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Enhancement of Adsorption of Paracetamol Drug on Carbon
Nanotubes concerning Wastewater Treatment
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Abstract

It is essential to eliminate antibiotics from water due to their possible harm to living creatures and the growth of resistant
microorganisms. The present study focuses on paracetamol inhibition utilizing carbon nanotubes (CNTs). Fourier transform
infrared, field emission-scanning electron microscopy, and transmission electron microscopy techniques were used to study
the fabricated CNTs’ physical and chemical properties. Several concentrations of medication (10-100 mg L), pH solution (2.2—
10.2), the weight of CNTs (0.002-0.08 g), and temperature solution (10-30 °C) were used to estimate the adsorption studies.
The obtained results indicated that a concentration of 50 mg L%, a pH of 6.6, an adsorbent amount of 0.02 g, and a contact
time of 2 h are optimal conditions for removing 95.40 % of the drug from water. The results of the adsorption study indicate
that the percentage of removal increases as the weight of the surfaces increases. The thermodynamic factors (AG°), (AH®),
and (AS°) were estimated, and the negative values of AG indicated that the removal method was spontaneous at various
temperatures. The correlation coefficient value at R? = 0.98881 indicates that the adsorption method has high applicability
concerning the second-order model. In contrast, the applicability of the first-order model and Elkovich equation are moderate,
as indicated by the correlation coefficient values of R? = 0.70844 and R? = 0.84540, respectively. Based on the findings, the
prepared CNTs may serve as a promising, environmentally friendly, cost-effective, and effective material for paracetamol
drugs.
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1. Introduction medicines contain antibiotics, vitamins, antitoxins, anti-

Pharmaceutical preparations are among the most important
chemicals used to treat, diagnose and prevent many diseases.
Various medicinal groups are produced and consumed as these
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inflammatory, and others. Pharmaceutical preparations differ
from other chemical pollutants and are classified as molecular
compounds. It differs in functions, molecular weight, and
environment. It can pass through membranes, and most of
these drugs can dissolve in water.[*4

Acetaminophen (N-acetyl-4-aminophenol) is the major
active ingredient in pharmaceuticals of paracetamol.
Acetaminophen is a white, odorless, crystalline powder with a
bitter taste. It commonly consists of ring benzene core-
substituted via amide and hydroxyl groupP! and is used as an
analgesic and antipyretic drug. It is obtainable by prescription
and as an over-the-counter medicine; the main physic-
chemical properties and the structure of paracetamol are
presented in Table 1. Micropollutants, emerging pollutants,
contain extensive synthetic and normal material, including
drugs, personal care products, agrochemicals and steroid
hormones. Nowadays, monitoring various environmental
residual drugs has been highlighted because these materials
are found in waste and surface water. Utmost of these
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complexes are discharged into the environment incessantly by
domestic sewage treatment methods.[51 Adsorption is a rapid
phenomenon of passive sequestration separation of adsorbate
from an aqueous/gaseous phase onto a solid phase.F!
Adsorption occurs between two phases in transporting
pollutants from one phase to another. It is considered to be a
complex phenomenon. It depends mostly on the surface
chemistry or the nature of the adsorbent, adsorbate, and the
system conditions between the two phases. Adsorption
processes offer the most economical and effective treatment
for removing pollutants from wastewater.

The process is often carried out in batch mode by adding
an adsorbent to a vessel containing contaminated water. The
mixture is stirred for a sufficient time before allowing the
adsorbent to settle and removing the filtered water.’! The
adsorbate is the substance removed from the interface’s liquid
phase. The adsorbent is the solid, liquid, or gas phase onto
which the adsorbate accumulates. The term adsorption is also
used to describe two forces of interaction between the
adsorbate and the adsorbent. The interaction forces are broadly
described as physisorption (physical adsorption) and
chemisorption (chemical adsorption).[}% The purpose of the
present study was to investigate the ability of CNTs prepared
by physicochemical activation with hydrogen peroxide as the
activating agent to remove paracetamol from aqueous
solutions.

Table 1. Physicochemical properties of paracetamol drug.

N-(4-hydroxy-phenyl)ethan amide,
N-(4-hydroxy-phenyl)acet amide
Acetaminophen; 4-Acetamidophenol;

IUPAC ID

Chemical Names

Paracetamol
Molecular Formula CsHaNO2 or HOCsHsNHCOCHs
So0. H20 (25 °C mg mL™?) 14
Density g/cm? 1.263
Molecular Weight (g mol -¥)  151.2
Melting point (336 F) 169 °C
Boiling point (788 F) 420 °C
LogP 0.46
pKa 9.38

0 CH

Chemical Structure of J-I-\ /O/
Paracetamol H5C

N
H

2. Preparation of Paracetamol Stock Solution

Paracetamol from the Samara Factory (purity 98%) was used
to prepare a stock solution (1000 mg L) by dissolving 1 g of
the drug into 1000 mL of distilled water (pH 6.7). As shown
in  Fig. 1, the absorbance was  determined
spectrophotometrically using a UV-visible (UV-Vis)
spectrophotometer. Solutions with five distinct concentrations
are utilized to limit the relative standard deviations of the
method. Table 2 displays the measured relative standard
deviations (RSD) percent and standard deviation (SD).
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3. Preparation of Carbon Nanotube

Carbon nanotubes (MWCNTs) were obtained from the
refinery of bakery factories. The coal (Anthracite) was
collected, crushed, and sieved before being subjected to a
chemical process involving hydrogen peroxide, 50 g of dried
CNTs were impregnated with 50 mL of 10 percent by weight
of H>O; solution to obtain a weight ratio of 1:5 (H2O2: CNTs).
The carbon nanotubes were immersed in a peroxide solution
with continuous stirring for one hour to activate the active sites
on the surface, then filtered and washed with the distilled
water several times. CNTs prepared were dried at 110 °C for
two hours. Then clean biomass was mechanically ground and
filtered to produce a powder with a particle size of less than 25
pm.
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Fig. 1 Calibration curve of Paracetamol drug.

4. Batch Adsorption Experiment

Batch adsorption experiments were conducted in a 100 mL
conical flask in a shaker water bath. The effect of contact time
2 h by using 0.02 g of CNTs and 100 mL of paracetamol drug
solution at 200 rpm at different time intervals at 20 °C
performed by varying the initial drug concentrations from
(10-100) mg L. The effect of experimental factors such as
mass (0.002-0.08 g), and pH (2.2-10.5), were studied using
one parameter-one-time approach. After different aliquots
from the reaction mixture were analyzed for residual drug
concentration using a UV-Vis spectrophotometer at 220 nm
wavelength, monitoring changes in absorbance. Samples were
collected from the flask at various intervals and analyzed for
residual  drug  concentration.  Adsorption  kinetics
investigations were carried out by agitating 100 mL of drug
solution of known initial concentration with 10—100 mg/L of
adsorbent at a temperature of 20 °C, by using pH metere
(model HI 83141, Hanna, Romania) of 6.6 + 0.1 and at 120
rpm for different time intervals. Adsorption efficiency (Qe)
and Removal percentage (E %) were calculated using Eq. (1)
and Eq. (2), respectively.
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Table 2. Statistics of the calibration curve (Fig. 1) for several paracetamol drug concentrations.

Parameters Proposed Method paracetamol

Amax (NmM) 342

Beer’s law limit (ug ml™") 2-100

Regression equation (Y=mX+C) Y=0.01102X + 0.000422

Slope (m)
Intercept (C)

0.01102 (+1.28154*10%)
0.00422 (+0.00213)

Correlation coefficient (r?) 0.99839
% Relative Standard deviation (RSD%) 0.52
standard deviation (SD) 0.14
Color colorless
Qe = CozCe v (1) adsorption was placed in an oven at 65 °C for 24 h.
- Carbon nanotube was characterized via FT-IR
E% ==%¢4 100 ) : .
Cco spectroscopy spectra. FT-IR was collected in the mid -IR

Co (mg L) is the primary concentration of the drug and Ce
(mg L") is the drug equilibrium concentration at time ¢ (min),
W (g) is the adsorbent weight, V' (L) is the volume of drug
solution.

5. Material Characterization Techniques

5.1 Fourier transfer infrared spectroscopy (FT-IR)

FT-IR measurements were carried out on model 84008,
Shimadzu, Japan FTIR spectrometer. The samples were
diluted to a concentration of 0.1% with potassium bromide
powder (KBr) from Merck. 300 mg of the mixtures were
compressed for 10 minutes at 10 t (¢ 1.3 cm) under vacuum,
forming a grayish-round disc.

5.2 Field Emission Scanning Electron Microscopy (FE-
SEM)

FE-SEM is a powerful device used to characterize sample
morphology such as grain size, particle size, particle
distribution, crystal defects, and surface structure. FE-SEM
model MIRA3, TESCAN, Czechia Republic, has several
features like a large depth of field, higher resolution, and more
control in the degree of amplification. About 50 uL of aqueous
or ethanol suspension of the sample was placed on a clean
silicon wafer surface.

5.3 Transmission Electron Microscopy (TEM)

TEM is a microscopy technique that uses a beam of electrons
transmitted across an ultra-thin sample. The electrons are
transformed into light and form an image. TEM model 912AB,
Leo, Germany, provides information on phase composition,
structure, and lattice defects. The mechanism for examining
the sample is by adding drops from the sample as an aqueous
solution to the carbon-covered TEM networks.

6. Results and Discussion

6.1 Characterization of FT-IR for adsorbent/adsorbate
FTIR was used to analyze the surface functional groups
responsible for paracetamol drug adsorption. Adsorbent
surfaces CNTs and drug-loaded adsorbents samples after

© Engineered Science Publisher LLC 2022

series about 4000 - 400 cm™. Fig. 2 depicts the FT-IR spectra
of CNTs before and after paracetamol drug adsorption. The
characteristic peaks are induced by S—H bonds, centered
between 2327 and 3412 cm™ by CNTs ~OH. The FT-IR pattern
appears reduced in band intensity next to the adsorption. There
is a difference between CNTs before and after interaction by
paracetamol drug that have been suggested that a physical-
sorption phenomenon happens as a data of attractive forces
among the CNTs surface and paracetamol drug in the
study.[12.131

Before Adsorption
—— After Adsorption

100 —

90 —

80 —

70 —

60 —

50 —

40 —

30 —

Transmittance (T%)

L] I L] I L] I L] I L] I L] I L]
3500 3000 2500 2000 1500 1000
wavelength/ cm™

4000 500

Fig. 2 FTIR spectra of Carbon Nano Tubes. (a) before absorption
of paracetamol drug (b) After absorption of paracetamol drug.

6.2 FE-SEM

FE-SEM was used to characterize the surface morphology and
fundamental physical properties of 200 nm CNTs before and
after the divalent paracetamol drug adsorption. The FE-SEM
analysis reveals that the CNTs are arranged in a flower-like
pattern and that the surface is composed of numerous small,
irregular clusters. Multiple layers of CNTs are compressed on
top of one another by the force of Vander Walls and the cross-
linking agent. As a result of  adsorption,
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Fig. 4 TEM of Carbon Nano Tubes. (a) before absorption of paracetamol drug (b) After absorption of paracetamol drug.

the surface is characterized by ridges and humps caused
primarily by the drug.' Observations of the physical
combination of CNTs revealed that the CNTs were connected
to the outer and inner surface and filled the cracks. Due to the
increase in surface area of CNTs, the presence of spherical-
shaped CNTs may be viewed as a means of enhancing the drug
uptake of paracetamol. As shown in Fig. 3, the morphology of
CNTs reveals the presence of internal pores, which facilitates
the intra-particle diffusion of paracetamol.

6.3 TEM

The morphology of the CNTs surface nanocomposite was
analyzed using TEM morphology surface analysis (100 nm),
as shown in Fig. 4. It was evident that the cloud became more
agglomerated after adsorption. A new geometry was formed,
which was attributed to the loading of the drug on the surface,
where the presence of clusters and the formation of subtle
dark-colored*>1¢ were observed.

6.4 Effect of initial paracetamol drug concentration

The amounts of paracetamol drug adsorbed “adsorption
equilibrium” (Qe) and percentage removal (R%) of
paracetamol drug at varied initial drug concentrations Co

324 Eng. Sci., 2022, 20, 321-329

under various experimental settings are shown in (Fig. 5).
Results demonstrates that the quantity of paracetamol drug
adsorbed varies with initial paracetamol drug concentration
and grows with increasing initial paracetamol drug
concentration. In contrast, the percentage clearance decreases
with increasing paracetamol drug concentrations. Increasing
the initial concentration of paracetamol enhances the
adsorption process by increasing the number of collisions
between the drug and the CNTs. The effect of paracetamol
concentration on CNTs capacity was determined to be of great
value for the utilized medicine.[*"]

6.5 Effect of CNTs dose
The influence of the CNT’s weight on the removal (E)% of the
paracetamol drug adsorbed from aqueous solutions
demonstrated that the removal capacity of paracetamol drug
gradually increased as CNTs increased. As shown in Fig. 6, as
the mass of CNTs increases from 0.001 to 0.08 g, the
proportion of adsorbed paracetamol increases from 25.83 to
94.77%. Increasing the masses of CNTs decreased the
adsorption efficiency of the same paracetamol chain drug by
approximately 861.212-59.193 mg/g.

This could be because increasing the amount of adsorbent
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offered a greater surface area or more adsorption sites for the

parameters that influence adsorption. The chemical or

paracetamol medication. Increasing the amount of CNT used physical alterations may be dependent on the active
by an additional 0.05-0.08 g had no effect on the E percent of modifications. Thermodynamics is the basic physical science

paracetamol drug eliminated.[*®!
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Fig. 6 CNTs surface mass effect on Paracetamol drug at optimum
condition (Initial concentration 50 mg/L, pH 6.6, Temperature
20 °C).

6.6 Effect of solution pH

The pH is one of the best parameters for studying the
adsorption behavior of sorbent and sorbate presses. Fig. 7
depicts the influence of a pH range of approximately 2.2 to
10.5 on the E% elimination of paracetamol from CNTs. Under
optimal conditions (50 mg L-1 of 100 mL paracetamol drug
mass 0.02 g CNTs, 2hr equilibrium time and shaking rate 120
rpm). The paracetamol medication exhibited the lowest
adsorption capacity at pH 2.2 (829.05 mg/g) and the highest
adsorption capacity at pH 10.5 (856.127 mg/g).[*%

6.7 Adsorption thermodynamics
The thermodynamic functions are among the most significant

© Engineered Science Publisher LLC 2022

responsible for determining these discrepancies, as the optimal
adsorption efficiency of the substance is determined by
thermodynamic functions such as (AG°®), (AH®) and (AS°).
These are the important thermodynamic parameters for
researching adsorption mechanisms that can establish the
adsorption process’s feasibility, spontaneity, and heat
exchange.? The effect of temperature (10, 20, and 30 °C) on
the absorption of paracetamol is examined (Fig. 8). A rise
follows a temperature increase in CNT adsorption
effectiveness (the higher the temperature, the better the
adsorption).
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Fig. 7 Effect of solution pH on Adsorption of paracetamol drug
at optimum condition (mass of CNTs 0.02 g, Initial concentration
50 mg/L, Temperature 20 °C).
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The change in heat that occurs when a solution comes into
contact with a solid is not as easily analyzed as the heat
generated by the adsorption of a single gas by a solid. The
former is typically much less and can be determined by
calculating the concentration required to achieve a particular
quantity of adsorption at various temperatures.?! AG® may be
approximated using Eq. (3) and Eq. (4). Table 3 provides the
thermodynamic values estimation of paracetamol drug
adsorption onto CNTs.

AG°=-RTInK 3)
AS° can be found from equation AG®: Substituting AG® by
equation (2):

AG® = AH°-TAS® )

Table 3. Thermodynamic parameter for paracetamol adsorption
on CNTs.
AH

AG AS

(Kimol)  (KImol)  (Jmolt K1) Keq
-9.344 26,536
19.05 -10.439 12.443 36.312
111334 44.972

6.8 Adsorption isotherms
The isotherm model takes into account a crucial component in
resolving adsorption mode. Adsorption models can discover
adsorbent-adsorbate interactions in reality. The Freundlech
multi-ayer and Langmuer single-layer adsorption isotherms of
the adsorption equilibrium model are suitable for the solid-
liquid adsorption method.[?22

The Langmuir isotherm [Eq. (5)] hypothesizes that
adsorption occurs on a homogenous surface through
monolayer coverage. Freundlech's model [Eq. (6)] is an
empirical model for multilayer adsorption on heterogeneous
surfaces.

__ QmKLCe
Qe = 1+KL Ce ®)
Qe = K¢ Ce!n (6)

K¢ (L mg') is Freundlech constant, 1/n is hetero-geneity factor.
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Fig. 9 Several adsorption models nonlinear fit of adsorption drug
on CNTs, optimum condition (mass of CNT 0.02 g, pH 6.6,
Temperature 20 °C).
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A plot of Qe vs. Ce appears in Fig. 9, that values of K¢, 1/n
are fixed from the intercept and slope of the linear retreating.
As a look, the best regression correlation coefficient was
shown by the model Freundlech (R? = 0.9915). This tick that
the model Freundlech was appropriate for characterizing the
drug’s sorption onto CNT compared to model Langmuir (R* =
0.9851). Data are seen in Fig. 9. The studied parameters of the
two-model isotherm are shown in Table 4.

6.9 Kinetic model
6.9.1 First-order model
The rate constant of adsorption is estimated from the following
first-order model rate expression!*?! as appears in Eq. (7):
In(ge — q;) = Inge- kat 7
where ¢. is the quantity of adsorbed drug (mg/g) at equilibrium,
qt is the quantity of the adsorbed drug at time t (min), and k;
is the rate constant of adsorption of the first order model.
Lagergren’s usability deviates from its nonlinear form,
according to the results. The new kinetic model is inadequate
for forecasting pseudo-first-order sorption kinetics on CNTs.
We wanted to apply the experimental data to models because

the first-order kinetic model failed to represent the sorption
effects.?

6.9.2 Second-order model
The adsorption method’s kinetics model might also be
described in the second-order model rate equation.?®! The
nonlinear form of the t equation is expressed as Eq. (8):

1 1 1

E - K2qe2 q_e (8)
The kinetic parameter of the drug adsorption onto surface
CNT appearing in Table 5 which shows the pseudo-second-
order plot; it can be seen that the sorption data maintains its
linear profile over the entire period; however, higher values of
correlation coefficients and qe determined using the pseudo-
second-order model were more compatible with the
experimental data.[?®!

6.9.3 Elkovich model

The equation Elkovich utilized for common application to
chemisorption. The equation has been useful satisfactorily to
some chemisorption processes. It has been found to cover a
wide range of slow adsorption rates?’l. A similar equation is
often valid for the system in which the adsorbing surface is
heterogeneous and is formulated as in Eq. (9):

qt=%1 Bln(af)+ % Int )

Fig. 10 represent the variation of drug adsorption on CNT by
time shaking (0220 min) and different primary drug
concentration solution (50 mg/L). Where note the high
applicability of the adsorption method to model second-order
depending on the correlation coefficient value at R =0.98881.
whereas the applicability to the model first-order and equation
Elkovich decrease due to the value low of the R? = 0.70844
and R? = 0.84540.1281
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Table 4. Isotherm models Freundlech and Langmuir parameter of paracetamol drug adsorbed onto CNTs optimum condition (mass

of CNTs 0.02 g, pH 6.6, Temperature 20 °C).

Isotherm models Parameters (SAFB)
282.2208 £17.3315
R? 0.99155
2080.8996 +156.577
Langmuir Ki(L/mg) 0.0958 +0.0155
R? 0.9851

Table 5. Adsorption kinetics factors the adsorption of paracetamol drug optimum condition (mass of CNT 0.02 g, pH 6.6,

Temperature 20 °C).

Model Equation Parameters Value
Ky(min't) 0.4444 +0.0409
First-order ge(calc)(mgg™) 32.8613 £5.5531
gi=0e[1-exp(ks t)] R? 0.70844
K2(g/mg/min) 0.02224 +0.00377
Second-order qe(calc)(mgg™) 30.794 £0.6991
0= Tt R? 0.9834
a(mgg?!min?) 36.0027
Elkoveich model B (g min™) 0.0123
qe=1/B1BIn(af)+1/p Int R 0.8454
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Fig. 10 Adsorption kinetic models fitted to experimental
paracetamol drug adsorption onto CNTs a) pseudo-first-order b)
pseudo-second-order ¢) Elkovech model, optimum condition
(mass of CNTs 0.02 g, pH 6.6, Temperature 20 °C).

7. Conclusions

The adsorption capacity and percentage of paracetamol drug
removal increase with increasing contact time, surface area,
and temperature solution. However, adsorption capacity has
decreased with the increase of adsorbent dosage. The optimum
contact time for equilibrium to be achieved is found to be 2 h
It is basically due to saturation of the active site, which does
not allow further adsorption. For paracetamol drugs on

© Engineered Science Publisher LLC 2022

adsorbent surfaces, maximum adsorption was found at pH =
10.5. Adsorption was found to increase with an increase in the
pH of the solution. The negative value of AG confirms the
spontaneous nature adsorption process. The positive value of
AS showed the increased randomness at the solid-solution
interface during adsorption. The positive value of AH
indicated that the adsorption process was endothermic. The
interaction between dose and initial concentration
significantly affected the adsorption process. Adsorbent
curves showed good fits and correlations to Freundlich
isotherm, which suggests that adsorption is heterogeneous.
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