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Activated sludge process is one of the most widely used methods of urban wastewater treatment.
The purpose of this study is to use nanobubbles to supply oxygen to the aeration reactor in the
activated sludge process and to evaluate its performance in terms of increasing the efficiency of
wastewater treatment, reducing energy consumption, reducing the amount of excess sludge and
its impact on environmental factors. The results showed that the use of nano-bubble compared
to the use of macro-sized bubbles increased the concentration of dissolved oxygen in the aeration
reactor up to 3 mg/liter, 18% reduction in energy consumption, 10% reduction in the initial
investment in the construction of the wastewater treatment plant. 15% reduction in operating
costs of the sewage treatment plant. Increasing the efficiency of removing organic pollutants and
reducing the hydraulic retention time in the aeration system, reducing the size of the treatment
plant by 10% due to the increase in the efficiency of removing organic substances, and as a
result, reducing the hydraulic time and reducing the same amount of land for the construction of
the aeration reactor and facilities for the production and distribution of air in the aeration reactor.
The presented model, which is obtained by using nano-bubbles in the aeration process of
bioreactors, is very effective as a new and innovative technology in preserving, cleaning, and
sustaining the environment.
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Extended Summary

Introduction

In the field of wastewater treatment, suspended growth processes play a crucial role in the purification of wastewater.
These processes involve the use of appropriate mixing methods to keep microorganisms responsible for purification
suspended in the liquid. While many suspended growth processes used in urban and industrial wastewater treatment rely
on high dissolved oxygen concentration (aerobic processes), there are also cases where anaerobic suspended growth
reactors, without the presence of oxygen, are employed. This is particularly true for treating industrial wastewater with a
high concentration of organic substances or organic sludge. Among the various suspended growth processes, the activated
sludge process is the most commonly used method for urban wastewater treatment.

Materials and methods

In this study, the comprehensive and detailed application of nanobubbles in biological processes has been investigated
based on years of experience in operating municipal and industrial wastewater treatment plants and observing the main
issue in aerobic reactors, which is the lack of dissolved oxygen. According to the definition of microbubbles, bubbles
with dimensions ranging from 10 to 50 micrometers, and nanobubbles, bubbles with dimensions smaller than 200 nm,
have been considered. Microscale bubbles, especially nanobubbles, possess distinctive properties such as low floating
velocity conforming to Stokes' law in microbubbles and Brownian motion in nanobubbles, long bubble retention time in
the fluid, oxidizing capability, negative zeta potential, high gas transfer and dissolution in the fluid, an extremely high
surface-to-volume ratio for microscale bubbles, high diffusion and completely random motion, as well as the presence of
negative OH ions on the bubble surface.

Moreover, the use of gases other than air in the production of micro-nano bubbles and their physical properties in both
aqueous and non-aqueous fluids still require extensive interdisciplinary research. The unique properties of nanobubbles
make them highly applicable in various industries. Therefore, the development of nanobubble technology, advanced
nanobubble identification techniques, highly efficient gas-liquid mixing methods, and their industrial and medical
applications have become one of the most important areas of interdisciplinary and applied research.

It is worth mentioning that the production of microscale bubbles is carried out through various methods, including
cavitation, vortex pumps, and the use of porous ceramic pipes. Among these methods, cavitation, vortex pumps, and
ceramic porous pipes are currently important and widely used approaches for producing nanobubbles.

Results and Discussion
All the parameters studied in this research were based on the Standard Methods for the Examination of Water and
Wastewater.

Pilot performance results in providing dissolved oxygen (DO) to aeration reactors:

Pilot Performance Results in Providing Dissolved Oxygen (DO) to Aeration Reactors

The long lifespan of nanobubbles in water, combined with their larger interface surface area, enhances the mass transfer
coefficient of oxygen from the bubbles to the liquid phase, resulting in increased oxygen solubility. In other words,
nanobubbles significantly enhance the oxygen transfer capacity compared to conventional aeration systems. The results
clearly demonstrate a substantial increase in the dissolved oxygen concentration in aeration reactor number 2 (nanobubble
pilot).

Pilot performance results in BOD5 removal:

The significant increase in dissolved oxygen concentration within the aeration reactor, facilitated by the presence of
nanobubbles, creates favorable conditions for microbial activity and promotes the consumption of organic materials.
Additionally, the collapse of nanobubbles generates free radicals, which contribute to the decomposition of organic
substances. Consequently, a substantial improvement in BOD5 removal efficiency is observed.

The results of pilot performance in removing COD:

The introduction of nanobubbles through air injection into the aeration reactor leads to an increase in dissolved oxygen
concentration. This rise in oxygen availability supports the growth and activity of microorganisms, resulting in improved
pollution removal efficiency. The collapse of pollutants is primarily attributed to the production of free radicals by
nanobubbles. When free radicals are generated, recalcitrant components of the pollutants degrade, making them more
accessible for microorganisms. Consequently, the percentage of pollutant removal and wastewater treatment efficiency
are enhanced.

The findings discussed above highlight the positive impact of utilizing nanobubbles in wastewater treatment, particularly
in terms of dissolved oxygen supply, BOD5 removal, and COD reduction. These outcomes align with previous studies
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and reinforce the notion that nanobubble technology can be an effective approach for enhancing the efficiency of industrial
wastewater treatment processes and reducing the levels of organic pollutants.

Conclusion

The pilot system used in this study was designed and implemented at a semi-industrial scale. As a result, the obtained
results are more realistic and applicable to real-sized treatment plants, making them more reliable for use in articles and
the design of treatment facilities. The obtained results have undergone rigorous filtration and validation. Multiple
measurements were conducted using different methods and equipment, and comparisons were made with the aeration
method using a blower. This process enhances the reliability of the results. One of the important advantages of using
nanobubble in wastewater treatment is the reduction of electrical energy consumption by about 50% compared to other
methods in the aeration sector. This will reduce the production of greenhouse gases. One of the significant advantages of
utilizing nanobubbles in wastewater treatment is the substantial reduction in electrical energy consumption, up to 50%,
compared to other aeration methods. This reduction contributes to a decrease in greenhouse gas emissions. Laboratory
analyses and examination of the BOD5 and COD concentrations in the influent and effluent of the pilot system
demonstrated a remarkable removal efficiency of approximately 95%. The measurement of dissolved oxygen (DO) serves
as an essential indicator in wastewater treatment processes, reflecting the efficiency of the air production and distribution
system. In this pilot study, it was observed that the dissolved oxygen supply can be easily adjusted and maintained at a
DO level of up to 3 mg/liter.

In conclusion, the findings of this study highlight the effectiveness of using nanobubbles in wastewater treatment, offering
benefits such as enhanced removal efficiencies, reduced energy consumption, and improved dissolved oxygen levels.
These outcomes support the potential application of nanobubble technology in the design and optimization of wastewater
treatment plants, leading to improved environmental sustainability.
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¥ MLSS (Mixed Liquid Suspended Solid)

*MLVSS (Mixed liquid volatile suspended solids)
° Biological Oxygen Demand (BOD)
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v Nano-pipe
A Chemical Oxygen Demand (COD)
a Biofilm
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10 Nano-bubble specification

11 AFM, Atomic Force Microscopy

12 X-ray spectroscope

13 Particle Size Analyzer

14Taping Mode Atomic Microscopy Force
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15 Internal pressure of nanobubbles
s Oxygen transfer rate
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