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A B S  T R A C T
This study explores the utilization of pumpkin seeds as an abundant 
biomass resource and carbon precursor for the production of activated 
carbons. The precursor was activated at a 1:1.5 w/w ratio of pumpkin 
seeds to KOH at 650 °C to produce the activated carbons. SEM-EDX 
was used to observe the surface morphologies and compositions of 
the prepared activated carbons, which exhibit a clear porous surface 
structure and irregularly shaped particles. The activated carbons 
were used to remove methylene blue dye from aqueous solutions. 
The methylene blue concentration was determined using a UV-Vis 
spectrophotometer with a standard curve ranging from 5 to 25  mg L-1, 
and the limit of detection and limit of quantification were 0.1027 and 
0.3424 mg L-1, respectively. A dosage of 0.05 g of activated carbon 
was sufficient to effectively remove more than 80% of the methylene 
blue within 5.0 min. The removal of methylene blue increases with 
contact time, reaching a maximum of 90% at 25 min. The removal 
of methylene blue is not affected by increasing temperature, but it is 
influenced by pH, with removal increasing as the medium becomes 
more alkaline. The adsorption isotherms show that the Freundlich and 
Temkin isotherms do not apply to the adsorption of the methylene blue 
onto the activated carbons. Still, the data fit well with the Langmuir 
isotherm model, which exhibits a high R2 value (0.998).
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1. Introduction
Pollution is one of the world’s most critical and 
intractable problems. Due to industrial growth, 
pollution has become more detrimental to the 
environment than the usual standards that keep 
it in balance. As pollution levels continue to rise, 
the situation becomes more precarious, and the 
successful completion of substantial processing must 
comply with an increasing number of requirements 

[1–4]. Water pollution is among the most dangerous 
types of pollution, as water plays an essential role in 
maintaining life [5,6]. While the level of clean water 
is decreasing, it is important to find techniques to 
treat wastewater. A variety of studies seek suitable 
methods to conserve water reservoirs [7–9]. The 
most popular techniques for removing dyes from 
wastewater are the redox process [10–13] and 
adsorption methods [14,15] However, adsorption 
using carbon materials, such as activated carbon, 
is low-cost, easy, and environmentally friendly 
[16–18].

------------------------
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Adsorption techniques using porous materials have 
been widely used for water treatment due to their 
ability to capture pollutants within their pores, 
achieving high removal efficiency. Natural clay, 
limestone, and dolomite, which are readily available, 
have been used to remove heavy metals from water 
[19–21]. Other porous materials, such as mesoporous 
silica composite with iron oxide and magnesium 
oxide, for the removal of methylene blue and lead 
and cadmium, respectively [7, 22, 23]. Cellulose 
acetate nanoparticles are used for the removal of 
salt from water [24]. Activated carbons have been 
widely reported as adsorbents due to their large 
specific surface area, high adsorption capacity, 
good surface activity, fine porous structure, and 
reactivity [25–30] Therefore, it is used in water 
treatment (removal of heavy metals and sulfur), 
adsorption of gases causing environmental 
pollution, and recovery of solvents used in industrial 
processes [31–35].  Evaluation of the amino acid 
concentrations in pumpkin seeds showed that 
arginine-glutamic and aspartic acids are the most 
critical residues, but tryptophan and methionine 
are the least important [36–38].That means this 
precursor is a good source of carbon, and the amino 

acid functional groups can enhance absorption. 
Pumpkin seeds are a side product with low cost 
and can be turned into a valuable product used to 
treat polluted water. This research aims to convert 
redundant Pumpkin seed products into valuable, 
economically feasible ACs and to investigate the 
potential of ACs as dye removers. Methylene blue 
was used as a model, and adsorption isotherms and 
thermodynamic parameters were used to study the 
adsorption conditions.

2. Experimental and Methods
2.1.  Reagent
All chemicals and reagents, potassium hydroxide 
(CAS: 1310-58-3), hydrochloric acid (CAS: 7647-
01-0), and methylene blue (CAS: 61-73-4), were 
obtained from Sigma-Aldrich. The methylene blue 
dye stock solution (1000 mg L-1) was prepared by 
dissolving 1.0 g of methylene blue dye powder in 
double-distilled water. This solution was then used 
to prepare the required MB dye concentrations.

2.2. Preparation of ACs
Pumpkin seeds were mixed with KOH at a 1:1.5 
(w/w) ratio and then thermally carbonized for 2 

Fig. 1. Preparation and characterisation of ACs
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hours in a furnace. This process was achieved by 
gradually increasing the temperature from 25 °C 
to 410 °C for 1 hour, then to 650 °C for 1 hour. 
The produced material was stirred with 10% HCl 
to remove residual KOH activation agent, metallic 
components, and contaminants. The sample was 
then filtered and washed with distilled water until 
the pH reached neutrality. 

2.3. Characterization of ACs
The surface morphology of the ACs was investigated 
using a Scanning Electron Microscope (SEM) with 
Energy-Dispersive X-ray Spectroscopy (EDX). The 
composition of the ACs surface was analyzed by 
Field Emission Gun Scanning Electron Microscopy 
(Quanta 650 FEG-SEM). Water content and 
thermal stability of ACs at high temperatures were 
monitored by thermogravimetric analysis (TGA) 
and differential scanning calorimetry (DSC) under 
a nitrogen flow of 100 mL min-1. The heating rate 
was 10 °C/min over the temperature range of 25 °C 
to 850 °C.

2.4.  Adsorption process 
We used the spectrophotometric method with a 
maximum wavelength between 200 nm and 800 

nm to estimate the concentration of the MB in 
the aqueous solution using spectrophotometer 
(RAYLEIGH ,UV-1800) made in China. The λmax 
of the MB dye was measured at 664 nm using the 
Beer-Lambert law (Equation 1).

(Eq.1)

Where: A is absorbance; Ɛ is the molar absorption 
coefficient (mol-1.cm-1); b is the length of the light 
path (1 cm), and C is the molar concentration (mol 
L-1). The adsorbent percentage was calculated 
using Equation 2, and the adsorption capacity was 
calculated using Equation 3.

(Eq. 2)

(Eq. 3)

Fig. 2. Removal of pollutants with AC
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Where Ci is the initial concentration, Ce is the 
concentration of residue in solutions (mg L-1), m 
is the mass of the AC (g), and V is the volume of 
solution per liter.
The effect of AC dose was investigated by shaking 
0.01, 0.02, 0.04, and 0.06 g of ACs with 100 mg 
L-1 of MB dye at 293 K for 5.0 min. The effect of 
contact time was determined by mixing 0.05 g of 
ACs with 100 mL of the dye (20 mg L-1) at 293 
oK for 5, 10, 15, 20, 25, and 30 minutes. To study 
the effect of initial concentration, an aqueous 
solution of MB dye was prepared in different 
concentrations (5, 10, 15, 20, and 30 mg L-1). 0.05 g 
of AC was added to 100 mL of each concentration. 
The solutions were shaken (650 rpm min-1)  for 5 
minutes. The solutions were then filtered, and the 
adsorption capacity and adsorption percentage 
were calculated. The effect of temperature was 
studied by shaking 100 mL of MB at 20 mg L-1 
with 0.05g of AC at temperatures between 293 
and 333 K. The solutions were shaken (650 rpm 
per min) for 5.0 minutes and then filtered, and the 
adsorption capacity and adsorption percentage 
were calculated.

3. Results and discussion
3.1. Nature and structure of AC
Numerous attempts have been performed to 
convert materials with high carbon content to 
activated carbon at various temperatures, which 
routinely reached more than 650 °C [35]. However, 
the pumpkin seeds were carbonized with KOH 
(1:1.5 w/w) at only 650 °C to obtain high-porous 
activated carbon, which is essential given the 
additional energy required. This might be related to 
the high amino acid content found in the pumpkin 
seed composition[37]. As the amino acids are easy 
to crash [39], activation with KOH could reduce the 
final carbonization temperature required for these 
materials. Previous studies have demonstrated 
an adverse relationship between the porosity of 
activated carbon and its density, accompanied by a 
positive correlation with surface area[40].
Figure 3A-3D presents the SEM-EDX analysis 
to visualize the morphology of ACs. The exterior 
surface structure of ACs appearing in Figure 1(a) 
was noticeably porous with irregularly shaped 
carbon. Pore formation can be attributed to the 
melting of the activator (KOH) on the biomass 

Fig. 3. SEM images of (A, B) ACs, (C) ACs after TGA, and (D) ACs after MB adsorption
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A

surface during the activation process [41]. The 
temperature was maintained at 410 °C for 1 hour to 
ensure sufficient contact time between the KOH and 
the biomass. The presence of small-diameter carbon 
rods (ca. 800 nm) increases the exposed surface 
area. This is another factor that increases adsorption 
and decreases the time required for MB dye uptake. 
EDX in Figure 4 shows that the ACs had high purity, 
with only carbon and oxygen atoms present in the 
final product, at 87.89% and 12.11%, respectively. 
The purity of activated carbon is an essential factor 
in its use across different applications. It is clear 
from Figure 5A that the AC’s pore structure is 
destroyed after being heated to 800 °C by TGA. 

This could be due to the oxidation of biomass at 
high temperatures, which converts some of its 
carbon structure to ash. This is another indicator 
of the validity of carbonizing pumpkin seeds with 
1.5 w/w KOH at 650 °C. Figure 5A displays the 
ACs after MB adsorption, revealing a distinct 
distribution of MB molecules in the accessible 
pore regions of the ACs’ surface. Figure 5A shows 
significant weight loss in ACs from 25 °C to 150 
°C, with approximately 10% mass loss attributed 
to water loss in various forms [42]. A slight mass 
loss occurs up to 650 °C, exceeding 200 °C, with 
about 3% loss. This behavior is consistent with the 
slow decomposition of biomass, which involves 

Fig. 4. EDS for ACs

Fig. 5. A) TGA and B) DSC heating curves for AC

B
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the formation of a carbonaceous skeleton and 
the recombination of structural components, 
the main sources of carbon. After 650 °C, ACs 
undergo significant weight loss, which can result 
in the conversion of carbon particles to CO and/
or CO2 [43]. This confirms the assumption that 
the optimal temperature for producing ACs from 
pumpkin seeds is 650°C, as it prevents substantial 
biomass loss and reduces energy consumption. 
The DSC graph in Figure 5B clearly shows a 
significant shift of the AC’s endothermic peak 
toward higher temperatures. This may be related 
to the AC’s superior thermal conductivity and 
rich pore structure. It is also typically possible to 
attribute the endothermic behavior to burn-off at 
high temperatures, which essentially fractures the 
carbon skeleton [44].
X-ray diffraction was used to confirm the 
crystallographic structures of the ACs, and the 
resulting patterns are shown in Figure 6. The 
broad peak indicates that ACs have an amorphous 
structure, the sharp peak at 2θ=~27° is in good 
agreement with the previously reported crystalline 
graphite[45]. Another peak, located at roughly 
43°, is ascribed to the turbostratic nature of the 
carbons. XRD analysis indicates that our prepared 
ACs have some graphite with a crystalline 

structure[46]. This is also supported by the SEM 
image in Figure 3, which shows some rods of 
different sizes. 

3.2.  Adsorption Study 
3.2.1.Effect of the AC amount
Figure 7 shows the effect of the amount of ACs on 
MB adsorption. Four different AC weights (0.01, 
0.02, 0.04, and 0.06 g) were used to study the 
removal of MB (100 mL and 20 mg L-1) within 5 
min at 293 oK. It was observed that even a small 
amount of ACs (0.01 g) is sufficient to effectively 
eliminate more than 78% of the MB at 5.0 min. 
Furthermore, an increase in AC weight results in 
a slight increase in adsorption capacity, reaching 
99% with 0.06 g of AC. This demonstrates the 
reliability of AC as a vital adsorbent for organic 
pollutants like MB in a liquid medium.

3.2.2.Effect of contact time
Another crucial aspect of the adsorption process 
is the investigation of the impact of the contact 
time between the AC and the dye. The outcome of 
contact time on the MB uptake by 0.05 mg of ACs at 
a fixed concentration (20 mg L-1) and temperature 
of 293 oK is shown in Figure 8. It is clear that 
rapid adsorption occurs on the ACs, reaching 78% 

Fig. 6. XRD graphs for ACs
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in a short time (5 min), and the adsorption reaches 
90% after 25 min. Thus, increasing the contact 
time beyond 25 minutes shows no significant 
improvement in MB adsorption, and the removal 
has reached equilibrium.

 
3.2.3.Effect of MB concentration
The impact of the concentration of MB on the 
adsorption process at a constant temperature 
of 20 °C and a weight of ACs of 0.05 g is shown 
in Figure 9. The figure shows that increasing the 
initial concentration of MB reduces the percentage 
removal: 99.5% at 5 mg L-1 and 75% at 30 mg L-1. 
This is because the active sites on the ACs are limited. 

As a result, increasing the initial concentration does 
not significantly enhance MB removal; instead, the 
percentage of MB removal decreases linearly with 
the initial concentration.

3.2.4.Effect of temperature
The effect of temperature on adsorption is shown in 
Figure 10. The increase in temperature negatively 
affects MB adsorption on the ACs. It is not a 
significant effect: the removal of MB decreases by 
~2.5% as the temperature increases from 293 oK to 
333 oK. This is due to the desorption of MB, which 
chemically adsorbs on the ACs.

Fig. 7. Effect of AC amount on the MB removal Fig. 8. Effect of contact time on the MB removal

Fig. 10. Effect of temperatureFig. 9. Effect of MB concentration                              

Determination and Removal of MB with activated carbon and UV-Vis            Ahmed S. Al-Rawi   et al
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3.2.5.Effect of media nature
Over 5 min, with an initial MB concentration of 
20 mg L-1, the effect of pH on MB removal was 
investigated in basic, neutral, and acidic media. 
Figure 11 shows a strong relationship between 
pH and MB removal. As predicted, the cationic 
dye was more effectively adsorbed in an alkaline 
environment compared to an acidic one. We found 
that increasing the media pH from 3 to 10 increased 
MB removal from 70% to 89%.

3.3. Isotherm model
 The Freundlich isotherm is used to fit the MB 
experimental data using Equation 4 [47,48]. The 
relation between ln qe and ln Ce is plotted, where 
the Freundlich constants (Kf and n) were calculated 
from the slope and the intercept, respectively, 

as summarized in Table 1. Figure 12 shows a 
non-linear relationship between ln qe and ln Ce, 
indicating that the Freundlich isotherm does not 
apply to MB adsorption on the ACs. The values 
of Kf and n are 39.165 and -7.788, respectively, as 
shown in Table 1. 
The results of MB adsorption were used to fit the 
Temkin isotherm using Equation 5. The relationship 
between qe and ln Ce is plotted, and the slope and 
intercept were used to calculate the values of KT 
and Temkin’s constant, BT [48,49]. From Figure 13, 
it was found that there is a non-linear relationship 
between qe and ln (Ce), indicating that the Temkin 
isotherm does not apply to the adsorption of the dye 
on the ACs. The values of the constants BT and KT 
are -5.4216 and 0.001, respectively (Table 1).

Fig. 11. Effect of pH on MB removal

Table 1. Values of Adsorption isotherm parameters
Isotherm Parameters Values

Langmuir

qe -0.4676
qmax 28.9017

b -2.6615
R2 0.9985

Freundlich
n -7.7880

KF 39.1650
R2 0.9878

Temkin
bT -5.4216
R2 0.9867

Anal. Methods Environ. Chem. J. 8 (4) (2025) 97-110
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(Eq.4)

(Eq. 5)

Where T is the absolute temperature (K), R is the 
gas constant (8.314 J mol-1K-1), and b is a constant 
related to the heat of adsorption (J mol-1). KT (mg L-1) 
is the equilibrium binding constant, which indicates 
the maximum binding energy. BT is a constant 
related to the differential surface capacitance of 
dye adsorption per unit bonding energy [48,49]. 	

The Langmuir isotherm is essential for discussing 
adsorption systems based on the single-layer 
adsorption model. This means the energy on 
the surface of the activated carbon is evenly 
distributed, and the temperature remains constant. 
It also indicates the maximum capacity (qmax) of 
activated carbon[47–49]. According to Equation 6, 
a straight line with slope (1/qmax) and intercept (1/b 
qmax) can be obtained by plotting Ce/qe against Ce. 
It would then be possible to derive the values for 
b and qmax.

(Eq. 6)

Fig. 13. The Temkin isotherm model Fig. 12. Freundlich isotherm model

     Fig. 15. The thermodynamic isotherm of MB Fig. 14. Langmuir isotherm model
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Where b is a factor related to the connection force 
between the dye and the adsorbent surface; qmax is the 
maximum theoretical adsorbent capacity (mg g-1). 
Figure 14 shows that the Langmuir isotherm 
fits perfectly with the experimental data for 
MB dye adsorption. Since it gave the best linear 
relationship with a correlation coefficient (R) of 
0.998 and qmax of -0.3757. As a result, it is possible 
to conclude that MB adsorption on the ACs occurs 
in a monolayer [47,48]. The thermodynamic 
variables of MB adsorption on the surface of ACs 
at various temperatures (293, 303, 308, 313, and 
323 oK) were calculated using Equations 7-10. The 
thermodynamic isotherm of MB removal from 
water was shown in Figure 15 (t = 5 min, dose = 
0.05 g, MB = 20 mg L-1).

(Eq.7)

(Eq.8)

(Eq.9)

(Eq.10)

Where: Ko is the equilibrium adsorption coefficient, 
R is the gas constant, T is the temperature (K), and 
qe is the quantity (mg L-1) of MB adsorbed onto 
Ac at equilibrium[50–52]. Figure 15 shows ln K 
plotted vs. 1/T, which is used to determine the 
parameters ∆S and ∆H from the slope and intercept, 
respectively. Table 2 displays the parameters’ 
respective values. It appears that the ∆G and ∆S 
have negative values while the ∆H has a positive 
value. These results indicate that the adsorption 
on ACs is spontaneous, with a high attraction 
between MB and the ACs surface, and the reaction 
is exothermic[50–52].

4. Conclusion 
Pumpkin seeds were used as an abundant biomass 
source to produce ACs, with KOH as the activating 
agent. Such ACs show great potential for removing 
MB dye from aqueous solution, with sufficient 
performance. According to TGA results, 13% of the 
biomass is lost at ~100 °C due to relative humidity, 
and the optimal temperature for producing greater 
amounts of porous carbon is 650 °C. The SEM 
image reveals the AC surface porosity, thereby 
increasing the AC surface area. The methylene 
blue concentration was determined using a UV-Vis 
spectrophotometer with a standard curve (5–25 mg 
L-1), and the limits of detection and quantification 
were 0.1027 and 0.3424 mg L-1, respectively. The 
results of the adsorption process showed that ACs 
could be active and rapidly adsorbed at 293 oK. The 
isotherm study shows that MB adsorption on the 
ACs occurs in a monolayer, follows the Langmuir 
model, and is chemically absorbed.

Table 2. Thermodynamic parameters of MB adsorption on ACs

Temperature
 oK 

ΔH ΔSº ΔGº

(KJ mol-1) (JK-1 mol-1) (KJmol-1)
293

6.640-

-11.894 -3.155

303 -11.235 -3.236

313 -10.691 -3.294

323 -12.053 -2.747

333 -11.521 -2.803

Anal. Methods Environ. Chem. J. 8 (4) (2025) 97-110
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