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a b s t r a c t
Nowadays, pharmaceutical compounds are often detected in surface water and groundwater. 
The potentiality of commercial activated carbon (CAC) for the removal of ketoprofen (KP) from aque
ous solution was studied. The effects of various parameters such as pH, time, temperature, mixture 
speed, ionic strength, adsorbent mass and initial concentrations of KP were examined. Batch kinetics 
and isotherm adsorption experiments were performed to remove KP from aqueous solution. It was 
found that KP removal by CAC increased with the initial KP concentration. Temperature of solution 
and stirring speed showed no effect on KP adsorption. However, the amount of KP removal decreased 
with increase of the pH value and concentration of salt in the solution. The experimental isotherm 
data reveals the suitability and applicability of the Freundlich and Temkin isotherms model (R2 = 0,99). 
Besides, the adsorption kinetic was fitted well with the pseudo-second-order model. The results 
revealed that the CAC was found to be very effective adsorbent for the elimination of KP from aque
ous solution.

Keywords:  Ketoprofen; Adsorption; Commercial activated carbon; Kinetic and isotherm studies; 
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1. Introduction

The presence of drug residues in aquatic environments 
was discerned in the 1980s [1,2]. The source of their exis
tence in aquatic environments comes from pharmaceutical 
industries, hospital wastes and urban wastewater in com
plete excreted form in the urine and feces as products of 
metabolism or during the blind spill of unused drugs, to 
finish at wastewater treatment plants [3].

The degree of toxicity of the pharmaceutical compounds 
(PhC) has been tested on experimental organisms such 
as algae, daphnia magna and fish. According to US and 
European guidelines, acute toxicity is declared when the con
centration of the active ingredient in the effluents is greater 

than 1 mg/L (US legislation) or 10 ng/L (European Medicines 
Agency) [3].

They can cause a potential impact on aquatic and terres
trial organisms so that they are getting more attention mainly 
in surface water. Therefore, it is necessary to understand 
the environmental behavior of these organic contaminants.

Among the various PhC the Ketoprofen (KP), a non- 
steroidal anti-inflammatory drug (NSAID) was selected. 
This pharmaceutical is widely used as an anti-inflammatory 
and antipyretic drug [4]. NSAID such as KP, diclofenac, 
naproxen and aspirin inhibit certain functions (including 
growth) in vertebrates (non-mammals) and invertebrates 
[5]. In this context, effective and efficient removal of KP from 
water is necessary.
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Conventional wastewater treatment plants, including 
acti vated sludge processes, do not eliminate completely phar-
maceuticals products from wastewater: elimination rates 
range from less than 20% to more than 80% for some pharma
ceuticals [1]. A typical example is given by Maude et al. [6] 
where the elimination rate was between 8% and 53%.

In addition to biological treatment, which has showed 
weakness for the elimination of PhC, we quote the differ
ent technologies that have been reported in the literature for 
the elimination of these contaminants, including ultrasonic 
irradiation, combined advanced oxidation processes such 
as sonophotocatalytic degradation in the presence of Fe3+ 
and TiO2, electrochemical degradation, membrane technol
ogies, membrane distillation, extraction using molecularly 
imprinted polymers, membrane distillation, photocatalysis, 
catalytic wet air oxidation; hybrid technologies adsorption on 
mesoporous silica and activated carbons, among others [4–7].

Adsorption is considered as competitive technic for remov
ing PhC from aquatic environments due to the simplicity of 
design, its profitability and its low operating cost [8].

Despite the fact that several synthesized materials show 
PhC adsorption efficiency, activated carbon remains the most 
used material especially in the case of adsorption of specific 
adsorbates, as is the case of PhC. In the literature, few works 
have studied the adsorption of KP, unlike ibuprofen, where 
several articles have studied the elimination of this drug 
from aqueous solutions.

The adsorption of KP from aqueous solutions was tested 
by various adsorbents, carbon nanotubes (CNTs) and CNTs 
modified with ionic liquids were tested on the adsorption 
of KP and sulfamethoxazole (SMX) in the study of Lawal 
et al. [9]. Carbon nanospheres derived from cellulose, was 
prepared by Feng et al. [10] to eliminate KP, benzophenone 
and diphenylamine from queues solution. Other synthe
sized adsorbents have yielded impressive results for the 
adsorption of KP and other NSAIDs, such as polyvinylpyr
rolidone-coated magnetite nanoparticles [11], Metal-organic 
framework (MIL-101), with or without modifications [8], 
PPhA adsorbent, designed using “acid catalyst” function
alization [12] and goethite to adsorb three typical NSAIDs 
(KP, naproxen and diclofenac) in column chromatography, 
batch experiments [13].

In this study, we are interested to the adsorption of KP 
from an aqueous solution by commercial activated carbon 
(CAC). The effects of temperature, pH of solution and initial 
KP concentration, stirred speed and time removal have been 
studied. The best fit equilibrium isotherms were determined 
by applying various adsorption isotherm models such as 
Langmuir, Freundlich and Temkin. Adsorption kinetic mod
els were also used to analyze the kinetics and mechanism 
of KP adsorption on the CAC used. This fundamental study 
will prove helpful for subsequent application in designing 
an adsorbent for the treatment of KP-containing effluent.

2. Materials and methods

In this work, a CAC (Biochem Chemopharma, Georgia-
USA) was used as an adsorbent. The CAC has an average 
diameter less than or equal to 125 µm, it was chosen as adsor
bent because of its efficiency to adsorb different molecules. 
Before use, the CAC was dried at 105°C for 24 h to remove 

the adsorbed water and subsequently stored in a desiccator 
until for further use. KP is NSAID belongs to the propionic 
acid NSAID class; its name is 2-(3-benzoylphenyl) propionic 
acid [14]. Both enantiomers possess different biological 
activities [15]. KP is a nonselective cyclooxygenase inhibitor; 
it has analgesic, antipyretic and antiarthritic effect through 
inhibiting the prostaglandin and leukotriene synthesis.  
KP has very strong anti-inflammatory effect [14]. This compound 
has a very low solubility in water (51 mg/L at 22°C) [16].

The KP molecular properties are molar mass (254.28 
g/mol), solubility in pure water (51 mg/L at 22°C) and 
pKa = 4.54 at 25°C (Fig. 1).

2.1. Analysis of KP

KP (C16H14O3) was selected as the adsorbate species. 
A stock solution was prepared by dissolving 50 mg of KP in 
the form of powder in 1 L of distilled water. The suspension 
was stirred until the complete dissolution of the KP. Desired 
concentrations of KP were prepared from the stock solution. 
KP concentration was estimated spectrophotometrically 
by monitoring the absorbance at 261 nm using a UV–vis 
spectrophotometer (Shimadzu Mini 1601, Germany). pH was 
measured using a pH meter (JENWAY, Romania).

2.2. Characterization

The pH of zero charge (pHPZC) of the CAC was deter
mined by the so–called pH drift method as given by Nandi 
et al. [17]. This technique involves using of NaCl at 0.01 mol/L 
at different initial pHs ranging from 2 to 12; the pH was 
adjusted in addition of HCl and/or NaOH at 0.1 mol/L. 
A volume of 50 mL of each solution was contacted with (0.25 g) 
masses of CAC with stirring for 48 h and the final pHs were 
measured and plotted vs. the initial pHs. The pHPZC was 
determined by the value for which the pHfinal is equal to the 
pHinitial (pHPZC is the point where the pHfinal = pHinitial).

The acidic and basic surface functional groups were 
determinate by the Boehm titration method [18].

Textural characterization of the CAC was carried out by 
N2 adsorption at 77 K using Quanta chrome (USA) Nova 
Win instrument (version 11.03). The Brunauer–Emmett–
Teller (BET) [19]. The pore size, pore volume were calculated 
using BET method. The mesopore and micropore size dis
tributions were estimated based on Barrett–Joyner–Halenda 
and Horvath–Kawazoe theory respectively [20].

The Fourier-transform infrared (FTIR) spectra were 
obtained using a Spectrum GX spectrometer (Agilent tech
nology Cary 600 spectrometer, USA) at a 4 cm–1 resolution. 
About 150 mg KBr disks containing approximately 2% of 
CAC samples was prepared shortly before recording the 
FTIR spectra on an FTIR spectrophotometer in the range 
from 400 to 4,000 cm−1 with 4 cm−1 resolution.

2.3. Batch adsorption

2.3.1. Batch equilibrium and kinetic studies

The batch adsorption experiments were carried out by 
contacting 0.25 g of CAC with 100 mL of KP solutions in 
the sealed 200 mL flasks. The suspensions were magneti
cally stirred at 300 rpm at room temperature (25°C) at pH 5. 
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Sample at a volume of 2.5 mL was taken out from the beaker 
at a specified time interval until the adsorption equilibrium 
was reached and filtered using Millipore filters (Germany) 
(0.22 µm). The recovered filtrate was immediately analyzed 
by spectrophotometer (Shimadzu Mini 1601, Germany) at 
the wavelength of 261 nm.

The adsorbed amount (mg/g) of KP on the CAC, qt at 
any time t or qe at equilibrium, was obtained with the mass- 
balance equation:

q
C C
m

Vt
t=

−( )
×0  (1)

q
C C
m

Ve
e=

−( )
×0  (2)

where C0: the initial concentration of KP (mg/L); Ct: the con
centration of KP at time t (mg/L); Ce: the concentration of 
KP at the equilibrium (mg/L); V: Volume of the solution (L); 
m: Dose of the adsorbent (g).

The percentage removal of KP (%) was calculated using 
the following equation:
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2.3.2. Effects of variable parameters

The effects of different parameters such as adsorbent 
dose, pH of solution, ionic strength, temperature and agita
tion time were studied.

2.3.2.1. Effect of adsorbent dose

The effect of adsorbent amount KP removal efficiency 
was investigated on an 300 rpm shaker at 25°C by changing 
the adsorbent amount from 0.05 to 4 g/L at the constant pH 5 
and the initial concentrations of KP is 10 mg/L.

2.3.2.2. Effect of pH

The effect of pH on the efficiency of KP removal was 
studied by changing the initial pH value from 2 to 12 using 
hydrochloric acid and sodium hydroxide at constant initial 
concentrations of KP being 10 mg/L, with the initial concen
tration of the adsorbent being 2.5 g/L at 25°C.

2.3.2.3. Effect of temperature

The temperature of solution is an important parameter 
for the establishment of the adsorption isotherms. To study 
the effect of this parameter we followed the variation of the 
adsorbed amount of drug as a function of time at differ
ent temperatures from 20°C to 50°C. The temperature was 
kept constant using water bath (Kottermann Labortechnik, 
Germany). The other parameters were fixed as 2.5 g/L 
(adsorbent dose/solution volume), stirred at 300°C, KP solu
tion at concentration of 10 mg/L, solution volume of 0.1 L 
and without modifying pH.

2.3.2.4. Stirring rate

The effect of stirring rate on the removal of KP was 
evaluated by varying the speed stirring from 100 to 600 rpm 
with keeping the other parameters constants: pH 5 and the 
initial concentrations of KP, 10 mg/L, temperature of 25°C, 
KP solution at concentration of 10 mg/L.

2.3.2.5. Effect of salinity

Effect of salinity was studied by adding the NaCl (salt 
chosen) to the KP solution. The initial salt concentration was 
ranging from 50 to 300 mg/L. The other parameters were 
fixed as 2.5 g/L (adsorbent dose/solution volume), stirred at 
300°C, KP solution at concentration of 10 mg/L, temperature 
of 25°C, solution volume of 0.1 L and without modifying pH.

3. Results and discussions

3.1. Characterization of CAC

The specific surface area (SBET), average pore size by 
BET, and total pore volume of the CAC, as obtained from N2 
adsorption–desorption isotherms at 77 K, were 463.4 m2/g, 
27.36 Å and 0.13 cm3/g, respectively.

As shown in Fig. 2, the pHPZC of CAC was obtained 
by the intersection of the two curves is 7.1.

The results of Boehm titration (Table 1) show that the 
number of acidic functional groups is greater than that of the 

Fig. 1. Chemical structure of ketoprofen [15].
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Fig. 2. Graphical representation of zero charge point pHPZC.
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basic ones. The hydroxyl and phenol groups are predomi
nant followed by the strong carboxylic acid groups, while 
the lactone and weak carboxylic acid groups are zero.

The FTIR technique is very useful for identification of the 
functional groups of the CAC solid. The surface functional 
groups of CAC were analyzed by the FTIR spectroscopy. 
The spectral range is 4,000–400 cm–1. The FTIR spectrum 
revealed (Fig. 3) bands at about 3,030 cm–1 this band can be 
associated to –OH stretching vibration of hydroxyl func
tional groups. The peak at 3,300 cm–1 indicates the pres
ence of the OH group, which can probably be attributed to 
adsorbed water on the carbon surface. The bands observed 
at about 2,950–2,850 cm–1 could be assigned to the aliphatic 
C–H group [21,22]. The peak at 2,760.87 (C=O) can be 
attributed to aldehyde groups. The spectra also displayed 
bands at 1,600 cm–1 corresponding to the C=C vibration in 
aromatic rings, and a peak at 1,240 cm–1 could be assigned 
to the stretching of C–O in esters, ethers or phenol groups.

3.2. Effect of adsorbent dose and contact time

To examine the effect of CAC dose on KP adsorption, 
the dose of adsorbent was varied from 0.05 to 4 g, while the 
initial KP concentration was kept constant (10 mg/L). Figs. 4a 
and b show that the amount of KP adsorbed decreases from 
18.40 to 0.26 mg/g with the increase of the adsorbent dose, 
which is due to the increase in adsorbent surface area of the 
adsorbent.

The maximum elimination (97.80%) was observed for a 
mass of 0.25 g, this adsorbent dose was selected as optimal. 
In addition, Fig. 4a shows rapid adsorption of KP from the 
first few minutes. The equilibrium conditions were reached 
at 5 min for all adsorbent doses studied which indicates the 
rapidity of adsorption process.

3.3. Effect of temperature

This parameter is important for the establishment of 
kinetic adsorption models, for which we have studied the 
percent of KP adsorbed as a function of temperatures from 
20°C to 50°C, the results obtained are shown in Fig. 5. This 
figure shows that the amount of KP adsorbed is similar 
for all temperatures (≈94%) with an exception at the tem
perature of 25°C. At this temperature, a slight increase was 
observed in the percent of KP adsorbed (97.02%). Overall, 
the percentage removal decreased from 97.02% to 94.51% 
with increasing temperature from 25°C to 50°C respectively. 
This can be explained by the exothermicity of the adsorp
tion process and the weakening of the bonds between KP 

Table 1
Concentration of functional groups of CAC

Concentration of functional groups meq/g

Strong carboxylic acid (G I) 0.16
Lactone and weak carboxylic acid (G II) 0
Hydroxyl and phenol (G III) 0.55
Acidic functional groups 0.71
Basic functional groups 0
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Fig. 3. FTIR spectra of CAC.

0

6

12

18

24

0 20 40 60 80 100 120 140

q t
(m

g/
g)

t(min)

0.05g 0.1g 0.25g 0.5g 1.5g
2g 2.5g 3g 3.5g 4g

80

82

84

86

88

90

92

94

96

98

0.05 0.1 0.25 0.5 1.5 2 2.5 3 3.5 4

92.88 93.56

97.80 97.63

96.10 95.42

97.63

93.73 95.25 95.59

%
 E

lim
in

at
io

n

Adsorbent dose (g)

(a)

(b)

Fig. 4. (a) Effect of adsorbent dose on the elimination of keto
profen (C0 = 10 mg/L, W = 300 rpm, T = 25°C and pH = 5) and 
(b) Ketoprofen elimination percentage us function of adsorbent 
dose (C0 = 10 mg/L, W = 300 rpm, T = 25°C and pH = 5).



M. Zamouche et al. / Desalination and Water Treatment 172 (2019) 86–9590

and adsorbent active sites for the highest temperatures. 
This result has been previously reported by Cuerda-Correa 
et al. [23], when studying the adsorption of KP and naproxen 
onto the carbon black BC-1300. They have reported also that 
as temperature raises the interaction occurring between 
the adsorbate and the active sites of the adsorbent become 
weaker, which is indicative of a physisorption process. 
Furthermore, an increase of temperature generally involves 
an increase of the solubility of the solute, thus favoring the 
adsorbate–adsorbent interaction forces and consequently 
decreases in adsorption [23]. The temperature of 25°C gives 
a very high percentage of elimination of KP, so this value 
is considered us an optimal value.

3.4. Effect of pH

The effect of pH solution is an important parameter on 
the amount of KP adsorbed by CAC. The initial pH of the 
solution pH was varied from 2 to 12; the latter is adjusted by 
the addition of hydrochloric acid (0.1 N) or sodium hydrox
ide (0.1 N). The concentration of KP (10 mg/L), solution 
temperature (25°C) and agitation speed (300 rpm) were kept 
constant. The effect of pH on the removal of KP by CAC is 
shown in Fig. 6.

As seen from the result obtained, the pH of solution has 
not a remarkable effect on the amount of KP adsorbed. At 
natural pH (without modification, pH = 5), a highly amount 
of KP was obtained (3.75 mg/g). At pH higher than 5, the 
amount adsorbed is slightly decreased from 3.67 to reach 
a value of 3.57 mg/g at pH 12. This result agrees with that 
found in the research paper Cuerda-Correa et al. [23], where 
the amount of KP adsorbed has decreased at neutral or 
basic pH values between 7 and 11. These variations with 
pH suggest that at this pH range the dissociation degree 
of the surface groups of the adsorbent (pH > pHPZC = 7.1) 
as well as that of KP is high and both, the adsorbent and 
the adsorbate occur in their negatively charged forms, 
which induces electrostatic repulsions between the KP 
and the surface of the adsorbent [23]. At pH equal to 2, the 
adsorption capacity was more or less high (3.71 mg/g) and 

maximum at natural pH (pH = 5). At pH = 5, the activated 
carbon surface is positively charged (pH < pHpzc = 7.1) and 
KP is always anionic, which causes an attraction between 
the drug and the activated carbon surface. The rises of the 
amount of KP adsorbed at low pH was also detected in the 
research of Cuerda-Correa et al. [23]. It was reported that 
the decrease of pH results in a noticeable decrease of the 
effective size of the KP molecule due to a decrease in the size 
of the hydration sphere, which would favor the access of the 
KP molecules into the porous texture of the adsorbent and, 
consequently, the adsorption of the KP. KP adsorption was 
also more favored at lower pH compared to other states in 
the study of Lawal et al. [9].

The optimal pH for the adsorption of KP with the CAC 
is the naturel pH of 5, the higher amount observed at this 
pH it was contributed to the physisorption since both the 
adsorbent and the solutes may be considered to be in their 
neutral or slightly dissociated forms as given in the Cuerda-
Correa et al. [23].

3.5. Effect of stirring speed

The effect of stirring rate on the amount of KP adsorbed 
was determined from 100–600 rpm. As shown in Fig. 7 it 
was observed that there is no considerable change in the 
adsorption capacity of the CAC for the different speeds 
tested. The percent removal of KP was almost 93% for the 
100, 500 and 600 rpm speeds. A slight decrease in the percent 
removal (≈92%), was observed for the two speeds 200 and 
400 rpm. The decrease of percent removal at 200 rpm can 
be explained by the fact that this speed does not ensure a 
homogenization of the solution, and a good contact between 
the adsorbate and the adsorbent. The stirring speed has the 
effect of reducing the thickness of the liquid film which sur
rounds the particle and which constitutes a resistance to the 
transfer of matter [24]. This lets us predict that at the speed, 
the thickness of the boundary layer is not yet reduced, so it 
delays a little the mass transfer. The optimal stirring speed 
that gives the maximum KP elimination is equal to 300 rpm.

3.6. Effect of ionic strength

The ionic strength of the solution is one of the fac
tors that controls both electrostatic and nonelectrostatic 
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interactions between the adsorbate and the adsorbent sur
face. The effect of salinity on the adsorption of KP by CAC 
was tested by using a NaCl at different initial concentrations 
ranging from 50 to 300 mg/L. As shown in Fig. 8, we observe 
that the presence of salt in the solution influences slightly 
the adsorption of KP by activated carbon, the adsorption 
capacity has slightly decreased from 3.64 to 3.46 mg/g when 
concentration of salt increased from 50 to 300 mg/L, respec
tively. This is probably due to the competition between the 
selected salt and the KP to occupy the active sites on the 
powder activated carbon surface. The presence of ionic 
strength generally influence negatively the adsorption since 
of strong competition effect between Na+ and adsorbate to 
occupy the free sites on the adsorbent as motioned in the 
research of Pan et al. [25] and Niu et al. [26].

3.7. Effect of initial adsorbate concentration

To study the effect of the initial concentration of KP 
on adsorption by CAC varied the adsorbate concentration 
ranging from 2 to 20 mg/L. This effect was studied for both 
temperatures of 25°C and 35°C. According to the results 
obtained (Figs. 9 and 10) it is showed that when the initial 
concentration of KP increases from 2 to 20 mg/L the amount 
of KP adsorbed increases from 0.83 to 7.65 mg/g for the 
temperature of 25°C and from 0.6 to 7.44 mg/g for the tem
perature of 35°C respectively. This is due to an increase in 
driving force with the increase in the initial concentration 
of KP, since concentration provides driving force to over
come mass transfer resistance between solid and solution 
phases [27].

3.8. Isotherm experiments

Adsorption isotherm is the plot of adsorption uptake 
qe (mg/g) and the final equilibrium solute concentration 
Ce (mg/L) at a given temperature adsorption [28]. The adsorp
tion isotherm of KP by CAC was done at the temperature 
of 25°C. The behavior of the adsorption isotherms obtained 

(Fig. 11) shows that they can be classified according to 
the classification of Giles et al. [29]. By referring to this 
classification, the isotherm adsorption of KP on CAC was 
classified at an L-type (Langmuir) but at low concentrations 
[29]. The saturation of active sites in the adsorbent which 
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produce the formation of monolayer is not yet occurred 
due to the low concentration range studied (2–20 mg/L).

3.9. Modeling of equilibrium data by Langmuir, 
Freundlich and Temkin models

Adsorption isotherms were obtained from batch exper
iments at a temperature of 25°C (Table 2). The aim of these 
batch experiments was to obtain the maximum adsorption 
capacity (surface coverage). Based on this type of isotherm, 
Freundlich, Temkin, Langmuir and Sips models were used 
to fit the experimental curves. Table 2 shows the parame
ters of each model used for the adsorption of KP on CAC. 
The values of R2 demonstrated that the Sips model could 
represent satisfactorily the adsorption equilibrium of KP 
on CAC.

The isotherm data for KP adsorption by CAC was not 
correctly fitted with Langmuir model as shown in Table 2 
(R2 = 0.244).

The Freundlich and Temkin models give a better fit of 
the experimental data followed by Sips model. This result 
is in agreement with the previously obtained result of 

adsorption isotherm curve at T 25°C, where the rate showed 
an increase in the adsorption capacity at equilibrium with 
the increase of the concentration (for low concentrations). 
This is in agreement with the Freundlich theory, which 
announces that the Freundlich isotherm equation is expo
nential it can only be reasonably applied in the low to inter
mediate concentration ranges [33]. This result is similar to 
that of Razanajatovo et al. [35] studies found that the exper
imental adsorption data of the pharmaceuticals product 
antibiotic SMX, beta-blocker propranolol and antidepres
sant sertraline on ultra-high molecular weight polyethylene 
microplastics were better adapted to the Freundlich model. 
The value of n (0.38) obtained from ranges between 0 and 1, 
that means a high surface heterogeneity or a high adsorp
tion intensity and it becoming more heterogeneous as its 
value gets closer to zero [35]. The adsorption of KP on the 
CAC is probably a chemisorption’s process, because and as 
reported in [35,36], if the value of n is below unity implies 
chemisorption’s process. Freundlich isotherm is widely 
applied in heterogeneous systems especially for organic 
compounds or highly interactive species on activated car
bon [35]. This is the reason that Freundlich isotherm was 
more adapted to our equilibrium results of adsorption of 
KP on CAC.

4. Kinetics study

Kinetics of adsorption of KP onto CAC was modelled by 
pseudo-first-order and pseudo-second-order kinetic equa
tions (Table 3).The pseudo-first-order rate constant K1 and 
qe can be determined from slope and intercept of the graph 
by plotting log (qe – qt) vs. t (Fig. 12). While, the pseudo- 
secondorder rate constant K2 and qe can be determined from 
slope and intercept of the graph by plotting t/q vs. t (Fig. 13). 
The calculated constants and R2 values for the selected 
kinetic models were given in Table 3.

The pseudosecondorder model provided much better 
correlation coefficients (R2) than pseudofirstorder model, 
As shown in Table 3, pseudo-second-order model provide 
better correlation coefficients than pseudofirstorder model, 
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Table 2
Isotherms parameters for removal of KP on CAC

Isotherms Nonlinear forms Parameter Value SSE

Langmuir [30]
q
q

KC
KC

e

m

e

e

=
+1

qm (mg/g) 18
13.44K (L/g) 0.8

R2 0.244

Freundlich [30] q CKe F e
n=
1

KF (L/g) 26.6
1.36n 0.38

R2 0.995

Temkin [31] lnq RT AC
be e= ( )ln

A (L/g) 2,73
0.43B (J/mol) 650

R2 0,999

Sips [32] q
q K C

K C
e

s e

n

s e

n

s

s
=

( )
+ ( )
ms

1

qms 9.1

1.48
Ks 1.7
ns 2.9
R2 0.96
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and we can conclude that pseudo-second-order model is 
more suitable to explain the adsorption kinetics mechanism.

The intraparticle diffusion model based on the theory 
proposed by Weber and Morris (Table 4) was tested to iden
tify the diffusion mechanism. The results shown in Fig. 14 

and those recorded in Table 4 show that the correlation 
coefficients are unsatisfactory. For intraparticle diffusion 
plots, the lines obtained do not pass through the origin, 
they are multilinear containing two segments, and the first 
region at all concentrations indicates that the diffusion in 
the pores does not control the overall rate of adsorption. 
Therefore, it is confirmed that the first linear segments 
represent the diffusion in the film and that the second 

Table 3
Comparison of the pseudo-first-order, pseudo-second-order adsorption rate constant and calculated and experimental qe value 
obtained at different initial KP concentrations

Kinetics Equations Parameters C0 (mg/L)

2 5 7.5 10 15 20

Pseudo-first-order [9]

dq
dt

K qqt
e t= −( )1 and  

ln lnq tq q Ke t e−( ) = − 1

K1 0.169 0.048 0.060 0.083 0.136 0.024
qe,the (mg/g) 1.512 0.359 0.253 0.503 0.382 0.163
qe,exp (mg/g) 0.832 1.991 2.753 3.749 5.737 7.662
R2 0.522 0.679 0.516 0.568 0.338 0.096

Pseudo-second-order [36]

dq
dt

qK qe t= −( )2

2  and  

t
q K q

t
qt e e

= +
1

2
2

K2 0.887 0.658 0.951 0.652 2.17 1.815
qe,the (mg/g) 0.831 1.992 2.770 3.784 5.737 7.657
qe,exp (mg/g) 0.832 1.991 2.773 3.749 5.731 7.649
R2 0.998 0.999 0.999 0.999 1 1
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linear segments represent the intraparticle diffusion into 
the porous structure CAC [37]. Overall, the increase in the 
initial KP concentration results in an increase in the calcu
lated yintercept value for all concentrations studied. This 
indicates that the intraparticle diffusion is less and less 
involved in the adsorption process, the ordinate at the origin 
informs about the effect of the boundary layer, the greater 
it is the more the contribution of the external diffusion in 
limitation of the adsorption rate is important [36,38,39].

From Fig. 15, the evolution of Bt (Boyd model) as a func
tion of time for different initial concentrations at T = 25°C 
show that linear segments are obtained only for the initial 
period for all studied concentrations, indicating that the 
external mass transfer is the adsorption limiting process only 
at the beginning first 5 min [38].

5. Conclusion

The adsorption of KP from aqueous solution using CAC 
as adsorbent was investigated in batch process. The process 
variables were optimized and maximum KP percent removal 
(97.02%) was reached at 2.5 g adsorbent dose, temperature 
of 25°C pH 5, stirring speed of 300 rpm and KP initial con
centration of 10 mg/L. Ionic strength was found to have an 
influence on the adsorption efficiency. The Freundlich and 
Temkin adsorption isotherms were found to have the best 
fit to the experimental data with a correlation coefficient 
R2 equal to 0.995 and 0.999 respectively. The value of n (0.38) 
obtained indicate a high surface heterogeneity. The KP max
imum adsorption capacity (Qmax) estimated from the Sips 
isotherm model was 9.1 mg/g.

The adsorption kinetics can be predicted by pseudo- 
second-order kinetic. The intraparticle diffusion kinetic 
model was not the main mechanism involved in the adsorp
tion of KP. Thus, CAC can be used as a good material to 
uptake pharmaceuticals from aqueous solution.
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