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1. Ultrasonic Separation
2. Total Petroleum Hydrocarbon (TPH)
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1. Standard Mineral Oil (SMO)

2. Surfactant Modified Barley Straw
3. Trans-Membrane Pressure (TMP)
4. Cross Flow Velocity (CFV)

5. Daphnia Magna
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1. Box-Behnken Designs (BBD)
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1. Fourier-transform Infrared Spectroscopy (FTIR)
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Introduction

Pollution of water resources with petroleum compounds
is one of the most important environmental problems
that has destructive effects on the environment and
human health [1, 2]. These contaminations usually
result from industrial activities such as refineries
and oil extraction. Therefore, the treatment of oily
wastewater and the removal of organic and hydrocarbon
compounds present in them has become a major
challenge [3]. In this regard, the use of adsorbents to
remove these pollutants is recognized as an effective
method. Activated carbon is one of the common
adsorbents used in the treatment of oily wastewater,
but due to the high cost of its production and supply,
extensive research is being conducted to find cheaper
and more efficient alternatives [4]. In this study, the
use of modified coke is investigated as a cost-effective
and efficient substitute for activated carbon to remove
petroleum pollutants from refinery effluents [5].

Materials and Methods

In this study, waste coke from the olefin unit of
Morvarid Petrochemical was modified using the
hydroxylamine (KOH) method. After the modification
process, the physical and chemical properties of the
adsorbent were evaluated using various techniques
including Fourier Transform Infrared Spectroscopy
(FTIR), X-ray Diffraction (XRD), Brunauer-Emmett—
Teller (BET) surface area analysis, and Scanning
Electron Microscopy (SEM).

Accepted: December 10, 2024

To assess the efficiency of the modified adsorbent
in removing petroleum compounds from refinery
wastewater, adsorption experiments were conducted at
the laboratory scale. In these experiments, the effects
of variables such as pollutant concentration, adsorbent
dosage, and contact time on the removal efficiency
were investigated.

For data analysis, Design Expert software was used to
optimize the experimental conditions and determine
the optimal parameters. Additionally, kinetic and
isotherm adsorption models were analyzed to study the
adsorption behavior and its conformity with various
kinetic and isotherm models.

Results

The experimental results showed that using 1 gram
per liter of the modified coke for 2 hours was able to
remove 85.30% of the petroleum compounds present
in the refinery wastewater. Additionally, the adsorption
process reached equilibrium within 60 minutes, with
approximately 80% of the petroleum compounds
adsorbed within the first 30 minutes.

Kinetic model analysis indicated that the adsorption
process follows the pseudo-second-order kinetic
model (R? = 0.8257), suggesting the predominance
of a physical adsorption mechanism. The adsorption
isotherm models demonstrated that the Freundlich
model better fits the experimental data, which can be
attributed to the heterogeneous surface of the adsorbent
and the variety of adsorption sites on its surface.
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In the Freundlich model, an n value greater than one
indicates that the adsorption process is a favorable
physical process in which the adsorbent effectively
interacts with the petroleum compounds. The results
also revealed negative changes in Gibbs free energy
and enthalpy, indicating that the adsorption process
occurs spontaneously and exothermically at low
temperatures, accompanied by a decrease in free
energy.
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