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Intelligent energy management in the oil and gas industries using
nanocomposite phase change materials: A review
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Abstract: Today, due to the increasing demand for energy and the limitations of fossil fuels
as energy sources, the need for renewable energy sources is more critical than ever. One-
third of the total energy consumed in the society comes from the industrial sector, a
significant portion of which is lost due to inefficiencies in waste heat management. Thermal
energy is a major contributor to overall energy consumption. To conserve heat energy,
various methods, such as phase change materials (PCMs), can be used to store and release
thermal energy during phase transitions. To enhance the efficiency of phase change
nanocomposites, which offer benefits such as increased heat capacity, improved heat
transfer coefficient, and thermal and chemical stability; these materials can be applied in
various industries, including the oil and gas sector. This paper investigated different types
of thermal energy storage, with a focus on phase change materials in the oil and gas
industry. Two types of nanoparticles were compared in the melting process of phase change
materials under different conditions and the thermal efficiency of the nanoparticles was
evaluated.
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Optimizing surface adsorption of Congo red anionic dye on zinc
oxide/carbon quantum dots composite by response surface method
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Abstract: The removal of colored pollutants from textile effluent is a significant challenge.
The adsorption process is an efficient and suitable method for removing pollutants. In the
present study, porous zinc oxide was prepared by solution combustion synthesis method,
and then, carbon quantum dots by using lemon and onion juices were loaded into the
cavities and surface of the prepared zinc oxide. X-ray diffraction analysis confirmed the
synthesis of zinc oxide in the hexagonal crystal system. The obtained composite was used
to remove Congo red from the aqueous solution. The effects of pH, time, temperature and
Congo red concentration on its removal efficiency in the presence of as-synthesized
composite was studied with experimental design by using Design Expert 12 software and
response surface methodology. By heating the adsorbent saturated with dye, zinc oxide was
recovered and the carbon quantum dots were added to the recovered zinc oxide. The
maximum removal percentage of Congo red pollutant (97.39%) was achieved at pH of 6,
50 °C, 30 minutes, and initial 30 ppm of dye concentration. After five times of recovery of
the oxide substrate, the dye removal percentage decreased from 88.58 to 67.41%.
Determining the concentration of Congo red remaining after adsorption by UV-Vis
spectroscopy showed that the two-components composite of zinc oxide and carbon
quantum dots could be used for effective removal of the Congo red pollutant from the
wastewater of textile units.

Keywords: Congo red, Porous adsorbent, Carbon quantum dot, Textile effluent, Response
surface methodology
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Preparation and characterization of nickel oxide nanoparticles as
catalysts for asymmetric aldol reactions
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Abstract: Aldol condensation reactions produce photoactive beta-hydroxycarbonyl
compounds that are widely used to produce intermediates of antihypertensive drugs and
calcium antagonists. In the present study, nickel oxide nanoparticles (NiO NPs) were
synthesized as an efficient catalyst using sol-gel method for aldol reaction. The
characterization of the synthesized nanocatalyst was assessed by scanning electron
microscopy (FESEM), transmission electron microscopy (TEM), and X-ray diffraction
(XRD). The catalytic performance of nickel oxide nanoparticles in the aldol reaction was
investigated using an environmentally friendly method. In this way, nanoparticles
containing NiO center were used as a Lewis acid in asymmetric aldol reactions, and it was
found that the yield of the corresponding aldol products increased significantly. Also, the
desired catalyst can be recovered by magnetic discharge and used in successive reactions
without significant loss of efficiency. Different solvents were evaluated, among them, water
at ambient temperature had the best reaction efficiency (82%) compared to other organic
solvents. Response surface methodology (RSM) based on central composite design (CCD)
was used to optimize the experimental factors of aldol reaction and also to investigate the
interaction between parameters. Examining the results showed that at a temperature of
25 °C, the amount of catalyst of 30 mmol, and the contact time of 5 h, the highest
performance (actual value: 81%, predicted value: 80.94%) was obtained. Compared to
other studies, NiO NPs with water as an environmentally friendly solvent were able to
produce hydroxyketones with high efficiency in a shorter time.

Keywords: Aldol reaction, Heterogenous catalyst, Nickel oxide nanoparticles, Central
composite design.
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Preparation and structural and photoelectrochemical properties of
titanium dioxide/zinc oxide composites
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Abstract: Four nanocomposite samples of titanium dioxide/zinc oxide with approximate
volume percentages of 0, 3, 5, and 7 of zinc oxide were synthesized using the sol-gel
method. The success of the syntheses was confirmed by X-ray diffraction patterns.
Morphology of the prepared samples was studied by scanning electron microscope (SEM).
Properties of the samples were investigated by using UV-Vis spectrometry and
photoluminescence spectrometry. The obtained results indicated that adding zinc oxide to
titanium dioxide significantly decreased its band gap energy and substantially improved
the photoelectrochemical performance of the composites. The sample containing 5% by
volume of zinc oxide exhibited the narrowest band gap energy (3.28 eV), the lowest
photoluminescence spectrum intensity, and the lowest charge transfer resistance (80 kQ).
Additionally, this sample showed the highest stable current density (1.1 mA/cm?).
Furthermore, the superior photoelectrochemical performance of this sample compared to
the others confirmed its high efficiency.

Keywords: Water splitting, Photoelectrochemical properties, Solar hydrogen, Titanium
dioxide/zinc oxide.
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Laboratory investigation of the effect of increasing of dimethyl carbonate
on the efficiency of internal combustion engine gasoline
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Abstract: Dimethyl carbonate (DMC) has excellent properties for mixing with gasoline. In
this research, for the first time, the effect of dimethyl carbonate on gasoline as an additive
was studied and investigated. In this regard, the effect of combustion of base gasoline
(100%) and mixing ratios of 3, 6 and 9 volume percent on the engine performance and
pollution of a four-cylinder engine was investigated. Exhaust gases were measured using a
special gas analyzer. The obtained results showed that mixing DMC with gasoline did not
have a negative effect on the quality indicators of motor gasoline. The octane number of
base gasoline, engine power, and torque increased, and fuel consumption reduced. In
addition, CO, HC, NOx pollutants, and suspended particles reduced. Carbon monoxide
decreased by about 29 wt.%. The amount of hydrocarbons and nitrogen compounds showed
a significant decrease of about 50 and 73 wt.%, respectively, at different engine speeds.

Keywords: Dimethyl carbonate, Air pollution, Fuel additives, Octane number improvers,
Hydrocarbon pollutants.
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Extraction of amorphous silica mesoporous nanoparticles with high
surface area from agricultural wastes by sol-gel method
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Abstract: In recent decades, the demand for rice has increased. Therefore, a large amount
of rice husks (RHSs) is produced. Using RHs in industry can solve the problem of their
disposal as waste and prevent environmental pollution. In this research, by using the sol-gel
method, amorphous silica nanoparticles obtained from RHs with high efficiency. The
synthesized nanoparticles had a higher specific surface area, reactivity, and activity than
their conventional crystalline state. An array of analytical techniques was employed to
assess the nanoparticles thoroughly, including X-ray diffraction (XRD), Furrier transform
of infrared spectroscopy (FTIR), X-ray fluorescence (XRF), field emission scanning
electron microscopy (FESEM), energy—dispersive spectroscopy (EDS), transmission
electron microscopy (TEM), dynamic light scattering (DLS), BJH, and BET analyses. The
results showed that nanoparticles had an amorphous phase and hydroxyl functional groups
were placed on their surface. According to DLS analysis, the size distribution of
synthesized nanoparticles varied from 5 to 40 nm, and their average size was approximately
14.6 nm. In addition, the results indicated that the purity and specific surface area (SSA) of
the nanoparticles were 98.41% and 867 m2/g, respectively.

Keywords: Sol-gel, nanosilica, porous, amorphous, natural materials.
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