater than that obtained by the DP for different
studied temperatures. This shows that the adsorption was
exothermic and the decrease of the adsorption capacity of the
PAC with the increase in temperature is due to the increase
in the solubility of the adsorbate (PAC), which has hampered
the adsorption because the drug would have more affinity
with the solvent than with the adsorbent.

As the temperature increases, the attraction forces
between the surface of the adsorbents and the PAC ion are
weakened and the sorption decreases [26].

3.6. Kinetic study

Several kinetic models have been proposed to clarify
the mechanism of a solute sorption from aqueous solu-
tion onto an adsorbent: (a) a pseudo-first-order and the
pseudo-second-order kinetic model, based on solid phase
sorption [27,28] and (b) intra-particle diffusion model was
also used as a first approach for identifying the limiting
adsorption step and the diffusion/transport mechanisms
during solute adsorption [29].

First, the adsorption kinetics of PAC for OS and DP was
evaluated using the linearized pseudo-second-order equa-
tion (Egs. (2) and (3))as follows:

k
1 —g)=logg ——L ¢ 2
og(q,—9,)=logq, 2303 (2)
b_ 11,
1 _ 1 3
q, ka4, ®)

p 2| E—— —

.

s 1=

’I'j —

Tiky

Fig. 5. Effect of temperature on adsorption of PAC. T (20°C, 30°C and 40°C), sorbent amount 10 mg, initial pH 6.0, initial concentration

100 uM and contact time 3 h.
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where k and k, are the pseudo-first-order (h™) and pseu-
do-second-order (g mg™ h™) rate constant, g, and g, are
the adsorbate uptake (mg g™) at equilibrium and at time
t, respectively. h = kg2 (mg g min™) represents the initial
adsorption rate.

Intra-particle diffusion model can be expressed as
follows:

1
q,=K_t*+C 4)

where K _ is the intra-particle diffusion rate constant
(mg g min®) and C (mg g') represents the thickness of
the boundary layer [29]. The diffusion coefficient, D, for the
intra-particle transport of PAC was also calculated using the
following equation [30]:

2
dp.K.
T 5)
8,640( g,

Table 3 presents the evaluated parameters of the kinetic
models for the adsorption of PAC in the two adsorbents.
The adsorption process follows the pseudo-second-order
kinetics for OS and DP (Fig. 6(a)) because the obtained
coefficients of determination (R?) are closer to unity. The
theoretical values of g, were similar to those obtained
experimentally (Table 3) compared with those obtained
by pseudo-first-order kinetics which were very unfavor-
able. As a result, the values of g, the rate constant, k,, and

Table 3
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the initial adsorption rate, /, found for OS (37.12 mg g7,
0.0128 g mg™ min™ and 17.63 mg g min™, respectively)
were significantly greater than those obtained for DP which
were 29.74 mg g, 0.0032 mg g min™ and 2.83 mg g™ min™,
respectively, certainly due to pore volumes (transport
pores) of OS, which promotes adsorbate diffusion on the
porous structure, this may occur because the motive force
that has caused interaction with the active sites of the adsor-
bents has also increased [31].

In the present study, all plots were not adopted by ori-
gin (Fig. 6(b)). This indicates that intra-particle diffusion is
not the only limiting step but also other kinetic models can
control the rate of adsorption [32]. Two differentiated steps
were detected for the adsorption of PAC in OS and DP: the
curved initial part represents the diffusion of adsorbate in the
boundary layer (external mass transfer). The second phase
is the phase of progressive adsorption where the molecules
of the adsorbate diffuse through the porosity of the adsor-
bent (intra-particle diffusion) until the equilibrium plateau
is reached [33].

In both steps and from the values of K, and D obtained
for DP, these are higher than those obtained for OS, due to
the adsorption sites available on the DP surface which are
smaller compared with those available on OS that have a
porous structure and also because of the low concentration of
solution [34]. The results show that the intercept C values for
OS are higher than those of DP (for the first step: 27.20 mg g™
with 9.74 mg g and for the second step 35.06 mg g with
25.14 mg g for OS and DP, respectively), this increase also
provides a measure of the abundance of adsorbed solute on
the boundary layer.

Kinetic parameters for the adsorption of PAC onto olive stones and date pits

First-order kinetic model

Second-order kinetic model

Torexp Dorcal k, 10~ R Dorcal k, h R R%
(mgg’) (mgg') (min™) (mg g™) (gmg'min?)  (mgg' min”)
0s 37.12 14.04 8.24 0.901 37.45 0.0128 17.63 0.999 98.19
DP 29.74 24.69 7.16 0.948 30.95 0.0032 2.83 0.998 78.69
Intra-particle diffusion model
C, D, K, R? C, D, K, R?
(mgg”)  (mmin!)  (gmg’min’) (mgg’)  (mmin!)  (gmg’min’)
0os 27.20 5.79 x 107" 1.186 0.939 35.06 7.28 x 1077 0.133 0.746
DpP 9.74 2.40 x 10 1.937 0.975 25.14 5.54 x 10716 0.294 0.641

[
x 0S000-0

|-

Fig. 6. Linear plots of (a) the pseudo-second-order and (b) intra-particle diffusion models for the removal of paracetamol by olive

stones and date pits.
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3.7. Adsorption isotherms

Equilibrium data, commonly known as adsorption iso-
therms, are basic requirements for the design of adsorption
system [35]. In this study, the equilibrium data for PAC
removal onto OS and DP were modeled with the Langmuir
(Eq. (6)) [36] and Freundlich (Eq. (8)) [37] models.

&— 1 +LC€

qe - qmax'KL qmax

(6)

The essential characteristics of Langmuir isotherm can
be expressed in terms of dimensionless separation factor, R,
given [38] by Eq. (7):

1

TTKE 7

Freundlich isotherm presented an empirical isotherm
equation can be written as follows:

logq, =logK, + 1 logC, (8)
n

where K, (L mg™) and K, (L g') are the Langmuir and
Freundlich constants, respectively; q__ (mg g™') is a param-
eter related to the maximum amount of adsorbate required
for monolayer formation; and 7 is a parameter related to the
intensity of adsorption and to the system heterogeneity.

According to the classification of Giles et al. [39], the
adsorption isotherms of PAC on OS and DP display an iso-
therm of the curve L (Fig. 7) characteristic of a steep initial
rise and a curvature concave at low equilibrium concentra-
tions typical of a plateau or saturation limit, indicating that
several sites in the substrate are filled, it becomes more dif-
ficult for a molecule of unadsorbed solute (PAC) to find a
vacant site [40].

£
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Fig. 7. Equilibrium adsorption isotherms of paracetamol sorption onto OS (a) and DP (b), paracetamol initial

qe(mg.)

F. Medjdoub et al. / Desalination and Water Treatment 104 (2018) 225-233

Table 4 summarizes the parameters related to the
Langmuir and Freundlich isotherm. The correlation coeffi-
cients obtained by the Langmuir isotherm using OS and DP
are 0.989 and 0.998, respectively, representing the applica-
bility of the Langmuir model under equilibrium conditions.
The maximum absorption capacity for OS was 37.12 mg g
as an adsorbent, while in the case of DP it was 29.74 mg g7/,
indicating that OS had a greater adsorption capacity than DP.
The R, values were less than 1, indicating that adsorption is a
favorable process [41].

The adsorption constant (K,) and the adsorption
intensity (1) were also studied. The calculated K, values
were 70.27 L g for OS and 21.25 L g™ for DP, showing
appreciable affinity for PAC adsorption. The largest K,
value for OS indicates the same trend as found in the
Langmuir isotherm, OS is more effective for the removal of
PAC than DP. The (1) values for adsorption of PAC using OS
and DP was 1.919 and 2.551, respectively. The value of (1)
ranging from 1 to 10 shows favorable adsorption for both
adsorbents and shows that the Freundlich model is appli-
cable [42] and could be of physical nature [43] indicat-
ing good adsorption [44]. A comparison of the maximum
experimental adsorption capacities between different
adsorbents is given in Table 5. From these results, it is pos-
sible to verify that the activated carbon obtained from OS
and DP has a good adsorption capacity in comparison with
other adsorbents.

3.8. Thermodynamic study

Thermodynamic parameter such as Gibb’s free energy
(AG®) for the adsorption of PAC on OS and DP was deter-
mined by using the following equation [28]:

AG.,, =-RTInK )

The K equilibrium constant, which represents the ratio
between the concentration of solute that is adsorbed and

. ®

concentration

(20-100 uM), sorbent amount 10 mg, initial pH 6.0, temperature 20°C and contact time 3 h.

Table 4

Equilibrium parameters for the adsorption of PAC onto OS and DP

Samples Langmuir Freundlich

oo (Mg 8" 4,,(mgg") K (Lmg!) R R 1/n K. (Lg" R
OS 700°C 37.12 36.63 17.24 3.82 x 107 0.989 1.919 70.27 0.992
DP 700°C 29.74 31.05 3.22 2.01 x 102 0.998 2.551 21.25 0.943
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Table 5
Summary of recently published literature on PAC adsorption by several activated carbon
Adsorbent Experimental Observations Adsorption  Models References
conditions capacity g,
B T=30°C Coal B has obtained from 171 mgg?  Intra-particle [45]
Box C,=120 mg dm® physical activation 87 mg g™ diffusion model
Dose of AC: Box obtained by chemical
10 mg/15 cm?® oxidation with ammonium
persulfate
Vegetable wastes: [C]=20mgL" Vegetable wastes before Langmuir [22]
Grape stalk, T=22°C+2°C being crushed and sieved toa 2 mg g™
Yohimbe bark V=15mL particle size of 0.63-0.75 mm.  0.77 mg g™
Cork bark Carbon dose =100 mg  After this procedure, the 0.99 mg g
pH=6 adsorbent was used without
Time contact=2h any physical or chemical
pretreatment
Vegetable wastes: pH=7.0 Vegetable wastes were washed 120.5 ug g Langmuir [2]
Sugar cane bagasse [C,] =5 umol with water (pH 7.0) and then 375 pug g™
(SCB) Weight of activated dried in a laboratory oven
Vegetable sponge (VS)  carbon:3 g (60°C) for 15 h. In the next
D =30 mL min™ step, the material went to
an industrial blender with
posterior sieving to obtain
particles sizes between 1.19
and 4.76 mm for SCB and VS,
respectively
Sisal waste: T=30°C Sisal waste was used as 1205 mg g’ - [46]
S$/0.5:1/700 C,=120 mg dm® precursor to prepare car- 1245 mg g™
S$/0.5:1/800 Weight of activated bons by chemical activation
carbon: 10 mg/15cm®  with K,CO, and different
temperatures (700°C and
800°C)
Carbon replica 200 rpm Carbon replica has obtained 2989 mgg?t - [47]
C,=20 ppm/500 mL from physical activation and
Dose of AC: 0.920mg  chemical oxidation with H,SO,
Dende coconut meso- T=25°Cand 200 rpm  The samples were previously ~ 64.65mgg” Langmuir [48]
carp C,=20cm’ washed with hot deionized
Dose of AC: 10 mg water (50°C), dried in an
incubator for 24 h at 60°C,
ground and sieved with
average diameter of 0.180 mm
(70-100 mesh ASTM). No
previous chemical or physical
treatment was done
Olive stone [C,] =100 uM Vegetable wastes were heat 37.12mgg’ Langmuir Present
Date pit T=22°C+2°C treated at 700°C without 29.74 mg g™ study
V=15mL any physical or chemical
Carbone dose=10mg  pretreatment
pH=6

Time contact=3 h
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Table 6
Thermodynamic parameters for paracetamol adsorption onto OS and DP at different temperatures

Samples Joorp (MB E) AG® (k] mol™) AH° AS° R

20°C 30°C 40°C 20°C 30°C 40°C (kJ mol™)  (J mol™ K)

0s 700°C 37.12 36.64 36.31 -9.74 -8.69 -8.33 -30.46 -71.07 0.961

DP 700°C 29.74 29.22 28.65 -3.18 -3.08 -2.97 -6.17 -10.21 0.999
the concentration of solute remaining in solution, can be  References
calculated using the expression: k- ‘=, the variation of [1] M. Soufan, Oxydation par le chlore de composes

enthalpy AH® and entropy AS° of adsorption is obtained from
slope and intercept of a plot of InK vs. 1/T [28], is expressed
by the following equation:

AS . AH
an: ";ads _ R}ds (10)

where R is the universal gas constant (8.314 Jmol™ K') and T'is
the absolute temperature (K). The calculated thermodynamic
parameters are given in Table 6. The negative values of
AG® (between 0 and -20 k] mol™?) are compatible with the
electrostatic interaction between the adsorption sites and
the adsorption ion (physical adsorption) [49] and indicates
that the adsorption of PAC on OS and DP is a spontaneous
process.

The exothermic nature is also indicated by the decrease
in the amount of adsorption at increasing temperatures. In
addition, the value of AH® for the OS was -30.46 kJ mol’,
whereas in the case of DP it was —6.17 k] mol”, indicating
that the OS adsorption process is more exothermic com-
pared with DP, and even the values obtained were less than
40 kJ mol™, suggesting a physical adsorption process [50]
and confirming the exothermic nature [24]. Concerning the
negative value of AS° , (AS° =-71.07 ] mol™" K™ for OS and
AS°=-10.21 ] mol™ K™ for DP), this suggests that the adsorp-
tion of PAC by DP is more random in the solid-solution
interface compared with the OS [51].

4. Conclusion

Between the two wastes studied in this paper, olive
stone has a high adsorption capacity of PAC compared
with the performance of DP (98.19% for OS with 78% for
the DP). The velocity control step was described by pseu-
do-second-order kinetics, and the adsorption isotherms
were well determined by both the Langmuir and Freundlich
models. When the temperature rises from 20°C to 40°C, a
slight decrease in the adsorption capacity is observed,
which shows that the process of adsorption of PAC is more
exothermic, accompanied by a decrease in the randomness
to the solid interface/solution compared with DP. Because
of its better PAC adsorption capacity as well as its high
availability at low cost, olive residue can be used as a sorp-
tion agent in sewage treatment plants in the same region
(northern Algeria), and even can be removed after use by
combustion under controlled conditions.
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