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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 nm?. The iodine number of 1147 mg/g ' 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 R?=0.9968 values compared to Langmuir’s
R?2=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 (AG®) and the low value of the entropy af-
ter the adsorption process (negative AS°®). Moreover, the type of adsorption
refers to physical absorption (AH =-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.

IIe mocuimsxkeHHA BKJIIOUAJO NPUTOTYBAaHHA aKTUBOBAHOTO HAHOBYIJIEIIO 3
BUKOPUCTAHHAM COCHOBUX IIHIIOK, OTPMMAHUX 3 JicHumIITBA mMicra Mocyu,
Ipak. IligroromjyeHe ByTrijiA cmocTepirajocd y BUIJIAAI HAHOYACTUHOK 3
poamipom uacTuHOK y 16,08 HM, BUMipaHUM 3a JOIIOMOTOI0 CKaHYBaJbHOTO
€JIEKTPOHHOTO MiKpoOcKoma, Ta IJIoIelo moBepxHi 3a Bpynepom, EmmeTom i
Tennepom (BET-teopieio) y 1,9719 um?. Takox 6ynu ouiHeHi fiogHe umcio
1147 mr/r! Ta cmekTep peHTreHiBCHKOI AMGpPAaKIil IiATOTOBIEHOrO aKTHBO-
BAHOTI'O BYTiJIsg. AJcopOIil0o MeJOKCHKAaMy Ha IIiArOTOBJIEHOMY aKTHBOBa-
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HOMY BYTiJIJIi BUBUAJIW y BOAHUX PO3UMHAX. Byjam sacTocoBaHi izoTepmu 3a
Dpetinaaixom i Jleurmioopom; PpelHAIiIXiB MoAeab OYB OilbINT peJeBaHTHUM
IS TPAaKTUYHUX OAaHUX CTOCOBHO JOCJHiMKYBaHOI CHUCTEeMU 3aBAAKH 3HAU-
HEM pe3yJbTaTaM i3 BHMCOKMMM 3HaueHHAMH R2=0,9968 mopiBHAHO 3
R?=0,9915 za Jlearmiopom. TepmonuHaMiuHe mociaimxeHHA amcopOIii B pi-
BHOBA3i MOKasaJyio, 110 Ipoliec aacopOIrii € CIIOHTAHHMM, Ha M0 BKas3ye He-
raruBHe 3HavYeHHs I166coBoi BinpHOI eHeprii (AG®) Ta HU3bKe SHAUEHHS €H-
Tpomii micia mporecy azcopbiii (meratusae AS®). Binwie Toro, THI amcop-
61ii BimHOCHUTBCS mO (pismunoi abcopodiii (AH =-33,090 x/l:x%/M0b) uepes
CUIY, AKa KOHTPOJIOE 3B’fA30K MijK IIperapaToM i IIOBEepPXHEIO BYTJIEIIO, IO
BKasye Ha Te, IO aAcopOIlid € IpollecoM BUAIJIEHHA Telja. Byia moci-
JI'KeHa IICEBIOIEPINOro MOPAAKY, ICEBAOAPYTOT0 IMOPAAKY Ta BHYTPIIIHBO-
YaCTUHKOBA MOJIeKyJasaApHa audysia. KiHeTuuHi pesyibTaTu IMOKAa3yIOTh, IO
mpoliec azcop6irii B piBHOBa3i BigmoBimae piBHAHHIO peakIlii mceBIOAPYroro
MOPAAKY, X0Ua B3aEMOMiA Ta MOJEKYJIApHA Iudysid € He eIUHUMHU MeXaHi-
3MaMH, IO JOMiHYIOTH Yy IIpoIleci amcopoOiIrii.

Key words: pinecone, nanocarbon, surface area, Freundlich and Langmuir
isotherms, adsorption, meloxicam, activated carbon.
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naixoBi Ta JleHrmiopoBi isorepmm, azcopOIlisi, MeJOKCHKaM, aKTHBOBAHE
ByTijId.
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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 ng/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 R?, 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:

logq, =logK;+ n'logC,, (1)

where K; and n represent Freundlich isotherm constants, the value
of g, represents the amount of adsorbed material per gram of adsor-
bent, which is known as the adsorption capacity (at equilibrium)
(mg/g), while C, represents the concentration of the remaining ma-
terial, which is the non-adsorbed at equilibrium (mg/L). When
drawing the relationship between logq, versus logC,, 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 logK,,
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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/Quax + Co/ (bQs)s (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 @,,,, represents the maximum theoreti-
cal capacity for adsorption of the adsorbent material (milligrams of
adsorbent per gram of adsorbent material), while the values of C,
and ¢, 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 - klt' (3)

In order for this model to apply to practical data for adsorption,
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by plotting the relationship between In(q,— q,) versus time ¢, 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/q.=1/{kx(q.)*} + (1/q.)t. (4)

In order for this model to apply to practical adsorption data, by
plotting the relationship between t/q, versus time ¢, 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 k, to find the value of
the initial pseudo-second-order adsorption speed (%) through Eq. (5):

h = kZ(Qecal.)z' (5)

The overall rate of adsorption will be determined by the slowest
step, which may be diffusion from the outer boundaries of the lig-
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]:

q:= Kdifftl/z +C; (6)
K, (mg-g'min "?) represents the velocity rate constant for implic-
it molecular diffusion, while C (mg-g™') is the value of the cross-
section, and the value of K,; 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 MIRA3BLMU 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 (K,CO;) in ratio of (1:1) by weight of (K,COs: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

H O N
O /]|:\>—CH3
NI O

S
2N
O/ \O

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 HCI 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

5(10C, - 1.2C,,)126.93D
m b

IN = (D

where C; [mole-L'] refers to the concentration of standard iodine
solution; C, [mole-L'] represents the concentration; V, [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, (3
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qe = (Cl - Ce)VL/m ’ (9)
Adsorption [%] = {(C, — C,)/C,} - 100, (10)

where A represents the absorption, ¢ is the absorption coefficient, b
is length of the light path for visible rays, C is the concentration, I
represents the cell width (I=1 cm), C; represents the initial concen-
tration, C, represents the remaining concentration, (C,— C,) repre-
sents the adsorbed concentration, which is symbolized by C,,, while
q, represents the adsorption capacity, as for V, 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 = E)L/(Bcosb), (11)

where D—the size of minutes in aggregate unit, k—Debye’s con-
stant equal to 0.94, A—the total wavelength of 1.5406 A copper,
p—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 0 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
(20 =23°) and (26 =43°) belong to the (100) and (002) phases, re-
spectively, which confirm the natural porous structure of activated
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Fig. 2. X-ray diffraction (XRD) spectrum of prepared activated charcoal.

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 A,,, 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 A, 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
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R? = 0,9997

Fig. 4. Calibration curve for the MLX.

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
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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.

Quantity of

Type of adsorbent| C;, mg/L B

Ce’ mg/L % qe’ mg/L

0.01 21.467 38.665 33.832
0.02 20.405 41.699 18.243
0.04 13.320 61.941 13.549
SAC 35 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 C,, mg/L | C,, mg/L | % q,, mg/g
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
SAC 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

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-
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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. C,, mg/L | % | q,, mg/g
10 8.977 74.351 5.421
20 8.745 75.013 5.469
30 7.568 78.378 5.715
SAC 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




STUDY OF MELOXICAM ADSORPTION ON PREPARED ACTIVATED NANOCARBON 153

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 AS°, AH?, and AG°. 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 C,, mg/L | % q,, mg/g
288 1.428 95.918 6.994
298 2.239 93.601 6.825
SAC 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 | C,, mg/L | Cus> mg/L | % | q,, mg/g
13 1.525 33.474 95.642 6.973
12" 2.239 32.760 93.601 6.825
SAC 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:

K,= K e /BT, (12)

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

InK, = InK,{-AH /(RT)}, (13)

The value of AH can be found by drawing the relationship be-
tween InK versus the reciprocal of temperature 1/7T, which gives a
straight line with a slope equal to (-AH/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 AH and then find the other
thermodynamic functions AS°, AG® through the following equations:

AG® = -RTInkK,, (15)
AG® = AH — TAS®, (16)
AS° = (AH - AGY)/T. (17

The value of AG® represents the change in the standard free ener-
gy at any stage of adsorption, while AG® represents the zero value
and the free energy, when the equilibrium process is constant.
Therefore, the value of AS° 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 InK 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 K, 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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Fig. 5. The relationship between InK, versus 1/T to calculate the thermo-
dynamic functions for drug adsorption.

TABLE 6. Equilibrium constants and thermodynamic functions at equilib-

rium.
[ ypeleiyfemperatunes K, | AG,kJ-mole |AH, kJ-mole!|AS, J-mole . K
adsorbent K J
288 23.5 -7.559 -88.605
298 14.629 -6.647 -88.735
308 8.065 -5.345 -90.081
SAC 318 5.665 —-4.585 ~33.090 -89.638
328 3.796 -3.637 -89.794
338 3.296 -3.351 -87.984

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 AH that was calculated over a
range of temperatures, in which Van’t Hoff assumed that the value
of (AH) 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™,
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
kd /mole.

The negative values of AS° 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
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is limited. In influencing the progress of the adsorption process,
these results are supported by the values of the change in free en-
ergy AS°, 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 logq, ver-
sus logC,, and through it, the values of the Freundlich constants K/,
n were calculated from the slope n and the cross-section K; 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
R?=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 K;, 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].

1.07
0.9
o
sy 0.87
—~ y=0.3122x + 0.6618
0.7 R? = 0.9968
0.6 | \ \
0 0.5 1 1.5
logC,

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

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

Type of adsorbent | Drug | n | kK, | R
SAC meloxicam 3.203 4.589 0.9968
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Fig. 7. Application of the Langmuir isotherm to experimental drug adsorp-
tion data.

TABLE 8. Langmuir constants b, @,,, and the correlation coefficient R?
obtained by applying them to practical adsorption data.

Type of adsorbent | Drug | Qua-mg/g | K, L/mg | R?
SAC meloxicam 10.395 0.691 0.9915

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 @,,., [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 K, [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 C,/q, versus C,, and the Langmuir constants @,,,,
and K; 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 In(q,—¢q,) versus t (the time per
minute) to obtain a linear relationship with the magnitude of its
slope &, and its intercept Ing, and through it, values of ¢, and &, can
be found. The shape and results obtained are shown in Fig. 8 and
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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.

Type of adsorbent| DrUg Qe(expp mg/gl Qe(calc.)’ mg/g |K1’ min-_l R2
SAC meloxicam  6.825 2.077 0.0258 0.9181

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 ¢/q, versus time t as
Eq. (4), it is also possible to use the adsorption rate constant &, 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 g, 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 ¢, versus t'/? 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
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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 Getexor> Getcale.)s KZ ’ h ’ 2
of adsorbent| LrUE mg/g mg/g |g-mgimin.”! |mg-g min? =
SAC meloxicam 6.825 7.358 0.0206 0.962 0.994
8_
y = 0.3427x + 3.9231
" R? = 0.949
~. 71
o5 [ ]
=
$ 6
5 T T 1
4 6 8 10
t1/2, min

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.

Type o Lmin—1/2 o1 2
of adsorbent Drug C, mg/L| K, mg-g -min C, mg-g R
SAC meloxicam 35 0.3427 3.9231 0.949

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
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drug diffusion rate K,;. 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 (R*=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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