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ABSTRACT

The present study is based on the adsorption of phenacetin on activated carbon prepared from ayous
sawdust, Cucurbitaceae peelings and the mixture of the two materials using the batch technique. EDX
analysis of the activated carbons showed that each one of them was constituted of carbon and oxygen.
The mixture of ayous sawdust and Cucurbitaceae peelings did not show an increase in the percentage of
carbon. SEM analysis showed that the mixture showed a change in the nature of pore present in
activated carbons. The FT-IR analysis shows after adsorption one peak around 2200 cm” and the larger
peaks near 1100 cm™ are the proof that both activated carbons have adsorbed phenacetin. Adsorption
was carried out by variation of the pH, contact time, ionic strength and initial concentration. The
equilibrium time was achieved within 2 hours for both activated carbons. The maximum adsorption
occurred at pH 2 for all the activated carbons. The adsorbent/adsorbate equilibrium was well described by
the pseudo-second-order kinetic model and Langmuir's adsorption model. The ionic strength was
investigated using KCI, MgCl, and CaCl,. The result showed that CaCl, was the best salt in term of
increasing the adsorbed quantities. Using the pseudo-second-order and Elovich kinetic models, it was
also observed that CaCl, increased the initial rate of adsorption while MgCl, increased the desorption rate
constant. This can be attributed to the adsorbed calcium phenacetin complex that is more stable than the
magnesium and potassium phenacetin complex. Multi-linearity observed in Weber and Morris diffusion
model, implying that more than one mechanism affected the adsorption process and the intraparticle
diffusion is not the only process that can control the kinetics of adsorption. We have also found that the
mixture of the precursors favor the mass transfer from the solution to the adsorption site inside the
activated carbons and their fixation.

Keywords: Activated carbon, kinetics, equilibrium, ionic strength, diffusion, adsorption mechanism, SEM-EDX
analysis, phenacetin

1. INTRODUCTION

The increase of the production of generic drugs and the lack of appropriate treatment systems for effluents from
pharmaceutical industries is responsible for introducing significant amounts of organic and inorganic pollutants
into the environment, thus creating serious environmental problems throughout the world [1-2]. The production
of pharmaceuticals has increased rapidly in the last decades, providing better health quality for humans and
animals [3]. The presence of these pharmaceuticals in the environment in concentrations in the ug/L or ng/L
range poses a threat to aquatic organisms in terms of mutagenicity as well as currently unknown effects to
humans because of their different ways of transformation [4]. Wastewater originating from pharmaceutical and
animal feedstock industries often found their way into sources of surface water [5]. Of the drugs produced,
phenaticin stands out as being highly toxic to the liver, and a consumer of it has a high potential for developing
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hepatitis and cancer [6]. Phenacetin is metabolized in the liver, mainly to paracetamol which is conjugated and
excreted as glucuronide and sulfate. Phenacetin dominated the drug market during the first 50 years of the 20"
century. It was the most widely used and prescribed drug in most countries [7]. Because of the excessive use,
phenacetin may end up in the environment through manufacturing waste, waste from animal excretion, runoff
from animal feeding operations, or leaching from municipal landfills. It is obvious that with its frequent use it
should be quite frequently present as a micropollutant in our environment.

Adsorption has been developed as an efficient method for the removal of pollutants from contaminated water. A
variety of adsorbents, including clays, zeolites, dried plant parts, agricultural waste biomass, biopolymers, metal
oxides, microorganisms, sewage sludge, ash and activated carbon have been used for pollutant removal [8-10].
Cost is an important parameter for comparing adsorbent materials [11]. Activated carbon is considered to be a
highly effective adsorbent for removing pollutants from aqueous solution. It is the most important commercial
adsorbent with a large surface area, high porosity, adequate pore size distribution and high mechanical
strength.

Activated carbons can be produced from different carbonaceous materials such as coal, wood, peat especially
lignocellulosic by-products like pinewood, date’s stone, cola nut shells, and maize stalks. Activated carbons are
increasingly being used to remove organic compounds and heavy metals of environmental concern from waste
streams.

In the literature activated carbons are produced mainly from single precursors. Therefore, it is very important to
investigate the effect of a mixture of the precursor on the adsorption properties of an activated carbon. Among
the lignocellulosic materials used to produce activated carbon, we have Cucurbitaceae peelings and ayous
sawdust [12-15]. These two materials are chosen because of their abundance. In Cameroon, for example, the
production of Cucurbitaceae between 2005 and 2008 was 558.530 tonne [16]. It is important to notice that this
production increases with time. Concerning ayous, the production in 2015 was about 7 % of exported wood
(about 62.000 m3). It is important to note that this production does not take into account the exploitation for
national use [17]. We can, therefore, see that in Cameroon and in the world at large, these two precursors are
available in large quantities.

The aim of this study was to use activated carbons produced from ayous sawdust, a forestry waste, and
Cucurbitaceae peelings, a local agricultural waste, to investigate the removal of phenacetin from aqueous
solution using these activated carbons.

2. MATERIALS AND METHODS

2.1. Phenacetin

Phenacetin is an antipyretic/analgesic drug. The one used in this study as adsorbate was provided by Aldrich.
The stock solution of phenacetin was prepared by dissolving 250 mg of phenacetin in 100 mL of hot distilled
water (75 °C) and then completing to 500 mL with cold distilled water. All working solutions of various
concentrations of phenacetin were freshly prepared from this stock solution of 500 mg/L. HCI or NaOH of
concentration 0.1 M of was used to adjust the initial pH of the solution. KCI, MgCl, and CaCl, were used to
study the influence of ionic strength on the adsorption process. All chemicals used were of laboratory grade.

2.2. Adsorbents

Activated carbons used had been prepared using Response Surface Methodology (RSM) in the Laboratory of
Noxious Chemistry and Environmental Engineering (LANOCHE) of the University of Dschang, Cameroon [18].
Activated carbons were prepared by activating lignocellulosic precursors with 1 molar phosphoric acid, followed
by calcination in a furnace at 450°C for one hour. The activated carbon, B1M was prepared from ayous sawdust
by activation with 1 M phosphoric acid, while P1M was prepared from Cucurbitaceae peelings and BP1M was
prepared from a 1:1 mixture of the two.

2.3. Characterizations

Scanning electron microscopy (SEM), elemental analysis using an energy-dispersed x-ray (EDX), FT-IR, pH of
zero point charge and micro-analyzer were applied on the activated carbons to study their surface texture, the
development of porosity and the percentage of atoms present in them [19,20].

2.4. Adsorption

Adsorption experiments were carried out by mechanical agitation at room temperature. For each run, 30 mL of
phenacetin solution of a known initial concentration between 20-50 mg/L was treated with 50 mg of any of the
activated carbons. After agitation, the solution was filtered, and the filtrate analyzed to obtain the concentration
of the residual phenacetin by using the UV/Vis spectrophotometer (Jenway, model 6715). Similar
measurements were carried out by varying the pH of the solution, ionic strength and the initial concentrations of
the solution. The amount (Q;) of phenacetin adsorbed was calculated using the following expressions:

B = Tl (1)

m
where C, is the initial concentration of the phenacetin, C; is the concentration at time t, V is the volume of the
solution, and Qy is the quantity adsorbed at time t while m is the mass of the absorbent.



Effect of initial pH

For each adsorbent, the optimal mass of adsorbent obtained at the end of the preceding study was treated with
30 mL of aqueous solution of 40 mg/L of phenacetin in the pH range of 2 to 7. The pH of the solution was
adjustment by adding either HCI or NaOH at a concentration of 0.1 M.

Effect of contact time

To determine the effect of agitation time on the adsorption process, 50 mg of ground adsorbent was agitated in
a 30 mL solution of phenacetin of initial concentration 40 mg/L for different contact times varying between 0 and
180 minutes. After each contact time t, the solution was rapidly filtered and the residual concentration
determined by spectrophotometer. The amount (Q.) of phenacetin adsorbed was calculated by using equation
(1).

lonic strength

To determine the effect of ionic strength on the adsorption process, 50 mg of adsorbent was agitated in a 30 mL
solution of phenacetin of initial concentration 40 mg/L containing the salt KCI, CaCl, or MgCl,; with
concentration ranging between 0.005 and 0.03 M. At equilibrium time (2 h), the solution was rapidly filtered and
the residual concentration determined by spectrophotometer. The amount (Q.) of phenacetin adsorbed was
calculated by using equation (1).

The concentrations that gave maximum adsorption quantities were used to study the effect of ionic strength on
contact time.

Kinetics of adsorption studies

The kinetic experiments were conducted using a series of 30 mL solutions containing known amounts of
adsorbent and concentrations of phenacetin. The solutions were vigorously agitated for increasing time
intervals. At the end of each interval, the solution was analyzed in order to determine the residual concentration
of phenacetin. A number of kinetic models were used to test the fit of the experimental data. These are:
Pseudo-second order

The pseudo-second-order kinetics is expressed as

where K; is the pseudo-second-order rate constant. For boundary conditions t= 0 to t=t and Q; = Q,, the
integrated form of the equation is:
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If the adsorption rate is defined as h = Qy/t, when t approaches 0, the initial rate of adsorption h, (mg/g min), is:
B = B B e, 4)

h, represent the initial rate of adsorption [21,22].
Pseudo-first order model
The pseudo-first-order equation is generally expressed as [23]:

@
i@, -0 ©

Where Q. and Q; are the adsorption capacity at equilibrium and at time t, respectively (in mg/g) and K; is the
rate constant for the pseudo-first order adsorption (L/mg.min). After integration and applying boundary
conditions equation (5) becomes:

e = Fod m B Gem RLE e (6)

Elovich kinetic model
One of the most useful models for describing such activated chemical adsorption is the Elovich equation (5),
which is given by:

% = g:a:gp[—ﬁ{}tj .................................................................................... 7)
The linear form of equation (5) is given by:
e = SIR(@EY + I oo (8)

where @& (mg/g.min) represent the initial rate of adsorption and /5 (mg/g.min) the desorption rate constant [24].
Intraparticle diffusion model

In many adsorption cases, Weber-Morris found that adsorbate uptake varies proportionally with t1/2 rather than
the contact time t [25]. For example, the rate of adsorption can be given by:

B R R e )

Where C is the boundary layer diffusion effects, and it depicts the boundary layer thickness, while Kig (mg/g.min)
is the initial rate of adsorption, and it is controlled by intra-particle diffusivity.

Batch equilibrium experiments

For each run, the adsorbent was mixed with 30 mL solution of phenacetin, at different initial concentrations
varying from 20 to 50 mg/L. The suspension was stirred for two hours, within which equilibrium was attained and
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with different activated carbon. The amount of phenacetin adsorbed at equilibrium, Q. (mg/g) was calculated
using equation (1). Equilibrium data was then fitted by using the isotherms of Langmuir, Freundlich, Jovanovic,
Elovich and Kiselev.
The Langmuir isotherm
The Langmuir adsorption isotherm is often used of the equilibrium of the adsorption of solutes from solutions. It
is expressed as [26]:

I
.= LEG, T (10)
where, Q; is the adsorption capacity at the equilibrium concentration (mg/g); C. is the equilibrium concentration
of adsorbate in solution (mg/L), while Q, is the maximum adsorption capacity (mg/g) and K is the Langmuir
constant (L/mg). Equation (7) can be rearranged to the linear form as [27]:
St 1 5%
He Eim Gm
The Langmuir separation factor R, which is an essential characteristic factor of this isotherm is calculated by
using the relation:

1
B e (12)

where C, is the initial concentration of phenacetin, while K. and Q,, are the Langmuir constant and the
maximum adsorption capacity respectively.

Freundlich isotherm

the equation of the Freundlich isotherm is given by:

e M ECH™ (13)
The linear form of equation (10) is given by:
G, m ImKp 4 LIy oo (14)

The plot of [n€F, versus 1€, allows the different constants in the equation to be determined [27, 28].
Jovanivic isotherm model

This model is similar to that of Langmuir, except that an allowance is made in the former for the surface binding
vibrations of an adsorbed species. This model is given by:

e =, (1— sszr:l .............................................................................. (15)
where K; and Q,, are the model constants. The linear form of equation (12) is given by equation (10):
g =g, - E'J,E:, ................................................................................ (16)

The plot of lifZ, versus allows the determination of different constant [29,30].
Elovich isotherm model
the Elovich model is given by:

2= -k
o EoC emp( %_] .............................................................................. (17)

where Kg is Elovich constant [31].
The linearization of equation (11) is given by:

Bzt _ 2
1u[E:} e (18)

The plot of Iru {;—:} versus Q. gives a straight line that can be used to determine the model constants [31].

Kiselev isotherm model
This model defined by Kiselev in 1948 is based on a monolayer adsorption and is given by:

g
Elg - m .................................................................................. (19)
Where Kj is the equilibrium constant relative to adsorbate-adsorbent interaction, K, is the constant of formation
of complexes between adsorbed molecules and 6 is the coverage surface (6 = Q./Qn). Qm is the maximum
adsorbed quantities and it is obtained from the Langmuir model. The linear form is given by:

1 :
erTaa < T (20)
The plot of T :EI_I-E versus % allows one to determine the different constants in the model [32].
o =]

3. RESULTS AND DISCUSSIONS

3.1. Characterization of activated carbons
SEM analysis: The morphological structures on the carbons were analyzed with the aid of SEM. The surface
structures of the activated carbons have burnt out pores as shown in Figure 1. Sample B, activated carbon from
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ayous saw dust activated with 1 M H3PO4 (B1M) shows pore with tunnels or honeycomb-like structures. The
SEM photographs for samples A, activated carbon from Cucurbitaceae peelings activated with 1 M H3;PO,
(P1M) is characterized by a smooth surface with many orderly developed pores, compared to the others.
Sample C, the mixture of ayous sawdust and Cucurbitaceae peelings activated with 1 M H;PO, (BP1M) reduces
the orderly pores development on the surface of the activated carbons. This can be a result of impurities such
as tar produced by ayous sawdust in the mixture that could clog the pores and inhibit good pore structure
development since the amount of activating agent stays constant during the production process. On the other
hand, the well-developed pore form observed for B1M and P1M can be attributed to H3PO, which hydrolyzes
glycosidic linkages in the lignocellulosic materials and cleaves the aryl ether bonds in lignin. These reactions are
accompanied by further chemical reactions that include dehydration, degradation and aromatic condensation
[32]. This condensation forms linkages that retain carbon [33]. The linkage formation is probably responsible for
this pore formation.

84800 20.0kV x4.00k SE(M)

54800 20.0kV x5.00k SE(M)

Fig. 1. The SEM photograph of the prepared activated carbons (A: B1M, B: P M and C: BP1M).

EDX analysis: EDX analysis indicates the presence of carbon, oxygen, phosphorous, potassium and chloride
on surfaces of B1M and BP1M while in P1M we have just carbon and oxygen. The difference between the
atoms present in each activated carbon can be attributed to the initial composition of ayous sawdust and
cucurbitaceae peelings. The presence of phosphorous atom indicates that during the activated process,
phosphate of H;PO, reacted with ayous sawdust. Furthermore, in Figure 2, the EDX analysis indicates a
constant in the number of atoms in BP1M and B1M. This can be explained by the fact that during the analysis,
the small amount of BP1M taken was constituted only by B1M. The presence of phosphorous atom confirms the
pores development in B1M and BP1M compared to P1M. We can also see that in the mixture there is a transfer
of the atom present in activated carbon obtained from each starting material. This can be attributed to the fact
that, the reaction between H3;PO, and the different precursors still have the same as in individual precursors and
since the temperature stay constant the atoms present in each individual activated carbon was transferred to
the one obtained by mixing the precursors.

| e < T [ |1 ——



219
220

221
222

223
224
225
226
227

228

229
230

231
232
233
234
235
236
237
238
239
240

241
242
243
244
245
246
247
248

ki
¥ . il

Fig. 2. EDX analysis of the prepared activated carbons (A: B1M, B: P1M and C: BP1M)
The percentage of the element present in the different activated carbons is given in table 1 below.
Table 1: Atomic percent of the elements present in the activated carbons

Elements _ C (%) 0 (%) P (%) Cl (%) K (%)
B1M 85.38 12.82 1.17 0.19 0.44
P1M 92.81 7.19 / / /

BP1M 85.39 12.82 1.17 0.19 0.44

Where B1M is activated carbon from ayous sawdust, P1M is activated carbon from cucurbitaceae peelings and
BP1M is activated carbon from the mixture of ayous sawdust and cucurbitaceae peelings

FT-IR spectrum

The FT-IR spectroscopy was used to determine the various functional groups present in adsorbent materials.
The spectrums obtained are shown below.
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Fig 3: FT-IR Spectra of activated carbon without adsorption (back) and after adsorption (Red).

Comparing the adsorption peaks with those obtained for activated carbons, the following analyses can be
obtained: 3300 cm™: -OH vibration of chelate and phenolic groups in the main constituents of
lignocellulosic materials; 2860-2900 cm™: -CHj, -CH- and -CH, vibration in cellulose, hemicelluloses and
lignin; 1650-1740 cm™: -C=0 vibration; 1260 cm™: —C-O vibration in carboxylic acids; 1050-1300 cm™: —C-O
vibration in lactones; 900-600 cm-1: vibration of aromatic polynuclear systems[34]. Figure 3 also shows that all
the spectra have the same peaks except one peak around 2200 cm” in the cases of the spectrum after
adsorption. This and the larger peaks obtained after adsorption is proof that both activated carbons have
adsorbed phenacetin. The similarity between the spectrum before and after adsorption in the case B1M is
probably due to the small quantities adsorbed compare to the case of P1M and BP1M. In the case of BP1M the
larger peaks near 1100 cm™ after adsorption is probably due to the bonds form between phenacetin and BP1M.

3.2. Adsorption study

Effect of initial pH: The pH of the solution influences the adsorption processes in that, it affects the surface
charge of the adsorbent as well as the degree of ionization of the adsorbate [35]. The determination of pH point
of zero charges (pH,.) for this activated carbon was carried out by adding 0.1 g of activated carbon to 40 mL
solution of 0.1 M NaCl whose initial pH had been measured and adjusted with 0.1 M NaOH or 0.1 M HCI to vary
between 3-11. The pH of zero point charge was also determined and the result was similar to those obtained by
[16] and is given below.

Table 2: pH of zero point charge of different activated carbons
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Activated carbon B1M P1M BP1M
pH.,c 6.1 6.5 6.3
The effect of the pH was studied in the pH interval 2 - 7 using an initial concentration of 40 mg/L for each
adsorbent. The results obtained are presented in figures 3 below. The results show that adsorption is favoured
for pH < pHpzc, where pHpzc is the pH at the point of zero charges. Maximum adsorption was observed at a pH
of 2. The pHpzc obtained for the various carbons are 6.1 for B1M, 6.5 for P1M and 6.3 for BP1M [18]. The
maximum adsorption at pH = 2, which is lower than the pHpz¢ for the three carbons can be explained by the fact
that, at this pH, the surface of the materials are positively charged. This charge can create an ionic exchange
between the surface and the protonated amino functional group of phenacetin as shown below:

H H | H NH

—

With pH > pHpzc, the adsorbate is more soluble, and the negative charges of the surface of the activated
carbons increase the electrostatic force of repulsion between adsorbate (amino functional group of phenacetin)
and —OH groups of the surface of the material [36].
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Fig.4. Influence of pH on the adsorption of phenacetin.

Effect of contact time: The time of agitation is a very significant parameter in the adsorption process, because
it makes it possible to determine the time necessary to reach equilibrium adsorption, and also to study the
kinetics of the adsorption process. Studies on the adsorption of phenacetin of initial concentration 40 mg/L in
aqueous solution were carried out with 30 mL solution of adsorbate, and the results are presented in Figure 5.
The figures show the evolution of the capacity of adsorption of each compound with time at ambient
temperature. The results show that the adsorption process takes place in two stages. The first stage was
observed during the first 45 minutes of adsorption. The second stage was much slower and took a longer time.
The occurrence of the fast phase can be explained by the fact that, at the start of the process all the sites on the
adsorbent are available, and the phenacetin molecules readily occupy them. The same tendency had been
obtained by [37]. The slow phase which ends at the onset of equilibrium occurs because the presence of the
carboxylic and hydroxyl groups inhibits the adsorption of the organic compounds [38,39]. The adsorbed
quantities can be attributed to -1 interactions. Indeed, during the aromatic condensation, it is possible that
surface functional groups do not occupy the entire nucleophilic sites on the surface. During the adsorption
process, these nucleophilic sites can react with the electrophilic ones on the benzene ring of phenacetin. The
high quantities of phenacetin adsorbed by the mixture (13.18 mg/g for BP1M; 7.40 mg/g for P1M and 4.11 mg/g
for B1M) can be attributed to the development of both types of pores. Also, the mixture of both precursors
increases the percentage of cellulose which favours the development of microporosity, which is responsible for
the adsorption of phenacetin [40].

The results also reveal that the time to achieve equilibrium adsorption is the same for all the different
adsorbents. Thus, equilibrium for phenacetin was attained in 120 minutes. This implies that the kinetics of
adsorption is not influenced by the mixture of starting materials used in preparing the activated carbon.
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Fig. 5. Effect of contact time on phenacetin adsorption by the activated carbons

lonic strength: Wastewater containing pharmaceuticals may also have higher salt concentration since many
metals of group | and Il are present in drugs, and the effects of ionic strength are also of importance in the study
of the adsorption of pharmaceuticals onto adsorbents. Figure 6 shows the effect of various concentrations of
KCI, CaCl, and MgCl, on the efficiency activated carbons to adsorb phenacetin of initial concentration 40 mg/L.
On this figure, it can be seen that the addition of salt does not affect the adsorption capacities for P1M but
increase in the case of B1M and BP1M. Theoretically, when the electrostatic attraction is repulsive, an increase
in ionic strength will increase adsorption [41-42]. The significant increase in phenacetin removal after salts
addition by B1M and BP1M can be attributed to an increase in dimerization of phenacetin in solution [43]. A
number of intermolecular forces have been suggested to explain this aggregation; these forces include van der
Waals forces, ion-dipole forces, and dipole-dipole forces, which occur between phenacetin molecules in the
solution. The higher adsorption capacity of phenacetin under these conditions can be attributed to the
aggregation of molecules induced by the action of salt ions. That is, salt ions force phenacetin molecules to
aggregate, thereby increasing the extent of sorption on the surface of the activated carbon. [42,43] also reported
an increase in the adsorption of reactive dye after adding salt to the solution.

The addition of calcium ions has a far greater effect than the addition of potassium and magnesium ions. This
cannot be explained in terms of ionic strength alone, but it is also considered that the adsorbed calcium-
phenacetin complex is more stable than the magnesium- phenacetin and potassium-phenacetin complexes [44].
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Fig. 6. Effect of initial concentration of salt on the adsorbed quantities (A: effect of KCI, B: effect of CaCl, and C:
effect of MgCl,).

The effect of the salts on contact time was also investigated and the results obtained are given in the figure 6
below. It can be seen that these curves have the same shape as those of contact time. This can be a proof that
adsorption mechanism does not change when we add salts; even those of group | or group Il elements to the
adsorbate solution. The increase in adsorbed quantity can also be attributed to the reduction of solubility of
phenacetin by the salt [37,45].
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Fig. 7. Effect of salts on the contact time (A: effect of KCI, B: effect of CaCl, and C: effect of MgCly)

Kinetic study

The kinetic models used to investigate and describe the adsorption of phenacetin are pseudo-first order,
pseudo-second order, and Elovich models. The plots of the kinetic models are presented in figure 8. The validity
of the order of adsorption process is based on the regression coefficients, R? and on the predicted values of Q..
The parameters for the kinetics models are presented in table 3 below.

Table 3: Parameters of kinetics models for phenacetin adsorption on B1M, P1M and BP1M

Model Pseudo-second order Elovich models Pseudo-first order

Qe ho K2 a B K1 Qe
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Parameters  (mg/g) (mg/g. (g/min. R* (mg/g. (mg/g. R (1/min) (mg/q) R*

min) mg) min) min)
B1M 4.15 0.69 0.004 0.994 963.25 3.24 0.669 0.0074 1.246 0.780
P1M 8.24 0.31 0.0046 0.935 11.36 1.4 0.832 0.0052 3.671 0.660
BP1M 14.18 0.92 0.0045 0.990 26.19 0.67 0.927 0.027 9.325 0.780
B1M + KClI 3.77 0.36 0.025 0.986 1.58 1.58 0.917 0.0061 3.746 0.903
P1M+ KCI 5.15 0.43 0.016 0.981 1.84 1.14 0.856 0.0069 4.893 0.905

BP1M+KCI 14.75 0.64 0.003 0.859 4.47 0.53 0917 0.024 14.35 0.677
B1M+CaCl, 4.62 0.42 0.02 0.985 2.26 1.35 0.867 0.0096 3.325 0.890
P1M+CacCl, 5.31 0.83 0.03 0.991  43.12 1.78 0.857 0.0047 4.317 0.931
BP1IM+CaCl, 11.72 1.84 0.013 0.995 10.08 0.54 0.878 0.0065 8.930 0.712
B1M+MgCl, 3.63 0.40 0.03 0.967 5.89 2.15 0.780 0.0057 3.325 0.855
P1M+MgCl, 5.31 0.81 0.028 0.996 20 1.98 0.934 0.0036 4.342 0.851
BP1M+MgCl, 12.51 0.85 0.0038  0.950 3.41 0.46 0.850 0.015  9.121 0.838

Where B1M is activated carbon from ayous sawdust, P1M is activated carbon from cucurbitaceae peelings and
BP1M is activated carbon from the mixture of ayous sawdust and cucurbitaceae peelings

As seen from Table 3, it is evident that the adsorption of phenacetin onto the activated carbons adequately
follows the pseudo-second-order kinetic model, as the correlation coefficients are higher than 0.9 for both
adsorbents, and the predicted maximum adsorbed quantities are close to the experimental value of 4.11 mg/g
for B1M, 7.40 mg/g for P1M and 13.11 mg/g for BP1M. This allows us to conclude that the rate-limiting step is
chemisorption. This involves interactions caused by sharing of 7 electrons or exchange of protons in a high acid
milieu (pH= 2) between sorbent and sorbate [46].

Pseudo-first order kinetic model is in agreement with a multi-layer adsorption on the surfaces. According to the
correlation coefficient, phenacetin adsorption in the case of B1M is multi-layer. This can explain the lower value
of adsorbed quantities obtained. Indeed, the physical bond is weak and can be easily broken during adsorption
and therefore reduce the adsorbed quantities. We can also see in table 3 that the presence of salt favor multi-
layer adsorption.
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Fig. 8. Linearized pseudo-second order (A: no sel, B: with KCI, C: with CaCl,, D: with MgCl,), Elovich (E: no sel,
F: with KCI, G: with CaCl,, H: with MgCl,), pseudo-first order (I: no sel, J: with KCI, K: with CaCl,, L: with MgCls)
plots.

Adsorption Mechanism

The mechanism of adsorption is generally considered to involve three steps, one or any combination of which
can be the rate-controlling mechanism. These steps are:

(i) Mass transfer across the external liquid film surrounding the particle;

(i) Adsorption at a site on the internal or external surface of the adsorbent; and the energy will depend on the
binding process: whether physical or chemical.

(iii) Diffusion of the adsorbate molecules to an adsorption site either by a pore diffusion process through the
liquid film process or by a SO|Id surface diffusion mechanism.

From the plots of Q; versus t*° multi- -linearity was observed for BP1M and one linearity for B1M and P1M. Multi-
linearity, implying that more than one mechanism affected the adsorption process. The first portion describes
the gradual adsorption stage or external mass transfer effects. These lines do not pass through the origin,
indicating that the intraparticle diffusion is not the only process that can control the kinetics of adsorption. The
second portion (case of BP1M) is attributed to the final equilibrium stage for which the intraparticle diffusion
started to slow down due to the extremely low amount of phenacetin compounds left in the solution. We can see
in table 4 that the presence of salts favors diffusion of phenacetin into activated carbon adsorption site by
reducing the boundary layer thickness. In the case of BP1M the two phases observe can be the result of the
mixture of the precursors. Indeed, SEM analysis shows that P1M have in majority meso-pores who can favors
mass transfer across the external liquid film surrounding and B1M have micro-pore who can be considered as
the site of adsorption. This explanation can also be related to the boundary layer thickness constant (C) who is
high in the first linearity and low in the second linearity.

Table 4: Constants of Weber and Morris diffusion model

Activated carbon Constants Without salts KCI MgCl, CaCl,
Kig (mg/g.min) 0.058 0.224 0.204 0.256

B1M C (mg/g) 3.224 1.438 1.640 1.801

R® 0.786 0.982 0.951 0.907

Kig (Mmg/g.min) 0.234 0.311 0.169 0.203

P1M C (mglg) 2.985 1.817 2.594 3.164
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R* 0.847 0.959 0.822 0.905
BP1M (1): first Kia (mg/g.min) 0.448 0.822 0.756 0.816
linearity C (mg/g) 6.518 3.507 4.009 4.749
R 0.843 0.959 0.822 0.937
BP1M (2): second  Kig (mg/g.min) 0.679 2.369 1.350 1.052
linearity C (mg/g) 5.174 -7.826 -0.783 2.886
R 0.853 0.978 0.920 0.918
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Fig: 9: Weber & Morris intraparticle diffusion (M: no sel, N: with KCI, O: with CaCl,, P: with MgCl,) plots.

In order to study the effect of different salts on the initial rate of adsorption (h,) given by the pseudo-second-
order model and the desorption rate constant () given by the Elovich model, the histograms presented in figure
8 were plotted. On the figure, it is seen that addition of CaCl, increases the initial rate of adsorption for P1M,
BP1M more than the other salts and it reduces more the rate of desorption. This can be attributed to the high
molecular weight of CaCl, which reduces the solubility and favours adsorption [36]. The value of the desorption
rate constant confirms the low quantities adsorbed by B1M. Based on the rate constant, we can say that the
bond established between B1M and phenacetin is a low energy band corresponding to the highest value of the
constant, while the bond energy in P1M and BP1M is high which corresponds to the lowest value of the
constant, since desorption is favorable in physisorption than in chemisorption.
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Fig. 10. Effect of different salts on the initial rate of adsorption (A) and the desorption rate constant (B).

Equilibrium study

To study the equilibrium, the initial concentration of adsorbate was varied, while maintaining constant the other
parameters such as pH, the volume of the solution, time of contact and the mass of adsorbent. When the initial
concentration was increased from 20 to 50 mg/L, the capacity of adsorption for the three carbons was observed
to increase (figure 9). This increase in the capacities of adsorption for the activated carbons with the increase in
the concentration of phenacetin can be attributed to TT—1r interactions and the exchange of protons between
these organic compounds and the functional groups on the carbon surface. The same result was obtained by
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[37]. The m-1 interactions in most cases are responsible for the

compound [47,48].

mechanism of adsorption of aromatic
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Fig.11. Effect of initial concentration on adsorbed quantities

The Langmuir, Freundlich, Jovanovic, Kiselev, Elovich models were studied in this work. The adsorption
isotherms relate the amount of phenacetin adsorbed at equilibrium Qe (mg/g) to the phenacetin concentration at
equilibrium, Ce (mg/L) and the plots are given in figures 10 to 14.
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The different constants derived from the graphs of the models are grouped in table 4.

Table 5: Constants of Isotherm models

Models Constants B1M P1M BP1M
KL (L/mg) 0.82 0.66 0.52

Qm (mg/g) 4.93 5.93 15.84

Langmuir R. 0.026 0.032 0.04

R? 0.997 0.999 0.997
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Kr (mg/L) 3.93 4.08 8.38

Freundlich 1/n 0.054 0.168 0.063
R® 0.763 0.981 0.982
K, (L/mg) 0.0034 0.0068 0.0241
Jovanovic Qm (mg/g) 4.31 4.81 10.04
R? 0.870 0.931 0.978
Ke (L/mg)  3.183¢10°  4.33x¢10° 32.45
Elovich Qm (Mg/g) 0.35 0.6 3.03
R? 0.730 0.980 0.966

Ki(L/mg)  -1.18310* -2.52310°  -3.47310°
Kiselev Kn -1.10 -1.19 -1.45
R® 0.952 0.843 0.837

According to the R? values presented in table 4 we can conclude that the adsorption process adequately
follows the Langmuir isotherm model which is based on the assumption that uptake occurs on a homogenous
surface by monolayer sorption without interaction between adsorbed molecules. The R_ values from the
Langmuir model range between 0 and 1 implying that the adsorption of phenacetin is favorable. The Freundlich
sorption isotherm shows that adsorption is favorable for P1M and BP1M because then value ranges between 1
and 10 and unfavorable for B1M, where n is higher than 10 [32]. From the Jovanovic isotherm model it can be
concluded that adsorption is a monolayer localized process, which does have lateral interactions; just like in the
case of the Langmuir model [30]. The Kiselev isotherm model shows that there is no formation of a complex
between the adsorbate molecules during adsorption since all of the constants are negative [33].

4. CONCLUSION

Activated carbons produced from ayous sawdust and cucurbitaceae peelings were successfully utilized
for the removal of phenacetin from aqueous solution by batch adsorption method. Characterization showed that
in the activated carbon obtained from the mixture of precursor materials, there was a transfer of atoms present
in each activated carbon separately. On the result of the SEM analysis, we can see that the mixture has
standardized the varieties of pores observed in the case of P1M. FT-IR analysis shows that after adsorption one
peak around 2200 cm™. This is the proof that both activated carbons have adsorbed phenacetin and the larger
peaks near 1100 cm™ after adsorption is probably due to the bonds form between phenacetin and activated
carbons. Adsorption is found to favorable at pH 2 because of electrostatic interactions. One of the important
results obtained was the increase of quantities adsorbed by the mixture of the precursors who can be attributed
to the standardization of pores obtained. The equilibrium data were tested using the Langmuir, Freundlich,
Elovich, Jovanovic and Kiselev models. Correlation coefficient shows that Langmuir model described well the
adsorption process. Kinetic parameters were also analyzed using the pseudo-second-order, and Elovich
models. Kinetics studies showed that the adsorption followed pseudo-second-order. lonic strength study shows
that CaCl, increased the adsorbed quantities while MgCl, increased the rate constant of desorption. Multi-
linearity observed in Weber and Morris diffusion model, implying that more than one mechanism affected the
adsorption process. The first portion describes the gradual adsorption stage or external mass transfer effects.
These lines do not pass through the origin, indicating that the intraparticle diffusion is not the only process that
can control the kinetics of adsorption. We have also found that the mixture of the precursors favor the mass
transfer from the solution to the adsorption site inside the activated carbons. Based on the fact that the mixture
of precursors in the preparation of activated carbon increased the adsorbed quantities, this way of preparation
must be explored because it can allow the user of some precursors who show poor adsorption capacities when
they are used own.
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