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Nanobubble Technology in
wastewater treatment

Enhancing Efficiency Across the Wastewater Treatment Process.

This document outlines nanobubble technology and its
application in wastewater treatment. It explains how
nanobubbles alter water’s physicochemical properties,
particularly gas-liquid interactions, to improve process (/J Improved Gas Transfer Efficiency
efficiency and stability. Nanobubbles are positioned as a
process-intensification tool that enhances existing
treatment systems without replacing them.
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@ Consistent Performance

Challenges in Conventional Wastewater Treatment

Wastewater treatment processes rely heavily on gas-liquid interactions, particularly for
aeration, flotation, and biological treatment. Conventional systems often face limitations such
as:

1.Inefficient gas dissolution and rapid bubble escape
2.Non-uniform dissolved oxygen distribution

3.High energy demand for aeration and mixing

4.Formation of anaerobic microzones and process instability

These challenges arise largely from the physical behavior of conventional macro- and
microbubbles, which have high buoyancy, short residence times, and limited interaction with
the bulk water phase.

Solution: Nanobubble Pretreatment

Nanobubbles are ultra-fine gas bubbles,
typically below one micrometer in diameter,
that remain stably suspended in water for
extended periods. Due to their nanoscale size,
they exhibit negligible buoyancy and move
through the liquid via Brownian motion.

Nanobubbles possess distinct physicochemical
characteristics, including high surface areaq, ;

surface charge, and long residence time, which LARGER BUBBLES NANOBUBBLES
differentiate them from conventional bubbles
and influence how gases behave in water.

Larger bubbles rise to Manobubbles are stable, neutral
the surface and burst remain suspended and disperse
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Why Nanobubbles Are Relevant

Nanobubbles influence wastewater treatment not by direct treatment action, but by

modifying the physicochemical environment of water.

By changing gas solubility,

distribution, and interfacial behavior, nanobubbles create conditions that allow existing
treatment processes to operate more efficiently and uniformly.

Physicochemical Effects of Nanobubbles in Water

Nanobubbles alter water behavior at a fundamental level, leading to process-wide benefits:
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Due to their low buoyancy and long stability, nanobubbles
remain suspended in water for extended durations. This
increases the effective residence time of gases such as oxygen,
improving gas availability throughout the treatment volume.

Increased Gas-Liquid The extremely small size of nanobubbles results in a very large

Interfacial Area

cumulative gas-liquid surface area. This enhances mass transfer
interactions between gas and water without increasing airflow
or energy input.


https://pdf.sciencedirectassets.com/271768/1-s2.0-S0043135423X00165/1-s2.0-S0043135423010539/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEK%2F%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJIMEYCIQC4VFYk5ZBELzr%2BumAIM6e%2Bw%2FrIpNxjqLRizPCUDb3VbAIhAOwZXT3CckY0lQtf0%2BMgMZDJ3chBIoAXK67F5D8Y09pZKrwFCKj%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEQBRoMMDU5MDAzNTQ2ODY1IgzQxO8OY5Tdh8LSvbIqkAUpFmSWev6cOqVm%2B94eay%2BpMuQpR%2Bmp%2Bb%2FC2z4lSNVmpJGDpdUfoH1fQ6Qh1WkmAtHTm9UttP95xxuwzChYDZJGvT5brVdRU2hq%2Fttb992jjqIugwyOc5k74Ht66I5f2%2Fa3WzfIstx3ebwMJvrSaIguwJnZ9b8URwPa945m5Nv5lAj9jYCceU81fuYXiACs1wDsoKf2O4inbgWhYTKmLkAq2AAclz6FTWk8%2BLAmm2kGjZTOfVvDCcXXPuhBoQDrRFyVkoGd7aZKRrtQ71WqsnfbfiintXt3VkY704D8xw6ehdgsJSQzDXk%2B%2BTDJn9t0gdHvW4sp0YOyb4%2FO%2FmbrsyB4A7jCbpVRJZKDDy2CnoLSjiT17XO1eFo5DA1HMzcx6lcXRQmBgoYQNDZt1NZ8zNSd844nwuq5jNa8vqjmTifJUSrwhdOQBTcd1epnl0cwChDjEks3tjDQARsLHOGM8McJyoF5oLBuJgztcO4JhbsFVAbM8QzI9ezR4Ouo0ia1cE%2FgtrtZNvYjzQ9Vx1Nbmuv4xZjglFJATpP6dTDuCg0nEbqEu%2BCjWaZdazOzdbuDrT9ksw%2BT%2Bpu%2FIe6BQnepUod6n1QttOVjwCtVN6ajtEIzu%2Byo6xxJQxmqpncvGiFGRhWIM5miDCiyjpGmxZozMWl8uoqgrasVGGZwPFf3LkyNeDAZ%2BncQPUhgoOSCLi06WbRLh1uaSlWFYcHmfIk3ZgTK3tbIXIDjkJXnIakq3FikcJvLzyz%2BjgJzzmfAqKeKcm3edalSNEFKmqaaVdqsOSxHHXbHRKmbDI3K5iqlX1CkBTgjEr%2B3k%2BcwNJtFKfPBbBoe8BZUO0M4ZmBMTNn7Ld%2FN5iInwWb3gcUHikIyUNHqgDCFpYXDBjqwASV7puKcMczmE8M1DofbBTvI5XXzQ1dkhkya18k%2BJgGh9zD0qzlPnmi0D7Xy5sTux9XJaBN3uTor3fMan3UnNJwBkCwQHnll6xBxNjZ4u5xkY0y4AIwVbNEc9VP9TN1TsxSHSexzsnAQireOMaU30FTetMYUuwdEHb1VqbqytKmsfBbTs4eZPt%2B6wmj2an9Ak1618vv2yOHQIgB3u2YqyDjRQifK30bf3hIa5gpRq4dr&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20250629T153729Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYZAKPS2JI%2F20250629%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=c7e0274375bfeee495059645d7fe6fc98971f879cd067e05f8fd62de7e4f4551&hash=63e73cfc6b874dbc7cec5ca67f1241ea671f4247808cf094f893d6a7fb9e5ac8&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0043135423010539&tid=spdf-7301d35e-421a-4d6a-aa86-5d1805c2cbe6&sid=9c446f8147608045127be534d13178277642gxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&rh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=13085f5252525a54575550&rr=957681646c9c5994&cc=in

yYNanoKriti

NANOBUBBLE TECHNOLOGY www.nanokriti.com

Surface Charge and
Electrochemical
Effects

Uniform Gas
Distribution

Nanobubbles typically carry a surface charge, which affects ion
distribution and interfacial interactions in water. This surface
activity influences how gases, dissolved compounds, and
suspended particles interact within the treatment system.

Nanobubbles disperse evenly through the water column via
Brownian motion, reducing gradients in dissolved gas
concentration and supporting more uniform process conditions.
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Role of Nanobubbles in Improving Process Efficiency

By modifying the physicochemical properties of water, nanobubbles support process
efficiency across wastewater treatment systems:

» Improved utilization of supplied gases
» More stable dissolved oxygen profiles
» Reduced dependence on excessive aeration or mechanical mixing

) 2 Improved consistency of biological and physicochemical processes

These effects occur at a system level rather than at a single treatment unit, enabling
incremental improvements across the treatment train.

Integration into Wastewater Treatment Systems

Nanobubble systems can be integrated at multiple points within wastewater treatment
infrastructure, including:

» Equalization and balancing tanks

» Aeration basins and biological reactors

®» Flotation and clarification units

> Tertiary polishing and advanced treatment stages

How Nanobubbles Are Installed

Nanokriti Nanobubble generators are typically installed in inline or sidestream
configurations. They can operate alongside existing blowers, diffusers, and pumps without
requiring major civil modifications. Strategic placement allows nanobubble-conditioned
water to influence downstream processes.

Process-Level Perspective

Nanobubble technology should be viewed as a process intensification tool. By altering how
water holds and interacts with gases, nanobubbles improve the operating environment of
wastewater treatment systems, enabling conventional processes to operate more efficiently
under the same hydraulic and loading conditions.

Rather than focusing on isolated performance metrics, the value of nanobubbles lies in their
ability to enhance process stability, efficiency, and robustness by modifying water's
physicochemical properties.
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