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Introduction to Aqueous Ozone

What Is Aqueous Ozone Cleaning?

Aqueous ozone cleaning is a cutting-edge method that utilises
the potent oxidising properties of ozone (O3) dissolved in
water to clean, disinfect, and deodorise surfaces, water,

and air. This environmentally friendly technology harnesses
the power of ozone, a naturally occurring gas in the Earth's
atmosphere, to break down contaminants, pathogens, and
odours at a molecular level.

Definition and Basic Principle of Operation

Ozone is created when oxygen molecules (O2) are exposed
to electrical energy or ultraviolet light, causing them to split
into individual oxygen atoms. These atoms then combine with
other oxygen molecules to form ozone. In aqueous ozone
cleaning systems, ozone gas is infused into water, creating

a solution that can effectively oxidise organic and inorganic
matter on contact. This process results in the breakdown of
pollutants, leaving behind oxygen and water as by-products,
making it a safe, residue-free cleaning solution.

Evolution of Technology

Ozone disinfection has been used since the 1800s, with its
first major use in water treatment in France. It's now used in
many areas, such as healthcare, food processing, and the
environment. Aqueous ozone cleaning is a new technology
that uses ozone's powerful disinfection properties in a
convenient form. Innovations in ozone generation, energy
efficiency, and solution stability have made aqueous ozone
more widely available for both commercial and home use.
ozone cleaning is likely to become more popular in the future,
becoming an important part of cleaning technologies.




Ozone dissolved in water, known as aqueous ozone, is a
powerful disinfectant for surfaces, water, and air. It works by
releasing oxygen molecules that attack the cells of bacteria,
viruses, and other germs, damaging them and preventing their
growth or survival.

Ozone's ability to penetrate cell walls allows it to disrupt

the vital functions of micro-organisms. It oxidises cellular
components like lipids and proteins, damaging cell structures
and leading to cell death. Unlike many disinfectants that can
lead to resistant strains, ozone's wide-ranging effectiveness
makes it difficult for pathogens to develop resistance against it.

Conventional chemical disinfectants like chlorine and quats
have been common, but their use is under fire because
they can leave toxic residues, harm the environment, and
create resistant microbes. But aqueous ozone is a promising
alternative with its benefits:

- No Toxic Residues - Ozone breaks down into oxygen,
eliminating any toxic leftovers that could harm health or need
additional clean-up.

- Environmental Sustainability - As a green disinfectant, water-
based ozone minimises the chemicals released into the
environment.

- Efficacy Against Resistant Strains - Ozone's unique action
against pathogens minimises the emergence of resistant
strains.
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Ozone is an extremely strong agent for oxidising, coming
only after fluorine in its ability to combat and remove
harmful substances. This potent nature makes it highly
effective in cleaning and disinfection tasks.

Ozone's ability to remove pollutants, germs, and odours
is due to its unique structure. It has three oxygen atoms,
and during reactions, it donates one of these atoms. This
donation breaks down the harmful substances, and the
remaining oxygen molecule is harmless, posing no risk to
the environment or human well-being.

Despite the widespread use of Bromine and Chlorine as
disinfectants, they have drawbacks due to the production
of harmful substances known as THMs and HAAs. These
by-products have been linked to adverse health effects. As
an alternative, aqueous ozone provides several benefits:

« No Harmful Bi-products — Using ozone prevents the
creation of dangerous chemicals, greatly reducing the
likelihood of polluting the air and water.

« Broader Spectrum of Efficacy — Ozone can effectively
break down a broader spectrum of contaminants, even
those that resist Chlorine or Bromine.

« Rapid Action - Ozone works faster than most traditional
disinfectants, leading to quicker treatment time and
enhanced efficiency.
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Environmental and Safety Benefits

Concerns over the environmental impact of cleaning and
disinfection methods are on the rise. Aqueous ozone solves
this issue by offering an effective and environmentally friendly
approach.

+ Reduced Chemical Use - Ozone replaces chemical
disinfectants, reducing the amount of chemicals released into
the environment.

« Safety for Users and Occupants - Ozone transforms back into
oxygen, eliminating harmful residues that could affect the
health of individuals exposed to treated surfaces or air.

« Water and Air Quality Improvement - Aqueous ozone
minimises the use of chemicals that can contaminate water
sources or pollute indoor air, resulting in improved water and
air quality.

Using water-based ozone for cleaning and disinfecting is
becoming more popular because it's better for the environment
and our health. It can kill germs and bacteria because it's good
at oxidising. This could change how we think about cleanliness
and hygiene in different industries.

Odour and Stain Removal

Ozone in water has both disinfecting and cleaning abilities. It
breaks down the chemicals that cause odours and stains on
different surfaces. This process results in a clean and fresh
environment without involving strong chemicals.

A Guide to Aqueous Ozone Cleaning
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Mechanism for Removing Odours and Stains

Aqueous Ozone can effectively eliminate odours and
remove stains by breaking down the chemical structure of
the molecules that cause them. As it targets organic-based
odours and stains, like those originating from food, pets,
smoke, and mould, ozone's oxidising properties effectively
decompose these molecules into simpler, smaller parts,
thereby neutralising odours and lifting stains from surfaces.

Applications

« Odour Removal — Aqueous ozone is widely used
in different places, such as commercial kitchens,
bathrooms, hospitals, and hotels, to fight stubborn
odours. It is effective because it neutralises odours right
at their source, which helps create a fresh,
clean-smelling atmosphere.

- Stain Removal - This solution has consistently been
successful in eliminating stains from various surfaces
such as carpets, furniture, and clothing. It stands out
from chemical stain removers, which can leave behind
traces or harm materials, as it effectively cleanses
without generating any detrimental residuals.

Advantages Over Traditional Methods

- Health and Safety — Safe for humans and surroundings,
replacing harmful chemicals found in odour and stain
removers.

« Environmental Impact — Supports eco-friendly cleaning
practices by reducing the use of chemicals, thus
minimising environmental damage.

- Cost-Efficiency - Eliminates the need for various
cleaning products, making aqueous ozone a versatile
and financially viable option for cleaning needs.
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Surface Contamination Removal

Using water mixed with ozone gas, aqueous ozone cleaning
offers an effective way to clean the surfaces of materials. It
removes contaminants without needing to expose the surface
to high temperatures or using harsh chemicals. This method
is particularly valuable in industries where it's crucial to have
clean surfaces, such as in the production of semiconductors
and precision engineering as well as the hospitality industry.

Process Description for Cleaning Oxide Surfaces

Aqueous ozone cleaning involves spraying surfaces with water
enriched with ozone. The ozone's strong oxidising power
immediately breaks down various contaminants, such as oils,
grime, and particles, on contact. This process not only cleans
surfaces but also primes them for further treatment or coating,
enhancing their receptiveness to subsequent processes.

Analysis with High-Temperature Annealing

Traditional methods for achieving clean oxide surfaces often
involve high-temperature annealing, which, while effective,
comes with several drawbacks:

« Energy Intensive — Processes that rely on extreme heat
demand a lot of energy, leading to increased operating
expenses and environmental harm.

+ Potential Damage to Materials — Extreme heat exposure
can mess with the properties of materials, making them
unusable for some purposes.

« Limited Application - Not all materials or components
can handle the heat, limiting where this process can be
employed.
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Future of Hygiene Practices

Leverages of Aqueous Ozone Cleaning

Ozone cleaning uses ozone's natural cleaning and
germ-killing properties to achieve excellent cleaning results.
When ozone comes into contact with water and dirt, it
creates reactive oxygen molecules that effectively clean and
disinfect surfaces.

Generation of Reactive Oxygen Species (ROS)

When aqueous ozone interacts with impurities, it triggers
reactions that produce reactive oxygen species (ROS), like
hydroxyl radicals. These ROS are remarkably potent and
can break down a variety of substances, such as germs,
viruses, fungi, and even chemical pollutants. The swiftness
at which ROS react with impurities makes aqueous ozone an
extremely efficient disinfectant.

Application Across Industries

« Water Treatment — Aqueous Ozone cleans up drinking
water by killing germs. This makes the water safer and
cleaner.

« Food Processing — Aqueous ozone is used in the food
industry to clean equipment, surfaces, and food itself.
This helps prevent food from getting contaminated and
spoiling quickly.

« Healthcare Facilities - AQueous ozone is great for
disinfecting hospitals and clinics because it kills germs
very effectively. This helps prevent the spread of
infections.




Aqueous ozone cleaning stands out not only for its
effectiveness in disinfection and cleanliness but also for its
minimal environmental impact. This method aligns with the
growing global emphasis on sustainability and environmental
stewardship in both industrial and residential settings.

Aqueous ozone cleaning offers significant environmental
advantages by reducing or eliminating the use of harmful
chemical cleaners. Traditional cleaning agents contain harsh
chemicals that contribute to indoor and water pollution, posing
risks to human health and the environment. AqQueous ozone
cleaning uses ozone, a substance that naturally decomposes
into oxygen and water, to replace these chemicals. This
approach minimises the release of harmful pollutants, such as
volatile organic compounds (VOCs), into the environment.

The effectiveness and safety of using ozone in water treatment
help in conserving water. Since ozone doesn't leave harmful
residues, water used in cleaning doesn't need much treatment
before it can be reused or released into the environment safely.
This is especially helpful in areas with limited water resources,
where it's crucial to maximise the reuse of water.
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The adoption of aqueous ozone technology supports
broader sustainability goals by:

« Reduced Chemical Expenditures — Aqueous ozone
cleaning lessens the need for chemically intensive
cleaning methods, lowering the carbon emissions caused
by producing, transporting, and disposing of these
chemicals.

- Energy Efficiency - Businesses using aqueous ozone
cleaning showcase their commitment to the environment,
attracting customers and stakeholders who prioritise
sustainability.

« Extended Equipment Life - Besides environmental
advantages, the decline in harsh chemical use also
benefits public health. It reduces exposure to allergens
and irritants frequently present in traditional cleaning
methods.

In a nutshell, aqueous ozone cleaning's eco-friendly nature
shows how it could change how we clean and disinfect. By
giving us a powerful, safe, and green option to

chemical-based cleaning, aqueous ozone cleaning is a big
step forward in our work to keep the environment healthy.

"
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Cost Savings @
Using aqueous ozone for cleaning provides not only - {

environmental and health advantages but also significant
cost savings compared to conventional cleaning approaches.
These savings are achieved due to several factors, such as
lower chemical consumption, reduced energy usage and
decreased labour expenses.

Optimisation of Wet Chemical Cleaning Processes

In fields like microelectronics, where accuracy and hygiene

are vital, using aqueous ozone enhances wet chemical
cleaning processes. This improvement results from the efficient
elimination of organic and inorganic residues, negating the
requirement for multiple chemical treatments or the
power-demanding processes typically found in traditional
cleaning approaches.

« Reduced Chemical Expenditures - By using ozone instead
of expensive chemicals, you can save money on supplies as
ozone is made on-site from air and electricity.

- Energy Efficiency - Aqueous ozone cleaning doesn't require
heating like other cleaning methods. This saves energy and
lowers costs.

« Extended Equipment Life - Aqueous ozone is non-corrosive,
which means it's gentle on your cleaning equipment and the
surfaces you're cleaning. This reduces the need for repairs
and replacement, saving you money in the long run.

Economic Analysis

Studies and real-world applications show that cleaning

with aqueous ozone can save money. For instance, in the
microelectronics field, businesses have claimed up to a 50%
drop in cleaning costs when using agueous ozone systems.
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Ozone-infused water cleaning has become a game-changer in
the world of cleaning and disinfection. Using ozone's powerful
oxidising abilities, this eco-friendly method not only

eradicates germs but also neutralises odours. It's a win-win for
our environment and our wallets. Its versatility extends to
multiple industries and environments, making it a versatile
solution for today's cleaning challenges.

Key Insights

« Efficiency and Safety — Aqueous Ozone is remarkably
effective in eliminating a variety of harmful micro-
organisms. It creates a safer environment because
ozone is non-toxic and leaves no residue, eliminating the
need for harsh chemicals.

« Environmental Impact - This technology supports
environmental goals by minimising the use of harmful
cleaning chemicals. It conserves water, contributing to
overall resource preservation efforts.

« Economic Benefits - Implementing aqueous ozone
cleaning can significantly reduce expenses. It cuts
chemical costs, lowers energy usage, and streamlines
cleaning processes, requiring less labour.

Anticipating Future Developments

The future of aqueous ozone cleaning looks promising,
driven by technological advancements, increasing
environmental awareness, and the demand for safer,

more sustainable cleaning solutions. Innovations in ozone
generation and application methods are expected to
enhance efficiency, accessibility, and affordability, expanding
its use in both commercial and residential contexts.

13



As regulatory bodies continue to emphasize the importance of environmentally
responsible practices, aqueous ozone cleaning is poised to play a pivotal role
in shaping the future of hygiene and sanitation. Furthermore, the ongoing
research into its applications and effectiveness is likely to uncover new uses
and benefits, further establishing aqueous ozone as a cornerstone of clean
technology.

Aqueous ozone is typically produced at a concentration of 0.5 to 1.0 parts per
million (ppm).

It is most effective at a pH range of 6.5 to 7.5.

Aqueous ozone is unstable and naturally breaks down into water and oxygen
after a short time.

While aqueous ozone is safe, it's important to take some precautions:

- Wear gloves and eye protection when handling aqueous ozone to prevent
skin and eye irritation.

- Use it in well-ventilated areas to minimize respiratory irritation.

- Avoid direct inhalation of ozone gas.

- Properly dispose of unused aqueous ozone according to local regulations.

Aqueous ozone is a powerful tool for maintaining clean and sanitised facilities
while contributing to a healthier environment and a more sustainable future.
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