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Introduction
The treatment recognised as adsorption occurs 
when a gas or liquid solution gathers on an 
adsorbent surface, producing a molecular film 
on the adsorbent’s surface made up of the 
molecules being collected (Hassan, 2025). 
The adsorbent molecules can draw wastewater 
because they are not completely encircled 
by other molecules on the surface. One of the 
numerous solid materials used in the adsorption 
technique was “activated carbon”. When 
compared with other solid materials used in 
the extensively used for adsorption, Activated 
Carbon (AC) has the largest surface area for 
adsorbing both oil and in-oil substances from 
wastewater over a long period (Al-Hassan 
& Shakir, 2024). The results were successful 
when compared to activated carbons made from 

industrial waste, which remove oil pollutants 
using porous media (adsorbents) (Ahmed et 
al., 2024). This treatment was used because it 
is effective at eliminating oil pollutants from 
wastewater and uses very little energy because 
it runs at room temperature and atmospheric 
pressure (Ibrahim et al., 2023). 

Extra supports of this knowledge were 
assumed to include the wide availability of 
adsorbents and the ease of regeneration of wasted 
adsorbents. Adsorbents that selectively adsorb 
oil-containing materials via chemisorption 
and physisorption come into direct contact 
with wastewater throughout the adsorptive oil 
development (Nawaf & Abdulmajeed, 2024). 
Physical adsorption, infrequently referred 
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This work prepared two new Activated Carbon (AC) from Plastic Waste 
(PW) and Upholstery Waste (UW) by carbonisation method and activation 
by alkali agent (potassium hydroxide, KOH) to remove oil pollutants from 
Refinery Wastewater (RWW) through a batch technique and compared 
between them. The Fourier Transform Infrared (FTIR) spectroscopy, Field 
Emission Scanning Electron Microscopy (FESEM), Energy Dispersive X-ray 
(EDX) spectroscopy, X-ray Diffraction (XRD), and Brunauer–Emmett–Teller 
(BET) were used to characterise the physicochemical characteristics of the 
AC as received and KOH/AC of two samples (AC1 and AC2) from PW and 
UW, respectively. The removal effectiveness of oil pollutants was examined 
in relation to four operational conditions dose (0.2 to 1 gm), pH (3 to 9), 
agitation speed (100 to 300), and contact duration (30 to 120 minutes). The 
removal efficiency under various working conditions was studied to assess 
the surface efficiency of oil removal on prepared activated carbon treated 
with KOH, whose specific surface areas increased. The largest oil removal 
efficiency was 94.7% and 90.8% of AC2, and AC1 at 1 gm, 3 pH, 300 rpm, 
and 120 minutes, respectively, obtained with AC/KOH, which presented a 
superior adsorption efficiency for oil removal in refinery wastewater.
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Depending on the adsorption model being 
second-hand, this test permits the entire 
adsorption volume of an assumed prepared 
activated carbon to remain as planned (Naeem 
& Hassan, 2018). The two different replicas 
which were used to find the best one between 
them for oil adsorbent on the surface of 
prepared activated carbon from UW and PW 
were Freundlich and Langmuir with Equations 
(1) and (2) correspondingly, which is valid 
for monolayer adsorption, where the untested 
isotherms were inspected. This model provides 
the same adsorption vitalities but with an 
insufficient number of locations (Jafer et al., 
2019).

(1)

where qe is the quantity of oil adsorbed, Ce is the 
oil pollutants at equilibrium, KL is the Langmuir 
coefficient, and qm is the adsorption capacity. 

The Freundlich Equation (6) can be practical 
for adsorbent multilayer adsorption.

					     (2)

where KF is the Freundlich constant connected 
to adsorption capacity and n is the heterogeneity 
limit that specifies the model (Abdul Majeed & 
Sabar, 2017). 

Experimental Work
Material and Analytical Test
Sodium hydroxide, potassium hydroxide, 
hydrochloric acid, sulphuric acid, and potassium 
hydroxide were purchased from India and 
directly used without further purification. 
Refiner wastewater with high oil concentration 
was measured by UV-Vis spectrophotometer. 
At the end of the test, 40 mL of wastewater was 
placed in a closed cylinder to avoid disturbing 
the oil emulsion. Then, 4 mL of n-hexane was 
added under acidic conditions (pH = 2), followed 
by vigorous shaking for three minutes. After 15 
minutes, once the solution had separated into 
two distinct layers, the upper (oil) layer was 
collected for absorbance measurement. The oil 
content in the Refinery Wastewater (RWW) 

to as physisorption is a reversible process 
that is mostly caused by weak van der Waals 
interactions (Mousa Al-Zobai & Hassan, 2022). 
On the other hand, when the attractive forces 
between the activated carbon and wastewater 
are almost as strong as covalent chemical 
bonds, chemisorption occurs.  This is a form of 
monolayer adsorption in which contaminants 
and AC undergo a chemical reaction, where AC 
forms bonds with the pollutants and removes 
them from the water (Naser et al., 2021). Porous 
glass, zeolite, alumina, and metal-supported 
activated carbons were among the adsorbents 
that could work. Even with developments (i.e., 
adding functional groups and other lively sites 
to the adsorbent surface) and microstructural 
flaws, none of these adsorbents could positively 
eliminate oil molecules, mainly oil pollutants, 
from refinery wastewater (Qureshi et al., 2020a).

The creation of adsorbents with high 
adsorption capacity and discrimination for oil 
molecules has attracted a lot of attention (Farise 
et al., 2021). The literature that is currently 
available demonstrates that hardly any research 
has been done on the adsorptive oil by activated 
carbon (Qureshi et al., 2020b). It has been 
reported that treating carbon resources with 
alkali agents like potassium hydroxide and 
sodium hydroxide, professionally upsurges 
their surface area by causing numerous defects 
owing to the strong chemical etching result of 
the agents, mainly potassium hydroxide (KOH), 
and the addition of complexes comprising 
oxygen (Islam et al., 2017). The purpose 
of this study is to chemically treat prepared 
activated carbon from Plastic Waste (PW) and 
Upholstery Waste (UW), respectively, with 
activation by potassium hydroxide as an alkali 
agent and investigate how the treatment affects 
the effectiveness of oil pollutants from refinery 
wastewater under various operating conditions 
of pH, time, agitation speed, and dose. This 
work also inspects the isothermal models of oil 
adsorption in refinery wastewater. 

Theoretical aspects: The relationship 
between the quantity of oil pollutants adsorbed 
and its refinery wastewater in the symmetric 
solution is known as the adsorption model. 
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Oil Removal Experiments
The efficiency of organic removal in wastewater 
was evaluated in batch adsorption by prepared 
activated carbon. The work inspected the impact 
of four operational parameters on the elimination 
efficiency of oil pollutants:  pH, agitation speed, 
dose, and contact duration. Each experimental 
trial handled 150 mL of oil pollutants as shown 
in Figure 1. Other parameters were kept constant 
because they were not inspected in this work. 
Following a specified adsorption period, the 
mixture was filtered to eliminate the adsorbents, 
and a spectrophotometer was used to determine 
the filtrate’s overall oil content. A UV-Vis 
spectrophotometer (Shimadzu UV-1800, Japan) 
was used to determine the variation in the oil 
concentration in RWW during the adsorption 
treatment. Equations (3) and (4) were used to 
determine the oil elimination efficiency (Y%) 
and adsorption capacity (qt) of AC and KOH/
AC, correspondingly. 

			   (3)

					     (4)

where:

Co and Ct are the initial and any time oil content 
(ppm), correspondingly; V is the RWW volume 
and w is the activated carbon (gm).

Experimental Design
In this study, the optimal conditions for 
RWW treatment using batch adsorption were 
determined using the Box–Behnken Design 
(BBD) method. The independent variables of 
contact time are (X1), pH (X2), rpm (X3), and 
dose (X4). They were coded finished low and 
high levels in the BBD that is shown in Table 2.

was then determined using the calibration curve 
(Ahmed et al., 2021). The description of RWW 
is shown in Table 1.

Preparation of Activated Carbon 
The activated carbon was prepared from 
upholstery waste and plastic waste by 
carbonaceous method from local Iraqis. The 
polymer wastes were cleaned to remove any dirt 
that might have adhered, dried, and chopped to 
a size of 0.5 mm to 1 mm. The treated polymer 
waste was impregnated with 0.5 M of NaOH for 
24 hours to remove any impurities in the treated 
wastes. The pre-treated waste material was 
carbonised in a controlled environment (often 
in a furnace without oxygen) at a temperature 
of 600°C to remove volatile components and a 
porous carbon structure was formed. 

The Activation of Activated Carbon
Firstly, AC was washed with distilled water 
and then dried at 110°C until a constant weight 
was attained. Chemical activation of AC 
was performed using alkali agents via a wet 
impregnation process. Activation solutions were 
made by dissolving a specific amount of the 
before-stated potassium hydroxide in distilled 
water (to get 1 M) and using a magnetic stirrer 
to agitate for an hour. 5 g of dried activated 
carbons were then treated for three hours at room 
temperature while being stirred and refluxed in 
the activation solutions. While subsequently 
filtering the mixture, the AC was cleaned with 
distilled water and diluted hydrochloric acid, 
dried at 110°C for the entire night, and stored in a 
desiccator over a desiccant (Shihab et al., 2020). 
The three-hour activation time was designated 
when they used prepared activated carbon 
treated with KOH to remove oil chemicals; as 
longer times had a detrimental result on the 
removal effectiveness of oil pollutants.

Table 1: Physical characteristics of RWW

Parameters Oil Pollutants (OP) 
(mg/L) pH Turbidity (TUR) 

(NTU)
TSS

(ppm)
Conductivity 

(ms/cm)
Value 415.88 6.89 104 17.9 145
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Table 2: Employed limits

Limits Ranges
X1: Adsorption time (min) 
X2: pH
X3: rpm
X4: Dose (gm)

30-120
3-9

100-300
0.2-1

Results and Discussions
Examination of the Activated Carbon 
Morphology 
Fourier Transform Infrared (FTIR) spectroscopy 
demonstrates that the adsorption treatment 
meaningfully affects the structure of AC1 and 
AC2 in Figures 2 (a) and (b), correspondingly. 
The region from 3,000 cm-1  to 3,550 cm-1 in 
the FTIR spectroscopy analysis corresponds to 
–OH stretching vibrations, which were mostly 
associated with the amount of hydroxyl groups 
in AC samples (Nawaf & Hassan, 2025). The 
relative intensities in this range drop subsequent 
treatment of oxidation, signifying a notable 
decrease for current group. The mechanical 
qualities of treated activated carbon were lost 
because of this decrease in the partial breakage 
of hydrogen bond structures in prepared 
activated carbon. FTIR analyses of the AC with 
KOH were carried out to characterise functional 
groups on their surfaces and follow any potential 
structural change because of the treatment with 
an alkali agent (Nawaf et al., 2025).

In the X-ray Diffraction (XRD) analysis 
presented in Figure 3, the characteristic peaks 

of the prepared activated carbon sample specify 
a sodality structure, consistent with standard 
peaks of activated carbon. The distinctive peaks 
of the carbon structure were signified through 
two broad characteristic diffraction peaks that 
emerge in two varieties (about 20° to 30° and 
40° to 50°) (Kemarau et al., 2024). The particles 
display an unchanging, polyhedral, almost 
hexagonal or spherical particle line structure. 

The grains were arranged in sizes ranging 
by 500 µm sieve analysis with Field Emission 
Scanning Electron Microscopy (FESEM) 
picture in Figure 4 for AC2 and AC1 samples, 
respectively. The surface of the prepared KOH/
AC indicates the distribution of OH⁻ groups 
over the activated carbon support. An excellent 
distribution of hydroxide ions was observed 
across the support surface.	The characteristic 
different pores of prepared samples of activated 
carbon were marked in the triangular, and the 
FESEM picture showed randomly distributed 
grains with smaller sizes. From the FESEM 
test, it can be concluded that the formation 
of microparticles has a homogeneous shape 
structure and it was grown in very high density 
with almost uni-form spherical shapes. Table 3 
shows the properties of AC prepared from UW 
and PW, correspondingly. 

Energy Dispersive X-ray (EDX) 
determination was conducted to assess the purity 
of AC from PW and UW obtainable in Figures 
5 (a) and (b), respectively. The analysis revealed 
the presence of Ca, P, C, and O elements in 

Figure 1: Batch adsorption for RWW by activated carbon
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the prepared samples, as listed in Table 3. No 
impurity peaks were observed, indicating high 
sample purity and confirming the presence of 
the intended elements. Optical analysis was 
used to determine the characteristics of the 
prepared activated carbon derived from UW and 
PW, respectively (Alfattal & Abbas, 2019).

The thermogravimetric curves of the 
prepared activated carbon produced by 
carbonisation and activation through alkali 
agents from PW and UW are shown in Figures 6 
(a) and (b), respectively. The main cause of the 
early weight loss noticed up to 105°C was the 
evaporation of water from the prepared samples. 
The formation of upholstery waste through 
carbonisation and potassium hydroxide conduct 
enhances the thermal stability of AC, perhaps 
because of partial destruction of the crystalline 

area. This is a change in the molecular structure, 
by way of observation in the Thermogravimetric 
Analysis (TGA) curves, which was related to 
thermal decomposition (Mhawesh & Abd Ali, 
2020). Furthermore, the thermal transitions in 
this temperature range were associated with 
the onset of thermal degradation of activated 
carbon, including the rearrangement of 
molecular chains. Using a Brunauer–Emmett–
Teller (BET) test, the prepared activated carbon 
sample’s surface area and pore volume were 
examined. It was found that the surface area 
derived from the current investigation is 154.1 
and 130 m2/g for AC2 and AC1, respectively, 
suggesting that there may have been changes 
in sample preparation, untried setup, or logical 
approaches between works (Pandi et al., 2021), 
as shown in Figures 7 (a) and (b), for AC1 and 
AC2, respectively.

Figure 2: FTIR test of (a) AC1 and (b) AC2 samples
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Figure 3: XRD patterns of (a) AC2 and (b) AC1

Figure 4: FESEM test of (a-b) AC2 and (c-d) AC1 at 200 nm
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Figure 5: EDX test of (a) AC1 and (b) AC2

Figure 6: TGA curves of (a) AC1 and (b) AC2

Table 3: EDX of prepared activated carbon

Element
AC1 AC2

Wt% Atomic% Wt% Atomic%
C 75.52 81.33 29.98 39.29
P 2.32 0.14 1.23 0.63

Ca 0.43 0.14 0.32 0.13
O 21.73 17.56 49.25 48.47

Total 100.00 100.00 100.00 100.00
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Regression Model
The final oil pollutants in RWW (27 tests 
were conducted by BBD) and the elimination 
competence response at each AC1 and AC2 on 
the oil adsorption treatment run were explained in 
Table 4. The mathematical equation [Equations 

(5) and (6)] were manufactured in terms of 
actual factors connecting the oil elimination 
response to the active variables, representative 
of the interconnections between these variables, 
and was found on investigative consequences. 

Oil removal by AC1 = 41.6 + 0.227 X1 – 1.18 X2 + 0.011X3+ 62.9 X4 – 0.00071 X1
2 + 

0.049 X2
2 + 0.000227 X3

2 – 15.0 X4
2 + 0.0013 X1X2 – 0.00089 X1X3 – 0.003 X1X4 – 

0.0005 X2X3 – 1.23 X2X4 – 0.0787 X3X4 	 (5)

Oil removal by AC2 = 39.6 + 0.244 X1 – 0.94 X2 + 0.043X3+ 68.4 X4 – 0.00058 X1
2 + 

0.073 X2
2 + 0.000175 X3

2 – 19.3 X4
2 – 0.0031 X1X2 – 0.000133 X1X3 – 0.014 X1X4 – 

0.0021 X2X3 – 0.075 X2X4 – 0.087 X3X4 	 (6)

Figure 7: Isotherms of adsorption–desorption of (a) AC1 and (b) AC2
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Analysis of Variance (ANOVA) was 
established in Tables 5 and 6 with a focus on 
the adsorption response surface model of AC1 
and AC2 samples, correspondingly. The results 
showed the Fisher-value, p-test value, adjusted 
sum of squares (Seq. SS), adjusted mean of 
squares (Adj. MS), degree of freedom (DOF), 
and sum of squares for all limits. Just 8.89% of the 
total variants were not reinforced by schooling, 
according to the model’s multiple correlations 
constant, which was 91.6% compatible with the 

statistical significance of the regression. Figure 
8 shows that the adjusted manifold correlation 
coefficient and R2 matched well in this model 
for two samples (Jafer et al., 2023).

The results in Figures 9 (a) and (b) explained 
the high competence response of elimination 
along the contact time of all values of the oil 
removal by AC2 and AC1, correspondingly. 
When compared between two preparations of 
activated carbon, the two preparations where 

Table 4: Results of the BBD experiments

No. Time (min)
X1

pH
X2

Agitation 
Speed (rpm)

X3

Dose 
(ppm)

X4

Oil Removal 
by AC1

(%)

Oil Removal 
by AC2

(%)
1 30 3 200 0.6 71.3 75.4
2 120 3 200 0.6 80.9 85.3
3 30 9 200 0.6 63.5 70.4
4 120 9 200 0.6 73.8 78.6
5 75 6 100 0.2 50.6 54.1
6 75 6 300 0.2 66.9 69.4
7 75 6 100 1 85.9 90.5
8 75 6 300 1 89.6 92.4
9 30 6 200 0.2 65.9 68.4
10 120 6 200 0.2 77.8 80.5
11 30 6 200 1 78.9 82.4
12 120 6 200 1 90.6 93.5
13 75 3 100 0.6 83.5 86.4
14 75 9 100 0.6 78.4 82.5
15 75 3 300 0.6 91.6 94.5
16 75 9 300 0.6 85.9 88.1
17 30 6 100 0.6 70.5 74.9
18 120 6 100 0.6 78.9 83.2
19 30 6 300 0.6 80.5 84.9
20 120 6 300 0.6 87.3 90.8
21 75 3 200 0.2 75.6 78.6
22 75 9 200 0.2 67.4 70.4
23 75 3 200 1 88.6 92.3
24 75 9 200 1 74.5 80.5
25 75 6 200 0.6 77.9 81.9
26 75 6 200 0.6 78 81.6
27 75 6 200 0.6 78.1 82.8
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high elimination at an acid solution had a 
strong interaction directed to Oil Pollutant (OP) 
and vice versa to pH on the oil elimination, 
where increasing the pH led to reduction the 
oil elimination. This is because there is an 
interaction between the OP in RWW and the 
prepared AC due to the van der Waals forces 
and high surface area of the adsorbent. Figures 
9 (a) and (b) show the adsorption time, rpm 
concentration, and dose, respectively, ranging 
from low to high (El Kaim Billah et al., 2023).

The data were examined using the “Minitab 
17” software, and the main assumptions 
regarding the issues were dependable. The 
change in response resulting from a change 
in the level of an issue still determines its 
consequence. This was commonly referred to as 
the major effect because it tackles the primary 

issues of interest in the testing (Alamery & 
Hassan, 2022). Figures 10 (a) and (b) validate 
the key components of each restriction on the OP 
of AC2 and AC1 adsorption, correspondingly. 
The dose, pH, and time have the biggest effects 
on the elimination of oil in RWW. In the range 
under work, this constant, which has a positive 
sign, indicates how rising rpm and dose as well 
as time would upsurge oil elimination, and on 
the other hand, how cumulative pH would 
reduce oil elimination (Kurniawan et al., 2023).

The best settings for enhanced working 
variables including pH, rpm, dose, and contact 
time were still established. Figure 11 shows 
the measurement effects of the D-optimisation 
for the adsorption of OP in refinery wastewater 
(Hassan & Shakir, 2024).

Table 5: ANOVA for oil removal by AC1

Foundation DOF Seq. SS Adj. MS Fisher-value p-test Value
1-model 14 1774.59 126.756 2.78 0.042
Linear 4 1621.74 405.435 8.89 0.001

X1 1 287.14 287.141 6.3 0.027
X2 1 192 192 4.21 0.063
X3 1 243 243 5.33 0.04
X4 1 899.6 899.601 19.73 0.001

Square 4 103.59 25.898 0.57 0.691
X1

2 1 11.15 11.149 0.24 0.63
X2

2 1 1.04 1.04 0.02 0.882
X3

2 1 27.4 27.401 0.6 0.453
X4

2 1 30.61 30.613 0.67 0.428
2-way interaction 6 49.26 8.209 0.18 0.977

X1*X2 1 0.12 0.122 0 0.96
X1*X3 1 0.64 0.64 0.01 0.908
X1*X4 1 0.01 0.01 0 0.988
X2*X3 1 0.09 0.09 0 0.965

X2*X4 1 8.7 8.703 0.19 0.67

X3*X4 1 39.69 39.69 0.87 0.369

Error 12 547.04 45.587
Lack-of-fit 10 547.02 54.702 5470.19 0
Pure error 2 0.02 0.01

Total 26 2321.63
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Table 6: ANOVA for oil removal by AC2

Foundation DOF Seq. SS Adj. MS Fisher-value p-test Value
1-model 14 1774.61 126.76 3.34 0.021
Linear 4 1611.71 402.93 10.63 0.001

X1 1 256.69 256.69 6.77 0.023
X2 1 147 147 3.88 0.072
X3 1 196.02 196.02 5.17 0.042
X4 1 1012 1012 26.7 0

Square 4 110.8 27.7 0.73 0.588
X1

2 1 7.42 7.42 0.2 0.666
X2

2 1 2.31 2.31 0.06 0.809
X3

2 1 16.26 16.26 0.43 0.525
X4

2 1 50.98 50.98 1.34 0.269
2-way interaction 6 52.1 8.68 0.23 0.959

X1*X2 1 0.72 0.72 0.02 0.892
X1*X3 1 1.44 1.44 0.04 0.849
X1*X4 1 0.25 0.25 0.01 0.937
X2*X3 1 1.56 1.56 0.04 0.843
X2*X4 1 3.24 3.24 0.09 0.775
X3*X4 1 44.89 44.89 1.18 0.298
Error 12 454.82 37.9

Lack-of-fit 10 454.04 45.4 116.42 0.009
Pure error 2 0.78 0.39

Total 26 2229.44

Figure 8: Observed vs. predicted values of oil removal

Scatter Plot of Observed vs. Predicted of Organic Removal
Variable

Observed by AC2 * Predicted values AC2
Observed by AC1 * Predicted values AC1



Talib Subkh and Raghad Almilly		  736

Journal of Sustainability Science and Management Volume 21 Number 3, March 2026: 725-745

Figure 9: Interaction plot of variables of (a) AC2 and (b) AC1

Interaction Plot for Organic Removal by AC2

Interaction Plot for Organic Removal by AC1
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Figure 10: Impact of oil removal of (a) AC2 and (b) AC1

Figure 11: The best values of the working variables

Main Effect Plot for Organic Removal by AC2

Main Effect Plot for Organic Removal by AC1
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Effect of Dose 
The effect of dose on the ratio of OP detached 
from RWW with an increase in the dose leads 
to an increase in the oil elimination as presented 
in Figure 12. To upsurge the dose from 0.2 gm 
to 1 gm, the percentage elimination augmented 
from 68.1% and 71.5% to 83.1% and 87.9% at 
constant the other variables of AC1 and AC2, 
correspondingly. An increase in the dose leads 
to an increase in the oil removal in refinery 
wastewater, while the increasing adsorption 
locations and empty site consumption had 
a minor consequence on the relative oil 
elimination at high adsorbent amounts (Hassan 
& Al-Zobai, 2019).

Effect of Adsorption Time
The adsorption method was progressively 
augmented by the contact time. This continued 
for 1.5 hours, after which it remained constant. 
As a consequence, the equilibration duration 
was prudently set at 2 hours, which was 
carefully sufficient to ensure that this absorbent 
would eliminate any OP in RWW. To reserve 
adsorption symmetry, the adsorption duration 
was kept constant at 2 hours in the following 
tests. Prominently, the contact time arcs in 
Figure 13 remain flat and continuous, indicating 

the possibility of monolayer attention of oil 
contaminants on the prepared activated carbon 
surface from polymer waste. This occurs because 
the available active sites become saturated and 
equilibrium is reached after 2 hours (Saleh Jafer 
& Hassan, 2019). 

Effect of Solution pH
One of the most important factors manipulating 
the adsorption process in RWW was pH. The 
rating of ionisation of the wastewater during 
this method and the prepared activated carbon 
shallow charge were both impacted via pH. 
H+ can be powerfully contested temporarily 
through the OP intended for this treatment 
site. Hence, the effect of solution pH on oil 
pollutants adsorption in RWW was verified 
(Che Su et al., 2023).  The experiments were 
conducted at initial pH values ranging from 3 to 
9 to determine the optimal pH and prevent the 
precipitation of OP. The oil removal efficiencies 
of AC2 and AC1 were 89.1% and 82.5% at pH 
3, and 81.2% and 74.3% at pH 9, respectively, as 
shown in Figure 14. Similar findings have been 
reported for the adsorption of oil contaminants 
(Mendra et al., 2024).

Figure 12: Effect of dose on oil elimination

Scatter Plot of Organic Removal by AC1 and AC2 vs. Dose (gm)
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Effect of Agitation
To study the effect of agitation speed on the 
presentation of the adsorption technique of 
prepared activated carbon, experimentations 
were tested at agitation of 100 rpm, 200 rpm, 
and 300 rpm. The oil removal augmented with 
the cumulative speed, which reached 75.1% 
and 79.1% to 85.4% and 81.3% at 100 rpm and 
300 rpm of AC1 and AC2, correspondingly, as 
presented in Figure 15. A higher speed would 
lead to a higher mix of prepared activated carbon 

with oil contaminants in RWW, leading to a 
greater degradation of oil pollutants (Sulyman 
et al., 2021).

Freundlich, Langmuir, and isotherm 
equations were fitted to the adsorption data 
for prepared activated carbon. The dose of 
activated carbon was found to have a Langmuir 
supreme adsorption capacity of 24.3 mg/g and 
21.4 mg/g of activated carbon from UW and 
PW, respectively. According to association 

Figure 14: Effect of pH on oil elimination

Figure 13: Effect of adsorption time on oil elimination

Scatter Plot of Organic Removal by AC1 and AC2 vs. Adsorption Time (min)

Scatter Plot of Organic Removal by AC1 and AC2 vs. pH
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coefficients, the Langmuir model outstripped 
the other model in terms of how well it 
accounted for the evidence (R2 > 0.96 and for 
the Langmuir model in Figures 16 (a) and (b) 
vs. 0.91 and for the Freundlich model in Figures 
17 (a) and (b) of activated carbon from UW and 
PW correspondingly. In addition, this outcome 
is similar to the study conducted by Yin et al. 
(2023). 

Mechanism of Magnetic Adsorbent for OP 
The adsorption method produces a coating of oil 
ions, or adsorbate, on the surface of adsorbents. 
A desorption method (reverse adsorption, in 

Figure 15: Effect of agitation on oil elimination

which adsorbate ions are transported from 
the adsorbent surface) can be used to mimic 
adsorption for a range of applications because it 
is a reversible treatment in certain situations. The 
three primary processes involved in adsorption 
onto prepared activated carbon were the transport 
of the contaminant from refinery wastewater to 
the adsorbent surface, adsorption onto the solid 
surface, and transport within the adsorbent 
particle (Hammadi & Shakir, 2019). Adsorption 
of charged contaminants on differently charged 
adsorbents usually occurs by electrostatic 
attraction because oil pollutants have a great 
affinity for the surfaces of hydroxyl (OH−) or 
other functional groups. Furthermore, attractive 

Scatter Plot of Organic Removal by AC1 and AC2 vs. Agitation (rpm)
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Figure 16: Langmuir model of (a) AC1 and (b)AC2

Figure 17: Freundlich model of (a) AC1 and (b) AC2
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forces including hydrogen bonds, van der Waal 
forces, and hydrophobic interactions may be 
involved in the metal adsorption treatment on 
the surface of biosorbents as presented in Figure 
18. Complexation and chelation are two more 
known adsorption procedures. Complexation is 
typically a process that occurs when numerous 
species come together, while chelation is one 
specific example that results in the development 
of rings (Jjagwe et al., 2021).

Conclusions
The consequences showed that activated carbon 
prepared from UW and PW by the carbonaceous 
method and activation by potassium hydroxide 
are low-cost absorbents that can be used to 
remove oil pollutants from refinery wastewater. 
The oil pollutants in RWW were eliminated using 
these adsorbents from activated carbon. High oil 
elimination efficiency of 94.7% and 90.8% of 
AC2 and AC1, correspondingly, demonstrated a 
higher adsorption efficiency. As for the enhanced 
electron density on the AC surface brought on 
by the attached hydroxyl functional groups, this 
was most likely caused by the development of 
a microporous structure of prepared activated 
carbon, where the Langmuir isotherm model 
was shadowed through the adsorption treatment. 
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