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ARTICLE INFO Abstract

Received: 01/09/2025 One easy way to remove synthetic colors from aqueous solutions is to adsorb them on
Accepted: 20/10/2025 inexpensive solid sorbents. Utilizing activated carbon from polymer waste has been the focus
of recent sorption process initiatives, therefore it offers a more appealing and affordable option
than commercial activated carbon, which is often more costly. This study seeks to investigate
Keywords: the equilibrium and sorption kinetics of two artificial cationic and lonic dyes from aqueous
Removal of (CV)and (MO)  media which are respectively crystal violet and methylene orange utilizing Polyethylene
‘éyr‘zn synthesis Terephthalate PET waste to produce activated carbon. Based on FTIR analysis, the adsorbent
Activated carbon possesses an OH functional group in C6H807 modified carbon-2 and KOH modified carbon-
(PET) wastes 2 of a ratio preparation of 1:2, C-H , C=0 and C-O. SEM analysis indicated the presence of
pores of different sizes and shapes in micrometer diameter. Additionally, XRD images
detected C6HB80O7 modified carbon-2/C-500 had small sharp peaks revealed in 26 = 29°, 20 =
41°and 20 = 51°. The results suggest that these peaks reflect the condensed aromatic
carbonized planes. Batch adsorption studies were performed to investigate the a effect of initial
PH, contact time, initial CV and MO concentration, adsorbent dosage and temperature on
adsorption. The Langmuir and Freundlich isotherm models provided the explanation for
experimental data with the highest correlation coefficient with CV dye, whereas the Freundlich
isotherm model is suitable to describe the adsorption reaction of the MO dye. Sorption
thermodynamic data show that the adsorption process is spontaneous in all samples except
(C6H8O7modified carbon-1) was nonspontaneous. Moreover endothermic in all the samples
except (C6H80O7modified carbon-2) was exothermic sample and the clearing PET waste
obtained after surface modification by C6H807 treatment showed a higher adsorption capacity

from KOH.

1. Introduction move up the food chain through biomagnification which
causes higher trophic-level organisms more contaminated

Artificial coloring is extremely harmful to the than their prey[3]. However, Crystal violet (CV) is
environment [1]. Furthermore , some dyes have toxic, frequently utilized in biological staining, textile dyeing
carcinogenic and mutagenic properties [1]. It has already painting[4][5]. CV is as well as utilized in veterinary
been shown that colors alter the way that sunlight takes and medicine, as external disinfectant, pH indicator and as a
harms the aquatic habitat[2] (stops light from passing dermatological agent[5]. It can enter cells, concentrate in the
through  water)[3][4]. This significantly reduces the cytoplasm and interact with negatively charged cell
dissolved oxygen [2] and decreases in the rate of membrane surfaces with ease despite being a carcinogenic
photosynthesis which has an impact on the dissolved oxygen dye.[5]. Additionally Methyl orange (MO) is extensively
levels throughout the aquatic biota[3] and carcinogens which utilized in research labs as well as in printing paper,
persist as environmental pollutants. These pollutants and pharmaceutical and food processing industries.[6]. Death
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may ensue from high MO exposure levels. Intestinal
microbes also metabolize it into aromatic amines[6]. Since
methyl orange is soluble in water stable and has low
biodegradability, it is challenging to remove from aqueous
solutions using standard techniques for water filtration or
treatment. [7][6]. Thus, removing colors from wastewater is
a difficult operation[8]. Additionally, the synthetic origins
and mostly aromatic structure of the dye non-degradable
make it harder to handle biologically. [9]. They are very
soluble in water which makes it challenging to eliminate
them from conventional methods [3]. The fight against
environmental pollution has grown in importance [10].
Various approaches are frequently employed for this
objective among these therapeutic alternatives are biological
and physio-chemical[11] [8], membrane filtration,
ozonation, advanced oxidation and integrated treatment
processes. However, major drawbacks of these technologies
are long operation time, high sludge production, high cost
not being eco-friendly, etc[2]. Adsorption technology is one
of the most efficient ways to remove dye among a variety of
chemical, physical and biological treatment techniques as
the result of its low cost, high efficiency, simplicity and
insensitivity to harmful compounds[8][12][2] [13][14], in
recent years. Potassium hydroxide KOH is one of the most
often used activators as under the same circumstances, it
may create activated carbon with a large surface area and a
fine pore size distribution [15], reduced cost, decreased
corrosiveness and minimal environmental contamination.
The efficiency of KOH-activated carbon in the adsorption of
many organic compounds including (phenol, dyes, heavy
metals and pesticides) has been the subject of numerous
investigations. [16]. Citric acid (CA) is an organic acid
which is widely used in the food and daily chemical
industries, it is non-toxic with good solubility, anti-oxidation
and mild reaction. Moreover [17]. It has been reported in the
literature that citric acid (CA) is an effective modifier for AC
to improve the removal of contaminants such as copper,
aniline, lead, uranium and methylene blue. [18].

2. Materials and Methods

2.1 Preparation of Activated Carbon

Polyethylene Terephthalate (PET) waste bottles were
harvested from the local restaurant in Riyadh (Saudi Arabia)
disposal areas. All the collected bottles are colorless and
labels were removed , caps were detachment and dirt were
remove by water, and finally were dried in the oven at 90 C,
for 24 h. The dried bottles were then cut into small pieces of
1 cm by 1 cm dimensions and shredded into flakes for further
processing. Activated carbon (AC) was prepared by
carbonizing 10 g of cleaned PET in a furnace at 500 °C for 2
h. The madification of AC from PET was undertaken by acid
and base of Chemical activation for preparation adsorbent.
activation mainly was carried out using given amounts of
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AC and KOH, citric acid in aqueous solution at the AC/
KOH, weight ratios (g) 1:1 and 1:2[19], AC/C6H807 weight
ratios 1:1 and 1:2[20]. Two beakers with 100 ml distilled
water for every chemical with continuous stirring by a
mechanical stirrer for 24 h at room temperature after drying
in an oven at 105°C to be activated, the 4 samples were put
in a furnace at 500 °C for 1 h, the samples were grinding to
get powder and were sifted by a sieve of 0.011 um(size of
particles ). Subsequently, they were wash for half an hour
with 10 ml ethanol by sonication to remove inorganic
impurities and dissolve inorganic compounds like salts then
they were twice washed with deionized water by centrifuge
at 10.000 rmp for 10 min, and then were dried in an oven at
105 -C for 24 h.
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Scheme 1. Graphical Abstract

2.2 Batch Adsorption Studies

These examinations were conducted at Saud University's
College of Science in the Kingdom of Saudi Arabia. The
prepared PET AC (0.01 g in each tube) was transferred to 10
ml polyethylene tube and 8 ml of dye solution (50 ppm) and
2 ml Acid or base buffer were added at pH levels ( 2,4,6,8,10
). The mixture was placed on a shaker at 150 rpm for 24 h at
25°C. The solution was filtered and the C.V and M .O dyes
concentrations were determined by spectrometry at the
wavelength of maximum absorbance, 590 nm CV , 465 nm
MO using a double beam UV-Vis spectrophotometer
(Thermo Scientific). Through the calibration curve of the
device, the following statistical parameters were obtained:
which are correlation coefficient (R?) 0.9996, intercept -
0.01613, LOD 0.309 and LOQ 0.939 factors affecting
accuracy. The same procedures were followed to evaluate
the effect of pH, time, concentration, dose and temperature
on the adsorption capacity of the AC samples. The
adsorption capacity of the AC samples was evaluated using
the following Eq. (1):

Qe = (Co— Ce) X = &)
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Figure 1: FTIR spectra of Active Carbon(A) C¢HgO7 modifi
Unmodified carbon-500.

where Qe is the adsorption capacity (mg /g), CO is the initial
concentration of the dyes, Ce is the equilibrium
concentration of the dyes, V is the volume of the solution (L)
and M is the mass of the adsorbent (g) [21]. Experiments
were conducted and measurements were taken in three
replicates. The results are presented as average with standard
deviation "Mean + SD".

3. Results and Discussion

3.1. Structural and Morphological Characteristics

Fig.1 shows the FTIR spectra of carbons were prepared with
C6HB80O7 modification1-2, 1g-2g. The change in the surface
functional groups after chemical modification as shown in
Figl (A)(B) was compared with the FT-IR spectrum of (E).
Figl is shows the vibration shifts in E, A and B samples from
(1092 to 1226-1320) cm-1, respectively at C-O with medium
intensity. Moreover, the C=0 group shifts from (2354 to
1730- 1703) cm-1 respectively in samples E, A and B. as
result of stretching vibration due to Carboxylic acid
modification. While C-H shifts from (3071 to 3036-3411)
cm-1 respectively in samples E, A and B as shown in Fig.1

E-ISSN: 2788-9327

2000

Wave Number/ecm™

1000

ed carbon-1,(B) CsHsO7 modified carbon-2 and(E)

and Effluent appears at a wavenumber of 3411cml which
indicates the vibration stretch of hydroxyl OH with a wide
band [1] [20] [22] [23].

Fig.2 shows the FTIR spectra of carbons which was prepared
with KOH modification1-2, 1g-2g. The change of in the
surface of functional groups after chemical modification as
shown in Fig2 (C)(D) was compared with the FT-IR
spectrum of (E). Fig2 is shown, vibration shifts in E, C, and
D samples from (1092 to 879-1109) cm-1 respectively in C-
O.also the C=0O group shifts from (2354 to 1585- 1564) cm-
1 respectively in samples E, C and D. Fig2 illustrates the
attributed shifting chiefly due to impregnation with KOH.
While C-H shifts from (3071 to 3044 -3418) cm?,
respectively in samples E, C, and D as shown in Fig.2. 3418
cm-1band is attached especially for the stretch mode of
hydroxyl OH [23]. Shifts and appearance bands indicate that
some functional groups of Carboxylic and hydroxyl have
been successfully introduced into the surface of the PET
Activated carbon after chemical modification. These
functional groups are very effective in capturing dyes from
aqueous solution [20].
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Figure 2: (C) FTIR spectra of Active Carbon KOH modified carbon-1, (D) KOH modified carbon-2, and (E) Unmodified
carbon.

Fig.5: Morphology of the porous C¢HsO7 modified carbon-
Fig.3: Morphology of the porous Unmaodified carbon/C-500 2/C-600 of 250 (a) and 100,000
of 250 (a) and 150,000 (b)

Fig.4: Morphology of the porous C6H807 modified carbon- Fig.6: Morphology of the porous KOH maodified carbon-
1/C-600 of 250 (a) and 100,000 1/C-600 of 250 (a) and 100,000
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Fig.7: Morphology of the porous KOH modified carbon-
2/C-500 of 250 (a) and 100,000 (b)

The prepared activated carbon samples were examined by
SEM to analyze the surface of the adsorbents before and
after activation. The SEM photographs of the sample are as
shown in Fig 3 explains that (a) is Unmodified carbon PET
wastes at 500. It can be seen that the micrographs have
heterogeneous surfaces with large cracks. These big cracks
don't have a specific surface area for adsorption, while in Fig
4,5,6,7 (a) is prepared chemically activated carbons by KOH
and citric acid showed a tiff surface full of a variety of
random holes forming complicated channel networks due to
the modification, which increased the number of cavities on
the carbon surface. It demonstrates at higher magnification.
in Fig 3 shows (b), Unmodified carbons with large cracks
and holes. While Fig. 4,5,6,7 (b) shows the porous of
different sizes and shapes in micrometer diameter (um).
These micropores on the external surface attract the dyes to
the adsorption sites from solutions.

XRD spectrum in Fig.8 illustrates (a) Appearance a broad
diffraction peaks from 20 between 10° and 35° which is
ascribed to the diffraction of amorphous carbon. According
to previous studies [24], (b) showed diffraction peaks at 20
= 20° and 20 = 10° with the absence of a sharp peak,
revealing a predominantly amorphous structure with low
crystallinity. According to previous studies [25]. indeed (c)
had small sharp peaks revealed in 26 =29°, 26 = 41°and 26
=51°. Results suggest that these peaks reflect the condensed
aromatic carbonized planes. It is indicate the sharper the
peak, the higher the degree of condensation of the aromatic
ring according to previous studies[24]. The amorphous
structure in(d,e) was identified by the peak at 26 = 23° and
peak at 28 = 43¢ according to previous studies[26][27][28].
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Fig.8: XRD patterns of the carbon from PET(a) unmodified
carbon-500 (b) CeHsO; modified carbon-1/C-500 (c)
CeHgO7 modified carbon-2/C-500 (d) KOH modified
carbon-1/C-500 (e) KOH modified carbon-2/C-500

3.2. Adsorption Studies:
3.2.1. Effect of pH on (CV) and (MO) Removal:

As shown in Figure 9, pH of 6 was the best medium for
adsorption of dyes CV and MO ,by the samples of COH708
modified carbon-1, C6H708 modified carbon-2, KOH
modified carbon-land KOH modified carbon-2. This may
denoted to the fact that affects the solubility of the metal ions
in water, the concentration of the counter ions on the
functional groups of the adsorbent and the degree of
ionization of the adsorbate during reaction [29].
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Fig.9: The investigation of the effect of pH on the adsorption
of (a)CV and (b) MO at 25 °C with a contact time of 24 h.
using adsorbent dose of 0.05 g and metal concentration of 50
mg/L, (n=3)
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3.2.3. Effect of Contact Time:

studying the time effect was investigated by changing the
time of contact from 5min to 4500 min Fig.10 on the
adsorptions of CV was investigated by increasing the time
of the adsorption process at 1500 min and the capacity until
reaching (38.4, 9.8) mg/g for (C6H708 modified carbon-1,
KOH modified carbon-1) respectively. while in MO at 1600
min and the capacity stopped increasing until reaching
(6.458, 5.9) mg/g for (C6H708 modified carbon-2, and
KOH modified carbon-2) respectively. Moreover, there
were no further increases in the adsorption on the adsorbent
surfaces. This indicate the rat of adsorption equal to the rat
of desorption which were previous to the adsorption reached
to the equilibrium state.
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Fig.10: Contact time investigation for adsorption of CV on
to(C6H708 modified carbon-1, KOH modified carbon-1)
and MO on to(C6H708 modified carbon-2, and KOH
modified carbon-2) adsorbent dose 0.05 g, and metal
concentration of 50 mg/L ,pH 6, (n=3).

Effect of Adsorbent Dosage:
It is essential to estimate the optimum amount of the

adsorbent dosage[30]. Long removal efficiency is adversely
affected by increasing adsorbent doses as excess adsorbent

E-ISSN: 2788-9327

dosage reduces removal efficiency due to particle
agglomeration and decrease active sites on the surface area
of the adsorbent [31]. As shown in Fig 11 the values of the
capacity varied depending on the adsorbent dosages from
0.2 to 1 g L-1. The capacity decreased during adsorption of
CV, from 38.4t0 0.3 and from 8 t0 0.6 in (C6H708 modified
carbon-1, KOH modified carbon-1), respectively. While,
during adsorption of MO from 5.5 to 3.1 and from 17.6 to
1.8 in (C6H708 modified carbon-2, KOH modified carbon-
2) respectively decreased for an initial metal concentration
of 50 mg/L.
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Figure 11: Effect of adsorbent dose on (a)CV and (b) MO
adsorption; metal concentration of 50 mg/L ,pH 6, (n=3).

Kinetic Studies

By applying the pseudo-first and second—order model to
investigate the rate of the adsorption process, it was found
that the values of R21 in CV dye were (0.98, 0.99, 0.8824,
0.9638) whereas, the values of R21 of adsorptions of MO
dye were (0.7529, 0.7294, 0.8875, 0.9518) for these samples
C6H807modified carbon-1, KOH modified carbon-1,
C6H807modified carbon-2 and KOH modified carbon-2
respectively. The results in Table 1 indicate that the pseudo-
second-order model is a better fit for adsorption kinetics than
the pseudo-first-order model due to good agreement between
experimental and calculated ge values. It can be concluded
that the model of the second order can be applied to explain
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Table 1. Kinetic constants for (a)CV on to (C6H80O7modified carbon-1, KOH modified carbon-1) and (b)
MO on to(C6H80O7modified carbon-2, KOH modified carbon-2) modified active carbon from PET waste

Dyes Samples Pseudo-first-order Pseudo-second-order
K1 qecal R% ge,€XP Kz qe,cal R%,
(g/mg.min) | (mg/g) (mg/g) (mint) (mg/g)
cv CsHsOymodified 7.26*10* 2.9%¥104 | 0.9807 38.46 1.38*103 27.7 0.7529
carbon-1
KOH modified 1.14*104 217220 0.9943 9.867 2.76*103 6.77 0.7294
carbon-1
MO C¢HsO;modified 1.1*10* 74 0.8824 6.458 -9.2*10 6.289 0.8875
carbon-2
KOH modified 2.5%104 46 0.9638 9.909 -1.6*103 5.788 0.9518
carbon-2

the adsorption kinetics. Discussion of these results is
consistent with what was stated in the references [32][33].
These observations indicated that the rate of the dye
adsorption process was controlled by chemi-sorption
process which depended on the chemical character of the
dye[34].

Langmuir

The following figures are data for CV and MO dyes
adsorption on to the adsorbent which were used to support
the assumption. In Fig. 12, the graph shows that vales of
correlation coefficient were high for R2 (0.9897, 0.8735) of
CV dye on to (C6H80O7modified carbon-1, KOH modified
carbon-1) respectively while R2 for adsorption MO dye were
low values for R2 (0.5981, 0.4148) in (C6H807modified
carbon-2, KOH modified carbon-2 ) respectively.
Consequently, the Langmuir assumption is suitable for the
adsorption of CV dye more than MO dye and is identical to
the monolayer and homogeneous adsorption process[35]
[33].
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Figure 12: Langmuir adsorption isotherms (a)CV on to
(C6HB8O7modified carbon-1, KOH modified carbon-1) and
(b) MO on to(C6H80O7maodified carbon-2, KOH modified
carbon-2) (modified active carbon from PET waste)

Freundlich

In Fig. 13, the constants calculated for the Freundlich are
shown. The process of CV and MO adsorption was well
correlated with the Freundlich equation R2(0.9943, 0.9807)
for CV dye on to (C6H807modified carbon-1, KOH
modified carbon-1) respectively, while the values of R2(
0.9638, 0.8824) for M.O dye on to (C6H80O7modified
carbon-2, KOH modified carbon-2) respectively, These high
correlation coefficient R2 previous to Freundlich isotherm
model fitted data and better than the Langmuir isotherm
model for both dyes sorption of CV and MO. They exhibited
good behavior suggesting and heterogeneous adsorption
process on the surfaces of prepared adsorbate or as a
multilayer sorption with nonuniform distribution of
adsorption heat and affinities over a heterogeneous
surface[35] [33].
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Figure 13: Freundlich Isotherm of (a) CV on to
(CsHsOymodified carbon-1, KOH modified carbon-1) and
(b) MO on to(C6H807modified carbon-2, KOH modified
carbon-2) (modified active carbon from PET waste.

Thermodynamic Studies

The values of AH®, AS°, and AG® for the CV and MO
adsorption are presented in Table 2. The effect of
temperature was investigated at 298, 308, 318 and 328
K. As can be noticed that the AG® tends to decrease or
increase. If AG® is a negative value at a given
temperature it indicates that the particular reaction is
spontaneous. On the other hand if AG® is positive value
it indicates that adsorption process is a non-
spontaneous reaction. The adsorption process indicates
that the particular reaction is spontaneous when the
bonds formed between the metal ions and the binding
sites rupture at high temperature. This decreases the
percentage removal and the spontaneity of an
adsorption process can be explained by the free energy
change (AG®). In addition, the interactions with free
energy indicated that the processes were favorable for
the formation of electrostatic interactions between
metal ions and the active site of the adsorbent, where
the results in Table 2 showed that the reaction in the
samples (KOH modified carbon-1, C6H80O7modified
carbon-2, KOH modified carbon-2) was non-
spontaneous owing to AG® positive. While in the
sample (C6H80O7modified carbon-1) was the reaction
spontaneous due to AH°< TAS®, the energy of
enthalpy which had less effective from effect of
adsorption entropy ( freedom-degree) [33], [36]. The
negative AH® value denotes the exothermic process of
obtaining adsorption. As shown in Table 2, this
happened in sample (C6H807modified carbon-2) and

Table 2. The Thermodynamic Parameters of (a)CV on to (C6H80O7modified carbon-1, KOH modified carbon-1)
and (b) MO on to(C6H80O7modified carbon-2, KOH modified carbon-2)

Dves smoles Thermodynamic Parameters
Y p Temperature T(K) AG° (KJ/mole) AS°(J/mole/K) AHP° (KJ/mole)
298 -7878.1
. 308 -8222.4 2.1
CeHsO;modified carbon-1 318 121805 8.8
328 -12700.4
o sz
KOH modified carbon-1 308 33726 -5.5 0.39
318 2816.5
328 ’
298 4081.6
. 308 4616.8 -3.9
CeHsO;modified carbon-2 318 51405 -1.4
328 8029.3
e 208 655.9
KOH modified carbon-2 308 4624.1 -10.5 17
318 12130.3 '
328 13210.0

E-ISSN: 2788-9327
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Table 3. Comparison between literature and the most signification results obtained in the current work

Maximum adsorption capacity
Adsorbent (mg/g) based on the references References
Dye Lo s
optimization condition
Activated carbon 87.20 [41]
Activatf:d carbon Lemgn ACL/Fe,0; 3531 [42]
magnetic nanocomposite
CvV Clay (PFB-Mzvi adsorbent) 89.9 [43]
Activated carbon (commercial) 116 [44]
KOH modified carbon-1 9.86
C¢HsO; modified carbon-1 38 In this study
Activated carbon from date pits 434 [45]
Activated carbon from Lemon peels 33 [46]
MO biological activated carbons 3.18-3.66 [47]
activated carbons 8.78-16.90 [48]
KOH modified carbon-2 59 .
CeHs0; modified carbon-2 6.4 In this study

the positive AH° value involves an endothermic
process (CesHsOsmodified carbon-1, KOH modified
carbon-1, KOH modified carbon-2). while the negative
value was shown in (CsHsO; modified carbon-2)
exothermic reaction [37]. As reported in Table 2, the
positive values of entropy change (AS) for the sorption
process, which indicates an entropy value above zero
and confirms the irreversibility of the adsorption
process [38]. On the other hand, the negative value of
entropy change AS suggests the desorption of the
adsorbate molecules from the solid to the liquid during
the adsorption process due to the decreased disorder at
the solid/ liquid interface [39]. Moreover, the degree of
freedom of the adsorbed species is increased as a result
of the positive value of AS [40].

To demonstrate the efficacy of AC from PET as an
effective adsorbent for CV and MO, it is necessary to
compare its adsorption capacity to that of other known
adsorbents. Table 3compares the gmax Values for CV.
and MO adsorption on different adsorbents to those of
our adsorbents.

E-ISSN: 2788-9327

4. Conclusions

In this study, the optimum conditions for the maximum
removal of CV and MO dyes by the adsorbent were found to
be: 0.05 g in 10 ml of the adsorbate solution at pH 6, a
contact time of 1500-1600 min respectively at a temperature
of 25 °C. The percentage removal of CV and MO dyes
reached a maximum of around 50 ppm initial metal ion
concentration with an adsorption capacity of KOH modified
carbon-1, C6H807 modified carbon-1, (9.86 - 38 ) mg/g for
cv respectively, and KOH modified carbon-2, C6H807
modified carbon-2 (5.9 - 6.4 ) mg/g for MO respectively.
The adsorption equilibrium data fitted well to the Langmuir
and Freundlich isotherm models suggesting the presence of
monlayer and multilayer adsorption mechanisms for the CV
adsorption by the adsorbent while in MO dye multilayer
adsorption mechanisms. The thermodynamic studies
indicated that the adsorption process is spontaneous in all
samples except (C6H807modified carbon-1), which was a
nonspontaneous, as well as endothermic process was excited
in all the samples except (C6H80O7modified carbon-2)
which was an exothermic sample. The FTIR analysis
indicated the presence of various functional groups in
modified PET waste such as the OH functional group in
C6H807 modified carbon-2 and KOH modified carbon-2,
with a ratio preparation of 1:2, C-H, C=0, and C-O
functional groups. The SEM analysis suggested that the
adsorbent possesses porous structures of different sizes and
shapes in micrometer diameter XRD images detected that
C6H807 modified carbon2/C-500 had small sharp peaks
revealed in 20 =29°, 20 = 41°and 20 = 51°. Results suggest
that these peaks reflect the condensed aromatic carbonized
planes which indicates that the activated carbon prepared
from PET was predominantly amorphous and this can be
which could be related to the dyes removing by the
adsorbent. The surface modified PET waste showed higher
potential for the removal of CV and MO when compared
with surface unmodified PET waste. However, further
investigations should be carried out to identify the optimum
conditions for the removal of CV and MO from aqueous
solutions using surface modified PET waste as an adsorbent.
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