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This study produces a new type of activated nanocarbon, using sawdust 
from woodworking shops in Mosul city, Iraq. The average particle size of 
this carbon produced is of 20–100 nm and is identified as nanocarbon. The 
drug chlorpheniramine is extracted from its aqueous solution. In this 
study, the Freundlich’s and Langmuir’s isotherms are used, where the 
Langmuir’s model fits better the actual data of the analyzed system. This 
is evidenced by the results of high R2 values of 0.9872 for Freundlich’s 
model and 0.9935 for Langmuir’s one. Thermodynamic analysis of equilib-
rium adsorption shows that it is a spontaneous process with negative G0 
values and results in a regular increase (negative S0 value) after the ad-
sorption process. In addition, physical adsorption forces (H16.452 
kJ/mol) determine the bonding between the drug and the carbon surface, 
and the adsorption process results in a heat release. The three kinetic mod-
els are pseudo-first-order, pseudo-second-order, and implicit molecular dif-
fusion. The results show that the equilibrium adsorption is followed by the 
pseudo-second-order reaction equation, and the adsorption process is gov-
erned by multiple mechanisms in addition to molecular-contact diffusion. 

У цьому дослідженні було одержано новий тип активованого нановугле-
цю з використанням тирси з деревообробних цехів міста Мосул (Ірак). 
Середній розмір частинок цього одержаного вуглецю становить 20–
100 нм і був ідентифікований як нановуглець. Препарат хлорфенірамін 
був екстраґований з його водного розчину. У цьому дослідженні вико-
ристовувалися Фройндлішова та Ленґмюрова ізотерми, де Ленґмюрів 
модель краще відповідає фактичним даним стосовно аналізованої систе-
ми. Про це свідчать результати високих значень R2: 0,9872 для Фройн-
длішового моделю та 0,9935 для Ленґмюрового моделю. Термодинаміч-
на аналіза рівноважної адсорбції показує, що це є спонтанний процес з 
неґативними значеннями G0 і приводить до реґулярного збільшення (із 
неґативним значенням S0) після процесу адсорбції. Крім того, фізичні 
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сили адсорбції (H16,452 кДж/моль) визначають зв'язок між препа-
ратом і поверхнею вуглецю, а процес адсорбції приводить до виділення 
тепла. Три кінетичні моделі були псевдопершого порядку, псевдодруго-
го порядку та неявною молекулярною дифузією. Результати показують, 
що рівноважна адсорбція відповідає рівнянню реакції псевдодругого 
порядку, а процес адсорбції реґулюється кількома додатковими механі-
змами, окрім молекулярної контактної дифузії. 

Key words: sawdust, nanocarbon, activated charcoal, eucalyptus trees, ad-
sorption kinetic. 

Ключові слова: тирса, нановуглець, активоване вугілля, евкаліпти, кі-
нетика адсорбції. 
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1. INTRODUCTION 

One of the biggest problems in the modern world is environmental 
pollution, which is becoming more and more common due to indus-
trial development and population growth. Industry is considered as 
one of the main sources of environmental pollution [1]. Chemical 
substances or their biodegradation products are pollutants, which 
affect aquatic ecology because they contain hazardous chemical 
groups [2]. However, besides its various uses in households, it is 
also vital for many economic impacts (e.g., agriculture) and also has 
an impact on biological life (e.g., water). One of the modern chal-
lenges and problems is the supply of drinking water to cities and 
other sectors. Rivers, lakes and groundwater can contribute. Due to 
the lack of water-treatment facilities, hospitals are forced to dis-
charge heavy water into the main sewage network, which eventually 
flows into rivers [3]. 
 The difficulty in treating these pollutants is that wastewater-
treatment plants are unable to remove, reuse or, otherwise, utilize 
them that creates many problems and increases the amount of pol-
lutants entering the river [4]. An antihistamine that enters into a 
river as a liquid pollutant is chlorpheniramine. Since it is one of the 
most prevalent environmental problems in the world, there is an 
urgent need to find a solution and solve it. Governments have be-
gun to formulate regulations and laws regarding the location of 
laboratories and the treatment of water before it is discharged into 
the environment. So, researchers in this field develop low-cost ad-
sorbent materials to combat various forms of pollution. Contami-
nated water and adsorbent materials can be treated by reactivating 
the materials, making them recyclable. Therefore, adsorption is one 
of the most direct methods to deal with pollution. 
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 The most famous isotherm model that can be successfully applied 
to single-component systems is the Freundlich’s equation. This 
model assumes that the surface of the adsorbent is not uniform due 
to the different energy levels of the adsorption sites, resulting in 
irregular potential energy on the surface. The value of the correla-
tion coefficient (R2) can be used to express the strength of the lin-
ear relationship and determine the extent, to which corresponding 
isotherm accurately represents the adsorption experimental data. 
This linear model can be expressed [5] as 

 logqelogKFn
1logCe, (1) 

where KF is the Freundlich’s isotherm constant, qe is an amount of 
adsorbed material per gram of adsorbent, which is known as the ad-
sorption capacity at equilibrium [mg/g], Ce is a concentration of the 
remaining material, which is non-adsorbed at equilibrium [mg/L]. 
 When plotting, the relationship between logqe and logCe gives a 
straight line with a slope of 1/n (as a measure of the strength of 
adsorption) and a cross section of logKF (as a function of the ad-
sorption capacity), while the value of n indicates the optimum value 
for achieving adsorption performance and the degree of non-
openness of the adsorption performance layer: if it is only between 
1–10, it means that the adsorption is good and is preferred, but, if 
n is less than 1, this adsorption is not preferred; when n1, this 
adsorption is linear, when n1, it is chemical adsorption, and when 
n1, it is physical adsorption [6]. 
 The model assumes that molecules are adsorbed at a certain num-
ber of openings (pores) on the surface of a certain weight of adsorb-
ent; these openings are energetically equivalent, each opening can 
only accommodate one adsorbed molecule, and the molecules ad-
sorbed on the adsorbent surface do not interact with each other. 
Nor do they react with other attacking molecules present in the so-
lution. Therefore, a monolayer of adsorbed molecules is formed on 
the adsorbent surface. According to the model, the adsorption phe-
nomenon is initially rapid and then reaches equilibrium after the 
relative speeds are equal, due to the rate, at which molecules attach 
to the adsorbent surface and then return to the solution [7]. Ac-
cording to this model, the amount of adsorbed material is propor-
tional to the part exposed to the adsorption phenomenon, while the 
number of returned particles is proportional to the part of the sur-
face covered. The model can be expressed by the linear Eq. (2) [8]: 

 Ce/qeb
1QmaxCe/Qmax, (2) 

where b is the constant of Langmuir’s isotherm, Qmax is maximum 
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theoretical adsorption capacity of the adsorbent material, Ce and qe 
are remaining concentration and adsorption capacity at equilibrium, 
respectively. 
 To obtain accurate information that explains the mechanism of 
adsorption and the kinetic forces affecting it, the following kinetic 
models were studied on the drug at issue. 
 Adsorption kinetics data were first described by Lagergren 
(1898), using a first-order equation, which is considered the first 
equation to describe adsorption rate based on capacity and has been 
used by many researchers since then. The first-order equation can 
be expressed as follows [9, 10]: 

 ln(qeqt)lnqek1t. (3) 

In order to apply this model to actual adsorption data, a linear rela-
tionship must be established by plotting ln(qeqt) versus time, and 
agreement must be achieved between the calculated and actual val-
ues of the adsorption capacity. 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 behaviour of adsorption along the time pe-
riod of adsorption. This is consistent with an adsorption mechanism 
that includes a step that determines 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 Eq. (4) [11]: 

 2

2

1
( )

e

t e

t t
q

q k q
  . (4) 

 In order to apply this model to practical adsorption data by plot-
ting the relationship between t/qt versus time t, it must give a lin-
ear relationship and a match must be obtained between the calcu-
lated and practical adsorption capacity value [12]. 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) [11]: 

 hk2(qe)
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 
on the active sites is assumed to be fast, and one of the important 
things that must be found and determined is the potential rate spe-
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cific to the adsorption mechanism. According to Morris–Weber 
[13], if the implicit molecular diffusion is the controlling factor de-
pending on the reaction rate, the process of removing adsorbed ma-
terials changes with the square root of time. As a result, it is possi-
ble to calculate the rate of adsorption by calculating the adsorption 
capacity of the adsorbent as a function of the square root of time, 
as the implicit molecular diffusion model can be represented [14, 
15] as 

 qtKdifft
1/2C, (6) 

where Kdiff [mg/gmin1/2] represents the rate constant for implicit 
molecular diffusion, while C [mg/g] is the value of the cross-
section, and the value of Kdiff can be found from the slope of the 
straight line. 
 The aim of the research is to produce activated carbon from 
available and inexpensive raw materials, estimate the adsorption 
capacity, determine the optimal conditions and study the adsorption 
kinetics and thermodynamics. 

2. EXPERIMENTAL METHOD 

2.1. Instruments 

Various procedures and equipment were utilized to assess the mate-
rials, including: a UV–visible spectrophotometer (Shimadzu Corpo-
ration of Japan manufactured this two-track instrument (model 
1800-UV)); sensitive electronic scale: model 200-CR, with four 
decimal places; drying oven used to dry the sawdust (model 3510); 
water bath shaker (model Bs-11, Jwrio Tech, made in S. Korea); 
centrifuge is used to separate samples (precipitates from solutions) 
and it is a German-made Hermle Z200A equipped by HERME 
LABORTECHNIK; SEM device (MIRA3LMU); thermal cracking de-
vice (pyrolysis) Silver Crust Type Household Grain Mill. 

2.2. Chemical Materials 

BDH-Fluka Company supplied all of the ingredients necessary, in-
cluding hydrochloric acid, ethanol, potassium hydroxide, and dis-
tilled water, to synthesize activated carbon. A novel sort of charcoal 
was made from pyrolysis of ground sawdust, washing them multiple 
times, drying them under open air, and then placing them in an 
electric oven at 105–110C for 48 hours. The initial carbonization 
process is carried out by heating the sawdust at 350C for two 
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hours, using a stainless steel bowl (thermal cracking device); then, 
the charcoal is cooled to room temperature and, for the final car-
bonization, heated as the charcoal powder, using a muffle furnace 
after mixing it with KOH in a ratio (KOHcoal) of (2.51) by weight 
to a degree of 550C for two hours. The mixture was then chilled 
and rinsed numerous times with distilled water until the pH 
reached 7. Then, it was immersed in a 10% hydrochloric acid solu-
tion and heated for two hours. Then, it is cooled to laboratory tem-
perature and washed until the acidity of the wash water equal 7. It 
was heated thermally, using a solution of 0.1 N of KOH to trans-
form it into charcoal with a basic character, and then, it was 
washed until the acidity of the washing water became9, because the 
drug under study has an acidic character, after which the prepared 
activated charcoal was well dried, mechanically crushed, and iso-
lated using molecular sieves before being preserved in sealed con-
tainers for further study. 

2.3. Adsorbent (Chlorpheniramine) 

TABLE 1. The drug used and some of its properties. 

max, nm Colour Structure Drug name 

265 white 

 

Chlorpheniramine 

2.4. Determination of the Amount of Adsorbent 

Both adsorption efficiency and capacity are used to express the 
amount of adsorbed substance by estimating the remaining amount 
in the solution. Because the drug under study was not coloured, the 
spectroscopic approach in the UV area, which is in the lower range 
(300 nm), was calculated. The amount of adsorbed material is de-
fined by the difference between the initial and remaining concentra-
tions in the solution. The calibration curve was used to determine 
these concentrations. The adsorbed material, adsorption efficiency, 
and adsorption capacity were determined using Eqs. (7)–(9): 
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 AbCl, (7) 

 i e
e L

C C
q V

m


 , (8) 

 Adsorption [%] 100%i e

i

C C

C


  . (9) 

Here, A is absorption,  is absorption coefficient, C is concentration, 
l is cell width (l1 cm), Ci is initial concentration, and Ce is the 
remaining concentration, while CeCi represents the adsorbed con-
centration, which is symbolized by Cads, and qe represents the ad-
sorption capacity for VL—the volume of the drug solution in litres 
and m—the weight of the adsorbed material [g] (all concentrations 
are in the units [mg/L] ppm). 

2.5. The Application of the Batch Method 

All research on the influence of components on the adsorption proc-
ess and its kinetic studies have been done, including using the 
study in a one-shot manner by altering certain variables and fixing 
others, as follow. 
 Drug solutions of varying strengths were made in hermetically 
sealed conical glass flasks under identical conditions. The adsorbent 
materials of commercial activated carbon and prepared activated 
carbon were then added to it, and it was shaken continuously at 
particular periods and rates (100 revolutions/minute), using a water 
bath vibrator after the temperature was adjusted. 

2.6. Maximum Wavelength and the Calibration Curve 

The highest wavelength (max) was determined by recording the ab-
sorption spectrum of the drug solution with an appropriate concen-

 

Fig. 1. Calibration curve for the drug theophylline [ppm]. 
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tration and reading the highest absorption value, then, making a 
solution of the medication at various concentrations, assessing its 
absorption at those concentrations, and establishing a link between 
the intensity of absorption and the concentrations, to which the 
Beer–Lambert law must apply. The medication has a max value of 
265 nm. 

3. RESULTS AND DISCUSSION 

3.1. Adsorbent Material 

To investigate the surface shape of the synthesized activated carbon 
(SAC), scanning electron microscopy (SEM) and x-ray diffraction 
(XRD) spectroscopy were used to assess the carbon model developed 
in this study, as shown in Fig. 2. 
 Scanning electron microscopy studies revealed a variance in the 

  
a      b 

 
c 

Fig. 2. a—SEM shapes of the prepared carbon (SAC) surfaces; b—statistics 
for the sizes of nanoparticles; c—XRD shapes of the prepared carbon 
(SAC) surfaces. 
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carbon nanoparticles’ sizes (Fig. 2, a) with all of them being aver-
age nanosize of 20–100 nm, as shown in Fig. 2, b. Figure 2, c rep-
resent XRD utilized to analyze the crystalline morphologies of the 
carbon surface. This analysis found two bands at the positions 
(2Theta): first pick is between 20–30 and the other between 42–
48. This indicates the fabrication of nanosize particles. 

3.2. The Effect of Adsorbent Weight 

The results were obtained, when studying the effect of the amount 
of adsorbent at 60 min, a temperature of 25C, a shaking speed of 
100 rpm, and a volume of the drug solution of 25 ml (Tables 2–4). 
 From Table 2, the increasing amount of adsorbent material in-
creases the rate of adsorption directly, while the adsorption capac-
ity, on the contrary, is decreased due to the increase in the number 
of active sites on the surface of the adsorbent material to bind the 

TABLE 2. Effect of the adsorbent on the efficiency and capacity of adsorp-
tion. 

qe, mg/g Adsorption, % Ce, mg/L 
Adsorbent 

material, gm 
Ci, mg/L Adsorbent  

117.695 39.231 72.922 0.01 

120 ppm SAC 
72.846 48.564 61.723 0.02 

45.763 61.017 46.779 0.04 

36.310 72.621 32.854 0.06 

30.049 80.132 23.841 0.08 

25.907 86.357 16.371 0.1 

TABLE 3. Effect of concentration on the efficiency and capacity of adsorp-
tion. 

qe, mg/g Adsorption, % Ce, mg/L Ci, mg/L Adsorbent 
.6..71 11...9 ..39. 67 

SAC 

.1.971 17.393 9.11. 17 

97.109 13..93 7..11 17 

99.60. 1..771 1.117 .77 

91.316 11.6.7 .9.1.9 ..7 

25.907 86.357 16.371 .97 

91.639 19.719 90.76. .17 

37.711 60.9.. 31.779 .77 

91.601 77..9. 77.119 .17 
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molecules of the material to be adsorbed, and this result is consis-
tent with previous results of Refs. [16–18]. Therefore, we will limit 
our study in this research to the use of prepared coal because it is 
available in large quantities and, in addition, it also gave results 
similar to commercial coal. 

3.3. The Effect of Initial Concentration 

The results from studying the effect of the initial concentration of 
adsorption are shown in Table 3. 
 Table 3 shows that, as concentration increases, adsorption capac-
ity does too, but adsorption efficiency (% of adsorption) declines. 
This could be attributed to the use of a defined amount of adsorbent 
with a specific number of active sites. It causes increased competi-
tion between drug molecules to bind to the active sites, resulting in 
a greater amount of the drug remaining in the solution after the 
equilibrium process, lowering adsorption efficiency, when calculated 
mathematically as the ratio of the amount of the adsorbed sub-
stance to the amount of the substance remaining in the solution. 

3.4. Effect of Contact Time 

Results were obtained, when studying the effect of time on the effi-
ciency and capacity of adsorption at 25C, the amount of charcoal 
prepared 0.08 gm, an initial concentration of 40 ppm, a shaking 
speed of 100 rpm, and a volume of the drug solution of 25 ml, as 
shown in Table 4. 
 The time effect data in this table demonstrate that the adsorption 
process is quite quick in the first few minutes and then gradually 
slows down until it reaches equilibrium, after that the adsorption 

TABLE 4. Effect of contact time on the efficiency and capacity of adsorp-
tion. 

qet, mg/g  Adsorption, % Ce, mg/L tim, min Adsorbent 
14.068 46.894 63.727 10 

SAC 

17.797 59.323 48.812 20 

21.030 70.101 35.878 30 

23.794 79.314 24.823 40 

25.203 84.012 19.185 50 

25.907 86.357 16.371 60 

26.093 86.978 15.626 70 

26.093 86.978 15.626 80 
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process is virtually constant [19]. The equilibrium state occurs, 
when the rate of binding of adsorbent (drug) molecules to the sur-
face of the adsorbent material equals the rate, at which other mole-
cules are released from the adsorbent surface into the solution. The 
study found that the substances studied reached a state of equilib-
rium between 70–80 minutes. This difference in adsorption rate oc-
curs due to the presence of a large number of empty active sites on 
the surface of the adsorbent material. At the beginning of the ad-
sorption process, they are suitable for binding to the adsorbent ma-
terial. In addition, the concentration of the adsorbent material is 
higher at the beginning of the adsorption that favours the process 
of movement of the adsorbent molecules to the surface of the ad-
sorbent. Over time, the number of adsorbents and the competition 
between the solution molecules for binding to these sites lead to a 
decrease in the rate of the adsorption process until the system 
reaches a state of equilibrium. 

3.5. Effect of Temperature 

The results obtained, when studying the effect of temperature, us-
ing the amount of adsorbent of 0.1 g, an initial concentration of 
120 ppm, a time of 70 minutes, a shaking speed of 100 rpm, and a 
volume of the drug solution of 25 ml, are shown in Tables 5–7. 
 The results of the temperature effect in Table 5 show that in-
creasing temperature leads to a decrease in the adsorption effi-
ciency [in percentage] and adsorption capacity because increasing 
temperature accelerates the recovery process of the adsorbed mole-
cules on the adsorbent surface into the solution (desorption) [20]. 
This is a result of the destruction of the binding forces between the 
adsorbent material and the adsorbent surface, indicating that the 
adsorption process is exothermic [21]. This indicates the physical 
nature of the adsorption in the system studied and it fully complies 
with the Le Chatelier's rule [19]. This is confirmed by the thermo-
dynamic studies discussed in the following sections. 

3.6. pH Effect 

Results obtained, when studying the effect of acid function, are 
shown in Table 6. From Table 6 resulting from the effect of the 
acid function, we noticed that the capacity and efficiency of adsorp-
tion decrease clearly, when moving with the acid function from the 
acidic medium to the neutral and then basic ones. As found, the ad-
sorption process occurs in different acidic functions and is least in 
the basic medium [22]. 
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3.7. Effect of Solvent 

Results obtained, when studying the effect of the solvent, are 
shown in Table 7. These results regarding the effect of the solvent 
indicate that the efficiency and capacity of adsorption decrease with 
an increase in the percentage of ethanol, which is a decrease in the 

TABLE 5. Effect of temperature on the efficiency and capacity of adsorp-
tion. 

Ke qe, mg/g Adsorption, % Ce, mg/L Temperature, K Adsorbent 
6.845 26.176 87.254 15.295 911 

SAC 
6.679 26.093 86.978 15.626 911 

5.719 25.535 85.117 17.859 371 

4.231 24.266 80.886 22.936 3.1 

3.168 22.804 76.013 28.784 391 

2.704 21.902 73.008 32.390 331 

TABLE 6. Effect of acid function on the efficiency and capacity of adsorp-

tion. 

qe, mg/g Adsorption, % Cads, mg/L Ce, mg/L pH Adsorbent  

27.607 92.023 110.428 9.572 2 

SAC 

26.687 88.958 106.75 13.250 3 

26.260 87.534 105.041 14.959 4 

26.093 86.978 104.374 15.626 5.4 

25.032 83.441 100.130 19.870 7 

23.019 76.732 92.079 27.921 9 

TABLE 7. Effect of solvent using ethanol on efficiency and capacity of 
adsorption, using natural acid function. 

qe, mg/g Adsorption, % Cads, mg/L Ce, mg/L WaterEthanol,% Adsorbent 
26.100 86.979 104.364 15.636 0:101 

SAC 

24.664 82.213 98.657 21.343 10:90 

22.503 75.011 90.014 29.986 20:80 

19.531 65.104 78.125 41.875 30:70 

15.253 50.845 61.014 58.986 40:60 

11.706 39.021 46.826 73.174 50:50 

7.927 26.424 31.709 88.291 60:40 

3.030 10.102 12.123 107.877 70:30 
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percentage of water compared to an increase in the percentage of 
ethanol in the mixture, which is a decrease in the dielectric con-
stant of the solvent, as it is known that water is the most valuable 
solvent with its dielectric constant, which is of 80 that is higher 
than for ethanol. Therefore, combining it with ethanol generates 
solvents with a lower dielectric constant [23]. As the dielectric con-
stant of the solvent increases, this one does the solute tendency to 
migrate to the surface of the adsorbent material, as opposed to mo-
lecular interactions of the solute–solute and solvent–solute types. 
As a result, we find that, as the solvent dielectric constant in-
creases, its adsorption efficiency so does too. 

3.8. Calculating of Thermodynamic Functions 

Thermodynamic functions are one of the most important variables 
to consider, when studying adsorption processes. They describe the 
characteristics of the system being studied as well as the factors, 
which influence that system and the course of the adsorption proc-
ess. In addition, they can reveal the type of molecular interactions, 
which may occur during the adsorption process and play an impor-
tant role in assessing its effectiveness. The heat of adsorption can 
be calculated using the van't Hoff equation, which shows the rela-
tionship between temperature and the equilibrium constant: 

 0

H

RT
e

K K e




 ; (10) 

here, H represents the heat of adsorption, Ke represents the equi-
librium constant for adsorption, and K0 represents a constant value. 
Taking ln for both sides, we get the following form: 
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H
K K
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
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 The value of H can be found by drawing the relationship be-
tween lnKe 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 concentrations of the adsorbed mate-
rial remaining in the solution: 

 
[mg/L]

[mg/L]

ads
e

e

C
K

C
 . (12) 

 It is possible to find the value of ∆H and then the other thermo-
dynamic functions S0, G0 through the following equations: 
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 G0–RTlnKe, (13) 

 G0HTS0, (14) 

 
0

0 H G
S

T

  
  . (15) 

The G value indicates the change in standard free energy at each 
stage of adsorption, while G0 represents the zero value and free 
energy, if the equilibrium process remains constant. The S0 value 
represents the system condition at each adsorption step [24, 25]. 
 In Figure 3, the practical data of the studied system at equilib-
rium are subject to the linear relationship between lnKe and 1/T 
using the van't Hoff Eq. (11), which is inferred through the values 
of the correlation coefficient (R2) for the straight line, and when 
looking at the values of the thermodynamic functions as well as the 
values of the equilibrium constants, which were clarified and listed 
in Table 8. It is noted, they are changed as follow. 
1. The values of the equilibrium constant Ke decrease with increas-
ing temperature for the drug that is consistent with that was found 
from studying the effect of temperature, namely, the efficiency of 
adsorption decreases with increasing temperature, indicating that 

  
T1 

Fig. 3. Thermodynamic functions for drug adsorption. 

TABLE 8. Equilibrium constants and thermodynamic functions at equilib-
rium. 

S0, Jmol
1K1 H, kJmol

1 G0, kJmol
1 Ke Temperature, K 

Adsorbent  
material 

1...30 

.7.102 

4.605 6.845 911 

SAC 

39.422 4.704 6.679 916 

38.918 4.465 5.719 371 

39.745 3.813 4.231 3.1 

40.573 3.144 3.168 391 

40.405 2.795 2.704 331 
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the forces responsible for the adsorption process are physical forces, 
as the increase in temperature leads to breakdown of them. Then, 
the adsorbed molecules return to the solution, and this statement is 
firmly supported by the value of H (16.452 kJmol

1). 
2. Enthalpy change H calculated was of a negative sign that indi-
cates that the adsorption process is heat emitting, while its values 
indicate that the forces responsible for the adsorption process are 
van der Waals forces, as the value obtained is less than 40 kJ/mol, 
which is within the energy range of physical bonds [26]. 
3. The negative values of S0 give an indication of the state of or-
der in the studied system, and its values are within the certain 
range and are close with each other (at all temperatures). This sup-
ports that the system is of a physical nature, and that the role of 
entropy change is limited. 
 These results are supported by the values of the change in free 
energy G0, as its values indicate a decrease in the spontaneity of 
adsorption with the increase in temperature. 

3.9. Adsorption Isotherms 

3.9.1. Freundlich’s Isotherm 

By applying Eq. (1) for this isotherm to the practical data for ad-
sorption, by drawing the graphical relationship between lnqe versus 
lnCe, and through it, the values of the Freundlich’s constants (KF, 
n) were calculated from the slope (n) and the cross-section (KF) of 
the straight line, as shown in Fig. 4. 
 The results listed in Table 9 indicate that the Freundlich’s iso-
therm equation applies to the practical data of the well-studied ad-
sorption system through the values of the correlation coefficient 
close to one. The values of n within the range between 1–10 also 
indicate that the adsorption system is of type preferably governed 
by physical forces [27, 28], and this is consistent with that shown 
by the values of H, while the values of KF are related to the ad-
sorption capacity, and its high values indicate the efficiency of ad-
sorption [29]. 

3.9.2. Langmuir’s Isotherm 

When applying Eq. (2) to this model by drawing the linear relation-
ship between Ce/qe versus Ce, it gives a slope equal to 1/Qmax and an 
intercept equal to b1Qmax [30], as shown in Fig. 5. 
 Figure 5 shows that excellent linear relationships were obtained 
through high correlation-coefficient value of 0.9935, and thus, a 
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conclusion can be made that the practical results of adsorption for 
the systems under study showed greater agreement with this iso-
therm in describing the adsorption process than their application to 
the Freundlich’s isotherm. 
 The value of the Langmuir’s constant b, which represents the 

 

Fig. 4. Application of Freundlich’s isotherm to practical data for adsorp-
tion of the studied drug. 

TABLE 9. Freundlich’s constants (KF, n) and correlation coefficient ob-
tained by applying them to practical adsorption data. 

n KF R2 

4.962 14.639 0.9872 

 

Fig. 5. Application of the Langmuir’s isotherm to experimental drug ad-
sorption data. 

TABLE 10. Values of the Langmuir’s constants (Qmax, b) and the correla-
tion coefficient. 

Qmax, mg/g b, L/mg R2 

27.247 1.344 0.9935 
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bond strength between the molecules of the adsorbed substance on 
the adsorbent surface, is small. This means that the bond strength 
is weak that indicates that the adsorption is physical, and this sup-
ports the value of H obtained from the thermodynamic study also 
noticing that the value of the maximum theoretical adsorption ca-
pacity (Qmax) does not depend on the nature of the adsorbent mate-
rial alone, but rather on other matters related to the nature of the 
adsorption system, including the nature of the adsorbed material 
and the aggregates associated with it, the surface area, the geomet-
ric shape, the method of its attachment to the adsorbed surface, as 
well as the interactions between the adsorbed molecules on the sur-
face and the attacking ones, to compete for the remaining sites and 
between them on the other hand [31]. 

4. KINETIC STUDY 

4.1. 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. 6 and listed in 
Table 11. 
 Comparing the practical or experimental adsorption capacity with 
their theoretical values, shown in Table 11, it was noted that these 

 

Fig. 6. Application of the pseudo-first order model to experimental drug 
adsorption data. 

TABLE 11. Practical and theoretical pseudo-first-order velocity constants, 
adsorption capacity and the correlation coefficient. 

qe(exp), mg/g qe(calc), mg/g k1, min
1 R2 

97.713 91.610 7.7171 7.1311 
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values are not identical and not close to each other, and the values 
of the correlation coefficient (R2) are not good, as it can explain 
this situation as follow. It is the possibility of a kinetic application 
of this model at a certain stage of the adsorption process, and 
Langmuir’s Eq. (3) cannot be applied to a large extent with practi-
cal values of adsorption because the theoretical basis assumed by 
this equation deviates from the practical values and the diffusion of 
drug molecules through the pores of activated charcoal, the initial 
concentration of the drug cannot be in a linear relationship with the 
rate of adsorption speed, despite the linear relationship given by the 
application of that equation. 
 These results represent the initial stage of the adsorption process 
and not at all time periods of the adsorption process; the process is 
fast in its beginning. In general, it can be concluded that the appli-
cation of practical values for adsorption does not fully agree with 
the theoretical basis of the Lagergren equation for the adsorption 
system [32]. 

4.2. Pseudo-Second Order Equation 

Applying pseudo-second order model to practical adsorption data by 
plotting the relationship between t/qt versus time, it is also possible 
to use adsorption rate constant k2 to find the initial pseudo-second-
order adsorption speed (h) through Eq. (5). 
 The application of the pseudo-second order model gave an excel-
lent linear relationship, which indicates that a high correlation co-
efficient was obtained, as shown in Fig. 7, where the condition of 

 

Fig. 7. Application of the pseudo-second order to experimental drug ad-
sorption data. 

TABLE 12. Rate constant and the practical and theoretical pseudo-second 
order adsorption capacity and correlation coefficient. 

Qe(exp), mg/g qe(calc), mg/g k2, gmg
1min

1 h, mgg1min
1 R2 

97.713 39.901 7.779.. ..137 7.1100 
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this model matching the adsorption kinetics to the practical results 
of adsorption was achieved through the convergence of the practical 
values of the adsorption capacity at equilibrium qe(exp) with the val-
ues of qe(calc) calculated theoretically from the intersection of the 
straight line of the graph. For this reason, it can be said that the 
practical results of adsorption are subject to the false second-order 
model. Within the specified time period for the adsorption process, 
one of the reasons [32] why the practical results of adsorption are 
not subject to this model may be the presence of influencing forces, 
which determine the rate of adsorption, such as the concentration of 
the adsorbent and the nature of the adsorption process, in addition 
to the path taken by the adsorbed-solution molecules in the process 
of their transfer from the solution to the surface of the adsorbent 
and their spread through its internal pores. As for the values of h, 
which is called the initial rate of adsorption, the results calculated 
for it and shown in Table 12 indicate that, at the higher adsorption 
efficiency of the drug, the surface of the adsorbed material will be 
occupied by the molecules of the adsorbed material faster that leads 
to a greater slowdown of the speed of the adsorption process. This is 
consistent with that observed, when studying the effect of time on 
adsorption efficiency [33]. 

4.3. Intra-Particle Diffusion Model 

The implicit particle-diffusion model is applied to the practical data 
for adsorption by applying Eq. (6) by drawing the relationship be-
tween the values 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 that this 
class has a greater influence [34]. 
 The mechanics of the adsorption process can occur in three steps: 
first, the transfer of the adsorbed molecule from its location in the 
solution to the surface of the adsorbent after overcoming all the in-
terfacial forces, which hinder its movement in the solvent; its asso-
ciation with the active sites on the adsorbent surface; and finally, 
its spread through the internal pores of the adsorbent surface. 
 The mechanism of implicit molecular diffusion will be the only 
mechanism guiding the adsorption process, only when drawing the 
relationship between qt versus t1/2 gives a straight line passing 
through the origin. Since this does not happen, this indicates that 
the process of implicit molecular diffusion plays an important role 
in the process of removing the drug from its aqueous solutions us-
ing activated charcoal. However, the experimental results suggest 
that it is not the only mechanism controlling the drug adsorption, 
as shown in the results obtained in Fig. 8 and Table 13. 
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5. CONCLUSIONS 

Dry or wet sawdust, which is the waste of wood industries, most 
importantly furniture for homes and government institutions, 
causes environmental pollution and detracts from the beauty and 
cleanliness of nature. Therefore, through this study, we tried to 
convert it into a material that benefits the general economy of any 
country by producing activated nanocarbon (of 20–100 nm) com-
pounds in the form of industrial activated charcoal. Comparison of 
the two carbons showed that the nanocarbon prepared in this study 
was highly efficient in removing pharmaceutical pollutants, espe-
cially, expired drugs, which contain the substance (chlor-
pheniramine), more than the commercial charcoal used in the mar-
kets and prepared by traditional methods. 
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