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This research involves the preparation of activated nanocarbon using pine-
cones obtained from the forestry of the city of Mosul, Iraq. The prepared 
carbon is observed as nanoparticles with a particle size of 16.08 nm meas-
ured by a scanning electron microscope and a BET-theory surface area of 
1.9719 nm2. The iodine number of 1147 mg/g

1 and x-ray diffraction spec-
trum of the prepared activated carbon are also evaluated. The adsorption 
of meloxicam onto prepared activated carbon is studied in aqueous solu-
tions. Freundlich and Langmuir isotherms are applied; the Freundlich 
model is more relevant to the practical data for the studied system due to 
the significant results of high R20.9968 values compared to Langmuir’s 
R20.9915. The study of adsorption thermodynamically at equilibrium has 
shown that the adsorption process is spontaneous, as indicated by the neg-
ative value of Gibbs free energy (G0) and the low value of the entropy af-
ter the adsorption process (negative S0). Moreover, the type of adsorption 
refers to physical absorption (H33.090 kJ/mole) due to the force con-
trolling the bond between the drug and the surface of carbon, which indi-
cates adsorption as a heat-releasing process. Pseudo-first-order, pseudo-
second-order, and intraparticle molecular diffusion are studied. The kinetic 
results show that the adsorption process at equilibrium follows the equa-
tion of a pseudo-second-order reaction, while interaction and molecular 
diffusion are not the only mechanisms dominating the adsorption process. 

Це дослідження включало приготування активованого нановуглецю з 
використанням соснових шишок, отриманих з лісництва міста Мосул, 
Ірак. Підготовлене вугілля спостерігалося у вигляді наночастинок з 
розміром частинок у 16,08 нм, виміряним за допомогою сканувального 
електронного мікроскопа, та площею поверхні за Брунером, Емметом і 
Теллером (БЕТ-теорією) у 1,9719 нм2. Також були оцінені йодне число 
1147 мг/г

1 та спектер рентґенівської дифракції підготовленого активо-
ваного вугілля. Адсорбцію мелоксикаму на підготовленому активова-
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ному вугіллі вивчали у водних розчинах. Були застосовані ізотерми за 
Фрейндліхом і Ленґмюром; Фрейндліхів модель був більш релевантним 
для практичних даних стосовно досліджуваної системи завдяки знач-
ним результатам із високими значеннями R2

0,9968 порівняно з 
R2

0,9915 за Ленґмюром. Термодинамічне дослідження адсорбції в рі-
вновазі показало, що процес адсорбції є спонтанним, на що вказує не-
ґативне значення Ґіббсової вільної енергії (G0) та низьке значення ен-
тропії після процесу адсорбції (неґативне S0). Більше того, тип адсор-
бції відноситься до фізичної абсорбції (H33,090 кДж/моль) через 
силу, яка контролює зв’язок між препаратом і поверхнею вуглецю, що 
вказує на те, що адсорбція є процесом виділення тепла. Була дослі-
джена псевдопершого порядку, псевдодругого порядку та внутрішньо-
частинкова молекулярна дифузія. Кінетичні результати показують, що 
процес адсорбції в рівновазі відповідає рівнянню реакції псевдодругого 
порядку, хоча взаємодія та молекулярна дифузія є не єдиними механі-
змами, що домінують у процесі адсорбції. 

Key words: pinecone, nanocarbon, surface area, Freundlich and Langmuir 
isotherms, adsorption, meloxicam, activated carbon. 
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1. INTRODUCTION 

The major problems of environmental pollution are one of the big-
gest facing the modern world and the most widespread due to indus-
trial progress, which has caused an increase in the world’s popula-
tion. Industry is considered one of the biggest pollutants in the en-
vironment. Chemicals, or their biological decomposition products, 
are among the pollutants that affect the water ecosystem because 
they contain harmful chemical groups. Recently, pharmaceutical 
products have increased in their application, depending on their 
widespread use. As a result, large amounts of pharmaceutical prod-
ucts are discharged as waste materials, which cause the main envi-
ronmental pollutants in liquids to be wasted due to their toxicity [1]. 
 It is also considered an antibiotic-resistant pathogen. The classi-
fication of non-steroidal anti-inflammatory drugs (NSAIDs) repre-
sents one of the most important groups of pollutants due to their 
widespread use, as these medicines treat diseases that affect hu-
mans and animals in terms of their analgesic effect [2], anti-
inflammatory effect, and antipyretic effect. In addition, NSAIDs 
belong to the OTC group of medications; without a prescription, 
they are the most common drugs observed in aqueous wastewater 
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because of their characteristics in terms of their hydrophobicity and 
stability [3]. 
 NSAIDs can remain in the aqueous phases and can also exist at a 
surface concentration of up to 1 µg/L of water molecules [4]. The 
most common wastewater contamination is from homes, hospitals, 
clinics, or production plants. Medicine has prolonged exposure and 
caused bioaccumulation, which leads to chronic effects of toxicity 
that may include growth patterns, metabolism, and reproductive 
problems. The removal of NSAIDs has been applied in several ways, 
such as photocatalytic degradation [5, 6], microextraction [7], oxi-
dation [8], biodegradation [9], chlorination [10], biofiltration [11], 
electrochemical oxidation [12] and an adsorption using activated 
carbon from different sources. 
 Meloxicam (MLX) is a member of NSAIDs has been observed in 
waste water in despite of its poor water solubility, its more soluble 
in alkaline solution at pH of 10.7 up to 19.9 mg/mL in recent study 
three type of activated carbon were synthesized and applied as 
sorbent for MLX removed sorbent for MLX removed from aqueous 
solution [1]. 
 The aim of this study is to synthesized activated carbon from 
pinecone to be used for the removal of MLX from aqueous solution. 
This study includes the determination of adsorption efficiency and 
capacity of MLX in terms of isotherms, kinetics and thermodynam-
ics at equilibrium. 
Freundlich Isotherm. The Freundlich equation is one of the well-
known isotherm models that can be successfully applied to single-
component systems. This model assumes that the surface of the ad-
sorbent is not homogeneous due to the irregularity of the potential 
energy on it as a result of the adsorption sites having varying levels 
of energy, the strength of the linear relationship can be expressed 
through the value of the correlation coefficient R2, as this value is 
used to evaluate the extent, to which experimental data for adsorp-
tion can be represented by this isotherm. The linear model can be 
expressed as follows: 

 logqelogKfn
1logCe, (1) 

where Kf and n represent Freundlich isotherm constants, the value 
of qe represents the amount of adsorbed material per gram of adsor-
bent, which is known as the adsorption capacity (at equilibrium) 
(mg/g), while Ce represents the concentration of the remaining ma-
terial, which is the non-adsorbed at equilibrium (mg/L). When 
drawing the relationship between logqe versus logCe, it gives a 
straight line with a slope equal to 1/n, which represents a measure 
of the intensity of adsorption, and a cross section equal to logKf, 
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which is a function of the adsorption capacity, whereas the value of 
n indicates the best value for obtaining the adsorbent feature and 
the degree of non-openness to the adsorbent feature layer, where, 
when it is only limited between 1–10, this means that adsorption is 
good and preferred; however, when the value of n is less than one, 
this adsorption is preferred and not preferable. When n1, this 
adsorption is linear, whereas when n1, the adsorption is chemical, 
and when n1, there is physical adsorption [13]. 
Langmuir Isotherm. This model assumes that molecules adsorb on a 
specific number of openings (pores) located on a specific weight of 
the adsorbent surface, which are energetically equivalent and each 
hole can hold only one adsorbed molecule, the molecules adsorbed on 
the adsorbent surface do not interfere with each other or with other 
attacking molecules present in the solutions. Therefore, a single 
layer of adsorbed molecules is formed on the adsorbent surface. Ac-
cording to this model, the adsorption phenomenon is rapid in the 
beginning and then reaches a state of equilibrium after the relative 
rate of speed equals due to the attachment of molecules on the sur-
face of the adsorbent and the rate of their return to the solution 
[14]. According to this model, the amount of adsorbed material is 
proportional to the part exposed to the adsorption phenomenon, 
while the amount of returning particles is proportional to the cov-
ered part of the surface, this model can be expressed as follows: 

 Ce/qe1/QmaxCe/(bQmax), (2) 

where b is the Langmuir isotherm constant and indicates the 
strength of the drugs’ attachment to the surface of the adsorbent 
material, while the value of Qmax represents the maximum theoreti-
cal capacity for adsorption of the adsorbent material (milligrams of 
adsorbent per gram of adsorbent material), while the values of Ce 
and qe are the remaining concentration and adsorption capacity at 
equilibrium, respectively [15]. 
Kinetic Study. In order to obtain accurate information that ex-
plains the mechanism of adsorption and the kinetic forces affecting 
it, kinetic models were studied on the studied drug as follows. 
 The first description of the kinetic data for adsorption was by 
Lagergren, and that was through the pseudo-first-order equation, 
which is considered the first equation used to describe the speed 
rate of adsorption, based on its capacity, and then it was used by 
many researchers [16, 17]. The pseudo-first-order equation can be 
expressed as follows: 

 ln(qeqt)lnqek1t. (3) 

 In order for this model to apply to practical data for adsorption, 
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by plotting the relationship between ln(qeqt) versus time t, it must 
give a linear relationship and a match must be obtained between the 
calculated and practical adsorption capacity value. 
 This model is also used to describe the kinetics of adsorption, as 
this model explains how the rate of speed depends on the adsorption 
capacity of the solid adsorbent and not on the concentration of the 
adsorbent. Unlike the other kinetic models, it predicts the behav-
iour of adsorption along the time period of adsorption, this is con-
sistent with an adsorption mechanism that includes a step that de-
termines the rate of speed, which may include countervailing forces 
through the sharing or exchange of electrons between the solution 
and the adsorbent, where the pseudo-second-order equation can be 
expressed as follows: 

 t/qt1/{k2(qe)
2}(1/qe)t. (4) 

 In order for this model to apply to practical adsorption data, by 
plotting the relationship between t/qt versus time t, it must give a 
linear relationship, and a match must be obtained between the cal-
culated and practical adsorption capacity value [16, 17]. It is also 
possible to use the adsorption rate constant k2 to find the value of 
the initial pseudo-second-order adsorption speed (h) through Eq. (5): 

 hk2(qecal.)
2. (5) 

 The overall rate of adsorption will be determined by the slowest 
step, which may be diffusion from the outer boundaries of the liq-
uid to the adsorbent surface, or the implicit molecular diffusion 
within the pores of the adsorbent material. The rate of adsorption 
speed on the active sites is assumed to be fast, and one of the im-
portant things that must be found and determined is the potential 
rate of speed specific to the adsorption mechanism. If the implicit 
molecular diffusion is the controlling factor, depending on the reac-
tion rate, the process of removing adsorbed materials changes with 
the square root of time. As a result, it is possible to calculate the 
rate of adsorption speed by calculating the adsorption capacity of 
the adsorbent as a function of the square root of time, as the im-
plicit molecular diffusion model can be represented by Eq. (6) [18]: 

 qtKdifft
1/2C; (6) 

Kdiff (mgg
1min

1/2) represents the velocity rate constant for implic-
it molecular diffusion, while C (mgg

1) is the value of the cross-
section, and the value of Kdiff can be found from the slope of the 
straight line. 
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2. EXPERIMENTAL METHOD 

2.1. Instruments 

Ultraviolet–Visible Spectrophotometer, double beam type (model 
1800-UV) supplied by Shimadzu company, Japan. pH meter (Jenway 
3510 model) was used for pH measurement. Scanning electron mi-
croscopy (SEM) was used to study the morphology. Oven and muffle 
furnace were used for drying and carbonization purposes, respec-
tively. Water bath shaker of Type ST402 from Jwrio Tech. of Kore-
an origin centrifuge used to isolate samples; the Hermle (LDZ4-
2MEDICAL Low SPEED CENTERFUGE) type is of German origin 
and equipped by HERME LABORTECHNIK, SEM scanning device 
of MIRA3LMU model. The measurements were conducted at the 
University of Tabriz in Iran. 

2.2. Chemical Materials 

All chemical used, including hydrochloric acid (0.1M), potassium car-
bonate and distilled water supplied by BDH-Fluke company, thiosul-
phate, starch, iodine, meloxicam (MLX) 4-hydroxy-2-methyl-N-(5-
methyl2-thiazolyl)-2H-1.2-benzothiazine-3-carboxamide-1,1-dioxide 

(Fig. 1) were supplied from Sammara drug company, Iraq. All sol-
vents and reactants were at analytical grade. 
 Synthesized activated carbon (SAC), a new type of charcoal, was 
prepared using pine cone by cutting them, washing several times, 
drying under atmosphere air, and then, drying using oven at a tem-
perature of 105–110C for 48 hours, then, carry out the initial car-
bonization process by heating the powder at temperature of 450C 
for 1:15 hour, then, the charcoal is cooled at room temperature, 
and for the purpose of performing the final carbonization, it is 
heated the charcoal powder using muffle furnace after mixing it 
with (K2CO3) in ratio of (1:1) by weight of (K2CO3:charcoal) to a de-
gree of temperature of 750C for one hour. Then, the mixture was 
cooled and washed with distilled water several times until the pH of 

 

Fig. 1. Structural formula of meloxicam. 
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the washing water was equal to 7. Then, it was treated with a solu-
tion of 5% hydrochloric acid and heated for two hours. Then, it is 
cooled to laboratory temperature and washed until the acidity of the 
wash water reaches7. The prepared activated charcoal was dried 
well, then, mechanically crushed, and molecular sieves were used to 
isolate it and preserved in sealed containers for subsequent study. 

2.3. Adsorption 

Many factors may be affected on the adsorption efficiency and ad-
sorption capacity like the amount of activated carbon, initial con-
centration of MLX, contact time, temperature and pH were studied 
to investigate the optimum condition of these parameters. 
Determination of the Iodine Number of SAC. The adsorption of io-
dine was reported in a simplest test for determination of surface ar-
ea of a synthesized activated carbon (SAC), which correlated to the 
volume of pores. Iodine number was considered as the amount of io-
dine solution per 0.25 mg of activated carbon placed in 250 mL of 
conical flask, then, added 5 mL of cone HCl and boiling for 30 sec. 
After cooled, the sowing 25 mL of iodine solution (0.1 N) were add-
ed and shaken for 10 min. The suppurated was filtrated; 5 mL of 
filtrate was calibrated with sodium thiosulphate (0.1 N) using addi-
tion of two drops of starch. Iodine number (1. N) was calculated as 

 
 1 2 2

5 10 1.2 126.93C C V D
IN

m


 , (7) 

where C1 [moleL
1] refers to the concentration of standard iodine 

solution; C2 [moleL
1] represents the concentration; V2 [mL] volume 

of burette; m [gm] weight of coal; D is the correction factor. 

2.4. Determination of the Amount of Adsorbent 

Both the adsorption efficiency and capacity are used to express the 
amount of the adsorbed substance, by estimating the remaining 
amount of the substance in the solution. Since the drug that was 
studied is not coloured, the spectroscopic method in the (UV) re-
gion, which falls in the lower range 362 nm, was calculated. The 
amount of adsorbed material is determined by the difference be-
tween the initial concentration and the remaining concentration in 
the solution. The calibration curve was adopted to find these con-
centrations. The adsorbed material, adsorption efficiency, and ad-
sorption capacity were found using Eq. (8), (9): 

 AbCl, (8) 



148 Lubna A. AL-SIQILLEE and Noha Mohammad YAHYA 

 ( )e i e Lq C C V m  , (9) 

  Adsorption [%] ( ) 100i e iС C C   , (10) 

where A represents the absorption,  is the absorption coefficient, b 
is length of the light path for visible rays, C is the concentration, l 
represents the cell width (l1 cm), Ci represents the initial concen-
tration, Ce represents the remaining concentration, (CeCi) repre-
sents the adsorbed concentration, which is symbolized by Cads, while 
qe represents the adsorption capacity, as for Vl is the volume of the 
drug solution in [litres], and m is the weight of the adsorbed mate-
rial [g]. All concentrations are in [mg/L]. 

2.5. The Use of the Batch Method 

All studies have been completed on the influence of factors on the 
adsorption process and its kinetic studies, which include applying 
the study in a one-shot method by changing some variables and fix-
ing others, as follows. 
 Solutions of different concentrations of the drug were prepared 
in tightly sealed conical glass flasks under the same conditions. 
Then, quantities of adsorbent material prepared activated carbon 
were added to it, and it was shaken continuously at specific times 
and at a rate of shaking (100 revolutions/minute) using a water 
bath shaker after with temperature controller [19]. 

3. RESULTS AND DISCUSSION 

3.1. Adsorbent Material 

The surface of the material was characterized using an experi-
mental study with Debye–Scherrer Eq. (11) [20]: 

 Dk/(cos), (11) 

where D—the size of minutes in aggregate unit, k—Debye’s con-
stant equal to 0.94, —the total wavelength of 1.5406 Å copper, 
—the total width at the maximum opening of the apex. The full 
width at half-maximum FWHM is measured in the degree unit 
[deg.] and converted to the unit [rad]), as the FWHM value is set 
by /180, and  is the diffraction angle in [deg.] (Fig. 2). 
 The x-ray spectrum notes the presence of several bands, each 
band indicating a specific phase. The bands located at the location 
(223) and (243) belong to the (100) and (002) phases, re-
spectively, which confirm the natural porous structure of activated 
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carbon. In addition, the presence of this broad band in the spectrum 
of activated carbon indicates that the carbon has a high surface ar-
ea, and these results were consistent with the values of the surface 
area and the microscopic image of the scanning electron device, 
which showed that activated carbon possesses structural porosity 
[21]. 
 From the high-field scanning electron microscope images shown 
at different magnification powers, the carbon surface has porous as 
it contained a large number of pores in different shapes and sizes. 
It was also noted that there were white crystals on the surface of 
the activated carbon, which play an essential role in the process of 
removing pollutants from the liquid phase, as shown in Fig. 3. 

3.2. Determine the Maximum Wavelength and Calibration Curve 

The maximum wavelength max was determined at the highest ab-
sorption of the solution prepared from the drug under study, by re-
cording the absorption spectrum of the drug solution with an ap-
propriate concentration, through which the highest wavelength of 
the drug solution was determined. Different concentrations of drug 
solution were prepared from stock solution 1000 ppm, then, the ab-
sorption of the solution at those concentrations was detected to plot 
the relationship between the absorption with the corresponding con-
centrations by applying the Beer–Lambert law. It was found that 
the max value of MLX is of 362 nm, as shown in Fig. 4. 

3.3. The Effect of Adsorbent Weight 

This study was conducted for a series of solutions of 25 mL with 
concentrations of the drug meloxicam at 35 ppm with different 

 

Fig. 2. X-ray diffraction (XRD) spectrum of prepared activated charcoal. 
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weights of activated charcoal prepared to obtain the required remov-
al ranging from 0.01 g to 0.12 g. After shaking these solutions for a 
period of 60 minutes, the solutions were separated and the absorp-
tion was measured and calculated. The concentrations of the remain-
ing materials were then estimated, and the adsorption capacity and 
percentage of adsorption were estimated based on Eq. (1) and Eq. 
(2), respectively. Studying the effect of the amount of adsorbent ma-
terial is considered very important because it has a significant im-
pact on the adsorption process, and those weights mentioned were 
adopted in our current study [22], as in the following Table 1. 
 The adsorption capacity decreases with an increase in the weight 
of the adsorbent, accompanied by an increase in the percentage of 

  
a 

 
b 

Fig. 3. a—SEM; b—XRD shapes of the surface of prepared carbon (SAC). 

 

Fig. 4. Calibration curve for the MLX. 
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adsorption. This can be explained by the fact that increasing the 
amount of adsorbent increases the number of empty effective ad-
sorption sites [23], which leads to a decrease in the adsorption ca-
pacity when a specific number of drug molecules are adsorbed using 
fixed concentrations of meloxicam, and at the same time the per-
centage of adsorption increases. With the increase in the amount of 
adsorbent material, this is due to the easily attachment between the 
drug molecules and the sites eligible for adsorption on the surface 
of the adsorbent material. 

3.4. The Effect of Initial Concentration 

The results obtained with studying the effect of the initial concen-

TABLE 1. Effect of the amount of adsorbent in the efficiency and capacity 
of adsorption for 60 min. at 25C; shaking speed of 100 rpm; a concentra-
tion of 35 ppm of 25 mL of MLX drug solution. 

Type of adsorbent Ci, mg/L 
Quantity of 
adsorbent, g 

Ce, mg/L % qe, mg/L 

SAC 35 

0.01 21.467 38.665 33.832 

0.02 20.405 41.699 18.243 

0.04 13.320 61.941 13.549 

0.06 9.131 73.910 10.778 

0.08 6.833 80.474 8.801 

0.1 4.305 87.699 7.673 

0.12 2.278 93.491 6.817 

TABLE 2. The effect of concentration in the efficiency and capacity of ad-
sorption for 60 min.; the amount of adsorbent is of 0.12 g at 25C; shak-
ing speed of 100 rpm of 25 mL of MLX solution. 

Type of adsorbent Ci, mg/L Ce, mg/L % qe, mg/g 

SAC 

15 0.424 97.168 3.036 

20 0.965 95.173 3.965 

25 1.312 94.749 4.934 

30 2.007 93.307 5.831 

35 2.277 93.491 6.817 

40 4.729 88.175 7.347 

45 6.196 86.229 8.083 

50 7.760 84.478 8.798 

55 9.961 81.888 9.383 
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tration are shown in Table 2. 
 The results in Table 2 is a sequential adsorption reduction with 
increasing concentration and for all adsorbed materials, because in-
creasing concentrations at the beginning of adsorption lead to an 
increase in the number of available molecules over time as they 
compete among molecule by molecule in association to achieve dis-
tinction of sites, and the continuity remaining on the surface of the 
adsorbent was with a constant quantity that is likely to be used 
with increasing the concentration leading to the occurrence of a 
larger amount of adsorbent in the solutions. Thus, an increase in 
the remaining amount in the solutions is greater with increasing 
concentrations in working on an effective rate of adsorption (an ef-
fective rate of adsorption), while the safety of adsorption increases 
with increasing concentrations due to the increase in concentra-
tions. In the adsorbent material, small quantities are recorded [24]. 

3.5. Effect of Contact Time 

The effects of contact time shown in Table 3. 
 These results obtained in the Table 3 regarding the effect of con-
tact time indicate that the adsorption process in the beginning, 
from the first minutes, is very fast, and then it begins to slow 
down gradually until the adsorption is reached to a state of equilib-
rium, since the adsorption process takes place after the equilibrium 
occurs, it remains approximately constant, since the adsorption pro-
cess reaches the speed, at which the molecules of the adsorbent 
(drug) bond to the surface of the adsorbent, equal to the speed of 
the return of other molecules from the adsorbent surface to the so-
lution. This is called as the state of equilibrium. It has been found 

TABLE 3. Effect of contact time in the efficiency and capacity of adsorp-
tion at 25C; the amount of charcoal prepared of 0.12 g; an initial concen-
tration of 35 ppm for MLX solution. 

Type of adsorbent Time, min. Ce, mg/L % qt, mg/g 

SAC 

10 8.977 74.351 5.421 

20 8.745 75.013 5.469 

30 7.568 78.378 5.715 

40 5.927 83.066 6.056 

50 4.730 86.486 6.306 

60 2.277 93.491 6.817 

70 2.239 93.601 6.825 

80 2.239 93.601 6.825 
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that all materials under study have reached to equilibrium in a time 
ranging between 60–70 min.; this variation in the speed of adsorp-
tion occurs due to the abundance of empty active sites that are 
found on the surface of the adsorbent material, which qualifies it to 
bind to the adsorbent material at the beginning of the adsorption 
process, in addition to the fact that the concentration of the adsor-
bent material at the beginning of adsorption is high, which easily 
accomplishes the process of transferring the molecules of the adsor-
bent material (meloxicam) to the surface of the adsorbent material 
(SAC), and with the passage of time it will decrease at the effective 
eligible sites for adsorption, and with it, the competition between 
the drug molecules to bind to these eligible sites will increase, re-
sulting in a decrease in the acceleration of the adsorption process 
until the system reaches a state of equilibrium [25]. 

3.6. Effect of Temperature 

The effect of temperature on the adsorption of drugs adsorbed on 
the surface of activated charcoal was studied over a specific range 
of temperatures ranging from 288–338 K, as the effect of tempera-
ture is considered one of the important studies for calculating the 
thermodynamic functions S0, H0, and G0. This study was con-
ducted at fixed concentrations of the drug and fixing all other vari-
ables, including the amount of adsorbent and the natural acid value 
of meloxicam, and using a fixed volume of the drug solution 25 mL 
and a constant shaking speed of 100 revolutions/minute. Table 4 
shows the results obtained. 
 According to the results listed in Table 4, an increase in tempera-
ture leads to a decrease in the adsorption efficiency (percentage) 
and the adsorption capacity in all materials under study. This 
means that increasing the temperature will lead to an increase in 
the process of the return of the molecules of the adsorbed material 

TABLE 4. Effect of temperature in the efficiency and capacity of adsorp-
tion using the amount of adsorbent 0.12 g; an initial concentration of 35 
ppm; a time of 70 minutes. 

Type of adsorbent Temperature, K Ce, mg/L % qe, mg/g 

SAC 

288 1.428 95.918 6.994 

298 2.239 93.601 6.825 

308 3.861 88.968 6.487 

318 5.250 84.997 6.197 

328 7.297 79.150 5.771 

338 8.146 76.723 5.594 
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from the surface of the adsorbent to the solution. This is as a result 
of the breaking of the bonding forces between the adsorbent materi-
al and the adsorbent surface, and this indicates that the adsorption 
process is heat-emitting, which clearly indicates the physical nature 
of adsorption in the carefully studied system, and that this state-
ment is completely consistent with the rule of Chatelier [26]. 

3.7. pH Effect 

The results obtained of studying the effect of acid function are 
shown in Table 5. 
 The natural acid function of drugs is shown with the symbol (*), 
which is indicated on the number of the natural acid function for 
each drug shown, and from Table 5. It has been observed that the 
adsorption efficiency and adsorption capacity decrease clearly when 
moving with the acid function from the acidic medium to the neu-
tral medium and then the basic medium. It is concluded that the 
process adsorption may occur in acidic and basic functions. It is 
known that the surface of activated carbon is dominated by a nega-
tive charge and a small amount of positive charge. In the acidic 
medium, the proton atoms dominate the solution, which is equiva-
lent to the positive charge on the surface. However, in the basic 
medium, it is dominated by the negative charge, as these charges 
are equivalent to the positive charge in the drug compound, thus 
hindering its movement. It reduces the adsorption efficiency [27]. 

3.8. Calculating Thermodynamic Parameters 

Thermodynamic functions are among the important variables that 
give a distinct interpretation when studying the adsorption process. 

TABLE 5. Effect of acid function in the efficiency and capacity of adsorp-
tion at a time of 70 min.; an initial concentration of 35 ppm at 25C; the 
amount of adsorbent material is of 0.12 g; a shaking speed of 100 rpm of 
25 mL of MLX solution. 

Type of adsorbent pH Ce, mg/L Cads, mg/L % qe, mg/g 

SAC 

13 1.525 33.474 95.642 6.973 

12* 2.239 32.760 93.601 6.825 

11 3.513 31.486 89.961 6.559 

10 4.710 30.289 86.541 6.310 

9 5.463 29.536 84.390 6.153 

8 6.911 28.088 80.253 5.851 
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They explain the nature of the system studied, as well as the type 
of forces that control it and the course of the adsorption process. In 
addition, they can give an idea of the type of molecular interactions 
that can occur during the adsorption process, which have a major 
role in determining its competence. The heat of adsorption can be 
found from the Van’t Hoff equation, which represents the relation-
ship between temperature and the equilibrium constant: 

 KcK0e
H/RT, (12) 

where H represents the heat of adsorption, K represents the equi-
librium constant for adsorption, while K0 represents a constant val-
ue. 
 Taking ln for both sides, we get the following form: 

 lnKclnK0{–H/(RT)}, (13) 

 The value of H can be found by drawing the relationship be-
tween lnK versus the reciprocal of temperature 1/T, which gives a 
straight line with a slope equal to (H/R), and by knowing the 
value of the equilibrium constant for adsorption, which can be 
found from the ratio between concentration of the adsorbed materi-
al remaining in the solution: 

 KcCads[mg/L]/Ce[mg/L]. (14) 

 It is possible to find the value of H and then find the other 
thermodynamic functions S0, G0 through the following equations: 

 G0RTlnKc, (15) 

 G0HTS0, (16) 

 S0(HG0)/T. (17) 

 The value of G0 represents the change in the standard free ener-
gy at any stage of adsorption, while G0 represents the zero value 
and the free energy, when the equilibrium process is constant. 
Therefore, the value of S0 was found, which represents the state of 
the system at any stage of adsorption stages [28]. 
 As for the figure that represents the linear relationship resulting 
from plotting lnK versus 1/T by applying the Van’t Hoff Eq. (12), 
it is shown in Fig. 5 and Table 6. 
 The values of the equilibrium constants Kc decrease with increas-
ing temperature for a single drug, which agrees with what was pre-
viously found, as the efficiency of adsorption decreases with in-
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creasing temperature, which indicates that the forces responsible 
for the adsorption process are physical forces, as the increase in 
temperature leads to its breakdown. Then, the adsorbed molecules 
return to the solution. 
 The value of the enthalpy change H that was calculated over a 
range of temperatures, in which Van’t Hoff assumed that the value 
of (H) is constant over a certain range of temperatures, was all of 
a negative sign, which indicates that the adsorption process is heat 
emitting. While their values indicate the type and nature of the 
forces responsible for the adsorption process, they are of a physical 
nature, as all their obtained values are less than 40 kJmole

1, 
which is within the energy range of physical bonds [25]. Most of the 
forces in which drugs bind to the adsorbent surface (carbon) are of 
the type of hydrogen bonding forces, whose energy ranges 5–15 
kJ/mole. 
 The negative values of S0 give an indication of the state of 
regularity in the system studied. What is worth noting is that the 
strength of the interference and the preference for adsorption to 
occur over extortion and the fact that its values are within a cer-
tain range and are close at all temperatures, this supports that the 
system is of a physical nature, and that the role of entropy change 

 

Fig. 5. The relationship between lnKc versus 1/T to calculate the thermo-
dynamic functions for drug adsorption. 

TABLE 6. Equilibrium constants and thermodynamic functions at equilib-
rium. 

Type of 

adsorbent 
Temperature, 

K 
Kc G, kJmole

1 H, kJmole
1 S, Jmole

1K
1 

SAC 

288 23.5 7.559 

33.090 

88.605 

298 14.629 6.647 88.735 

308 8.065 5.345 90.081 

318 5.665 4.585 89.638 

328 3.796 3.637 89.794 

338 3.296 3.351 87.984 



STUDY OF MELOXICAM ADSORPTION ON PREPARED ACTIVATED NANOCARBON 157 

is limited. In influencing the progress of the adsorption process, 
these results are supported by the values of the change in free en-
ergy S0, as their values indicate a decrease in the spontaneity of 
adsorption with the increase in temperature. 

3.9. ADSORPTION ISOTHERMS 

3.9.1. Freundlich Isotherm 

When applying Eq. (1) for this isotherm to the practical data for 
adsorption, by drawing the graphical relationship between logqe ver-
sus logCe, and through it, the values of the Freundlich constants Kf, 
n were calculated from the slope n and the cross-section Kf of the 
straight line in order, as shown in Fig. 6 and Table 7. 
 As observed, the results listed in Table 7 showed that the Freun-
dlich isotherm equation applied to the data for the adsorption sys-
tem was fitted based on the data of correlation coefficient value 
R20.9968, so that isotherm Freundlich is more applicable to de-
scribe the adsorption of MLX. Therefore, the adsorption followed a 
multilayer model as a heterogeneous surface indicated by n value of 
3.203, which is between 1 and 10. Moreover, the adsorption process 
is higher than desorption process for the value of Kf, which has a 
relationship with the adsorption coupling, with energy value and a 
factor that depends on the nature of both the adsorbent and the ad-
sorbent [30]. 

 

Fig. 6. Application of Freundlich isotherm to practical data for adsorption 
of the studied drug. 

TABLE 7. Freundlich constants KF, n and correlation coefficient R2 ob-
tained by applying them to practical adsorption data. 

R2 Kf n Drug Type of adsorbent 
0.9968 4.589 3.203 meloxicam SAC 
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3.9.2. Langmuir Isotherm 

This isotherm is the most common and applied to practical adsorp-
tion data. Through it, information is obtained that shows the extent 
of the ability of the adsorbent material to absorb molecules of the 
adsorbent material, which is represented by the maximum theoreti-
cal adsorption capacity Qmax [mg/g], which is supposed to be in the 
form of a single layer on the surface. The strength of its connection 
is also expressed by the Langmuir constant KL [L/mg]. 
 The practical results of the adsorption of the drugs, which were 
chosen to complete this study, were applied to the surface of the 
adsorbent materials at equilibrium using the mathematical equation 
of the Langmuir isotherm, Eq. (2), by drawing the graphical rela-
tionship between Ce/qe versus Ce, and the Langmuir constants Qmax 
and KL were calculated from the slope and cross-section of that 
straight line, as shown in Fig. 7 and Table 8. 

3.10. KINETICS STUDY 

3.10.1. Pseudo-First Order Equation 

The pseudo-first order equation model, Eq. (3), was applied by 
drawing the relationship between ln(qeqt) versus t (the time per 
minute) to obtain a linear relationship with the magnitude of its 
slope k1 and its intercept lnqe and through it, values of qe and k1 can 
be found. The shape and results obtained are shown in Fig. 8 and 

 

Fig. 7. Application of the Langmuir isotherm to experimental drug adsorp-
tion data. 

TABLE 8. Langmuir constants b, Qmax and the correlation coefficient R2 
obtained by applying them to practical adsorption data. 

R2 KL, L/mg Qmax, mg/g Drug Type of adsorbent 

0.9915 0.691 10.395 meloxicam SAC 
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listed in Table 9. 

3.10.2. Pseudo-Second Order Equation 

When applying the pseudo-second order model to practical adsorp-
tion data by plotting the relationship between t/qt versus time t as 
Eq. (4), it is also possible to use the adsorption rate constant k2 to 
find the value of the initial pseudo-second-order adsorption speed h 
through Eq. (5). The shape and results obtained are shown in Fig. 9 
and listed in Table 10. 

3.10.3. Intraparticle Diffusion Model 

The intraparticle diffusion model was applied to the practical data 
for adsorption by applying Eq. (6) by plotting the relationship be-
tween the value of qt versus the square root of time. The value of C 
gives evidence of the thickness of the outer layer of the solution 
boundaries and its effect, as a high value of C indicates this class as 
having a greater influence. The shape and results obtained are 
shown in Fig. 10 and listed in Table 11. 
 According to the results presented in Table 11 and from the 
shapes shown in Fig. 10, the implicit molecular diffusion mecha-
nism will be the only mechanism that guides the adsorption process, 
only when the relationship between qt versus t1/2 is blinded by a 
straight line passing through the original point, and since this does 
not happen, it is inferred that the process of implicit molecular dif-
fusion plays an important role in the process of removing the drug 

 

Fig. 8. Pseudo-first order model to experimental drug adsorption data. 

TABLE 9. Practical and theoretical pseudo-first-order rate constants, ad-
sorption capacity, and the correlation coefficient obtained by applying 
them to practical adsorption data. 

R2 K1, min.
1

 qe(calc.), mg/g qe(exp), mg/g Drug Type of adsorbent 

0.9181 0.0258 2.077 6.825 meloxicam SAC 
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from its aqueous solutions using activated carbon. 
 With the experimental results, it suggested that not the only 
mechanism controlling the drug adsorption as shown previously. 
The results listed in Table 11 have shown that an increase in drug 
concentration leads to increase, in the force for adsorption, in the 

 

Fig. 9. Application of the pseudo-second order model to experimental drug 
adsorption data. 

TABLE 10. Rate constant of practical and theoretical pseudo-second order 
adsorption capacity and correlation coefficient obtained by applying them 
to practical adsorption data. 

Type 
of adsorbent 

Drug 
qe(exp), 
mg/g 

qe(calc.), 
mg/g 

K2, 
gmg1min.

1 
h, 

mgg
1min

1 
R2 

SAC meloxicam 6.825 7.358 0.0206 0.962 0.994 

 

Fig. 10. Application of the intraparticle molecular diffusion model to prac-
tical drug adsorption data. 

TABLE 11. Intramolecular diffusion constants and correlation coefficient 
obtained from their application to practical adsorption data. 

R2 C, mgg
1 Kdiff, mgg

1min
1/2 Ci, mg/L Drug 

Type 
of adsorbent 

0.949 3.9231 0.3427 35 meloxicam SAC 
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drug diffusion rate Kdiff. It has been observed that increasing of the 
drug concentration leads to an increase in the thickness of the 
boundary layer between the carbon surface and the drug molecules 
[31]. 

4. CONCLUSIONS 

As concluded, a novel activated nanocarbon was prepared from 
pinecone and then characterized. The nanoparticles of activated 
carbon were applied to study the adsorption of MLX from its aque-
ous solution. The optimum condition of the adsorption process was 
evaluated, such as the amount of adsorbent in SAC of 0.12 g with 
the initial concentration of MLX of 15–35 mg/L for 60 minutes of 
contact time at equilibrium for alkaline medium at 288–338 K, and 
the adsorption was found to be an exothermic process. The experi-
mental process of adsorption was evaluated using the Langmuir and 
Freundlich isotherms to detect the type of adsorption. Based on the 
correlation (R20.996), the Freundlich model has a significant pat-
tern compared to other models, which were fitted to the experi-
mental data. Hence, the adsorption process is suggested to be a het-
erogeneous, multilayer process. Kinetically, the adsorption process 
is followed by a pseudo-second-order reaction. 
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