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ABSTRACT

A novel air scrubbing technology using a misting application and water additives has
successfully demonstrated the capability of scrubbing H2S at a water treatment plant. The air
scrubber design utilises a solution of potable water and a water additive that exploits chemical

surfactant technology as the scrubbing agent.

The air scrubber equipment is modular in design, so that its performance can be tailored to
the application in the testing environment. The modularity aspect allows for customisation to
benefit the technology in high and low pollutant concentrations and with a range of air volume
flow rates. The design allows for retrofit in existing systems for air scrubbing, and can be used

in series or parallel for increased flow rate and removal efficiency.

The technology of surfactant induced absorption with water is able to be studied by the ability
to vary the water flow rate to a rotary atomiser, and alter the exposure time of water droplets

to polluted air streams over a range of air flow rates, of 5 seconds exposure and above.

The testing site proved to be a challenging area to utilise for the research, with the fluctuating
properties of the pollutant gas streams, the multiple gas species and by-products present, and

changing environmental factors.

The first test results of air scrubbing was observed at an air flow rate of 1000 m?3 per hour, with
200 litres per hour of water and scrubbing additive at a concentration of 1.25%. The obtained
absorption efficiency was 21.9%, where the polluted gas at the inlet had a concentration of
H2S in excess of 2000 PPM.

Further tests of the air scrubber resulted in removal efficiency performances of 55% where the
inlet H2S concentration was at 500 PPM. The scrubbing additive was reduced to a 0.5%

concentration into 200 litres per hour of water, and an air flow rate of 2000 m?2 per hour.

Despite the low H2S removal efficiency calculated in the testing of the design, considerable
efficiency gains can be made by optimising several features. These would include
improvements in sealing joints between parts in the modular design, improving the atomisation
method and reaction chamber to further prolong the water droplet lifespan increasing
absorption capacity, and research and testing to the effects on surfactant additives and
concentrations for increased absorption efficiency. This project has shown promising results,
highlighted areas for further analysis, and testing should be performed to further validate the

efficacy of the technology and the design.
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GLOSSARY
OEM - Original Equipment Manufacturer

CAD — Computer Aided Design

CAE - Computer Aided Engineering
CMC - Critical Micelle Concentration
FEA — Finite Element Analysis

DFM — Design for Manufacture

DFA — Design for Assembly

FMEA — Failure Mode Effect Analysis
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CHAPTER 1 - Introduction

1.1. Introduction Brief

There are many places of industry, enclosed inhabited buildings and agriculture in the world
that demand clean air, although they can continually produce pollution in the form of airborne
particulates, gasses, bacteria and viruses. Depending on the source of the pollution, being
either organic or inorganic, some can have damaging effects to the environment, humans and
living things. The pollutants can be odorous and toxic to life, which can aggravate and affect
local inhabitants to the sites creating the pollution. (1-6) The risk of potential danger or public
nuisance means there is a demand for air scrubbing technology, to remove these particles

and gasses, before reintroducing the air into the environment or back into sites. (7-9,11)

Air Scrubbers are designed to remove microscopic particulates in the air and gasses, for the
safe disposure as a waste stream. The polluting gasses in the air can be reacted with
chemicals inside the air scrubber system to be neutralised and or separated for it to be

removed from the atmosphere.

The design and selections of an air scrubber system can remove a virtually infinite number of
different particles and gasses by using various filtration methods and technologies available.
One or more air scrubbing units can be used in conjunction with several other air scrubbing
units with differing technologies, to create an overall system that provides an efficiency of

pollutant removal required for the application or problem. (4,8,12)

The air scrubbing technologies used in industry can often be of high expense in a number of
ways, such as; for the hardware and infrastructure, the cost of operating the equipment
including consumables, the maintenance and servicing, and the cost of disposing the collected
waste material as trade effluent. All of these costs should be tried to be kept to a minimum as
the customer aims to minimise process costs for equipment that is not going to be a revenue

generating output in their manufacturing process.

This research project has been run in conjunction with APPS UK Ltd. and The University of
Hertfordshire’s School of Physics, Engineering and Computer Science, in a Knowledge
Transfer Partnership with Innovate UK. The project has brought numerous benefits to the
University and APPS UK Ltd.
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1.2. Airborne Particulates

Particles that are small enough to be suspended in air are said to become airborne. The
particulates that require removal come from a wide array of sources. Natural sources include
dust, pollen, volcanic material, sea spray, and more. Most unnatural sources come from
processes that have an anthropogenic impact on the environment which are generally particles
emitted from the combustion of fossil fuels and other materials. Other unnatural sources are
manmade which come from industrial processes, mining, biodegradation of materials, and

more.

Particles can cause a health concern for humans and are most dangerous when the size of
them are below 10 microns in size. (1-3) The main injury of particulates is in the respiratory
system where, depending on particle shape and size, the immune defences are unable to
reject material buried deep in the lungs and therefore causing harm. Particulate matter (PM)
up to 2.5 microns (um) in size are called fine particles, and others larger are called coarse

particles.

Urban air pollution is caused mainly by the combustion of fossil fuels where the biggest current
concern being the incomplete combustion and production of soot and PM2.5 produced by

diesel emissions. (3,11)

The project is to utilise a chemical surfactant technology through testing which is used
currently as an additive in misting systems to supress dust and odours. APPS UK Ltd. have a
product that uses this technology, called Airborne 10, and it is the aim to use the technology

as the scrubbing agent in the air scrubber design.

Several misting additive products are available on the market, whose ingredients consist of a
blend of surfactants which clean the air through Surfactant Induced Absorption Technology
(SIAT). The surfactant binds to a water molecule, a similar process to that as soap, and lowers

the surface tension of water so that the absorption properties are greater than normal. (13)

The atomised water droplets are dispersed in the air and are small enough to be suspended
in the air along with any dust or organic particulates. The high affinity of the droplet allows
molecules to bind with it, and so becomes more concentrated. Any gasses will also be able to
dissolve into the droplet, such as Hz2S or COx or NOx. When the droplet becomes dense enough
due to the absorbed material, it drops out of suspension and falls to the ground, leaving much
cleaner air behind. It is a fortunate effect for allergy and Asthma sufferers that the clean air

won’t aggravate their conditions, as pollen and other particulates will also be removed.

Depending on the type of pollutant, as long as it has a low toxicity, the pollutant could be
absorbed or digested by micro-bacterium in the surrounding area on the surface the mist

droplet lands.
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1.4. Project Overview

The research project is to design and test a new air scrubber utilising a surfactant to aid in the
absorption of particulates and gases. The finished product must fulfil several aims and

objectives to be considered a success, and the design process must follow a series of criteria.

1.4.1. Aims

The key aims of the project are to:

1. Design an effective air scrubber that uses Airborne 10 as the scrubbing agent while
ensuring that the end design is realistic and can be manufactured.
2. Quantify the performance of the scrubber using theoretical modelling and analysis of

experimental data.

1.4.2. Objectives

The objectives to complete the aims are to:

1. Research and review air scrubbing technologies for dust and odour pollution.

N

Utilise and apply a modularity design approach for the air scrubber's component
layout.

Use Computer Aided Design software to realise concepts and aid manufacture.
Utilise Computational Fluid Dynamics to test and inform on design performance.

Build the air scrubber prototype with in house tools and equipment available.

o g~ w

Test and record prototype performance on site.
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1.5. Thesis Contents

The Introduction chapter has provided the background to the need for the research, explained
the goal of the project and presented the aims and objectives. The thesis consists of 6 chapters
in total. Chapter 1 — Introduction. Chapter 2 — Literature Review, and research as to what is
currently out there in the world for air scrubber technology. Chapter 3 — Methodology, to
understand what the requirements are for this project. Chapter 4 — Design, to look at the
chosen concept air scrubber and the stages of manufacture. Chapter 5 — Testing and Results,
to analyse the experimental testing and performance data. Chapter 6 — Conclusion, look to
review all work carried out in the project, providing further dissection and further work to be

carried out for future projects.

This project envisions a unique air scrubbing system with the potential to change and
challenge future new build specifications for use in licenced industrial settings where treatment
of dusts, odours and harmful pollutants is required. The technology could provide a new
solution to the industry with a low energy and low cost running of equipment, with the potential

for low toxicity effluent from the equipment depending on the pollutant being removed.

The final prototype will be tested and criticized for its benefits, and future works for

improvements.
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CHAPTER 2 — Literature Review

2.1. Literature Review Summary

The project will involve researching into all aspects of the air scrubber’s operation so that each
technology can be fully understood for the hope to optimise and maximise the scrubbing
efficiency when in operation. This will include investigations of; the chemistry of pollutants that
would be expected to be treated in everyday environments, the action of gas capture by
misting droplets, the chemistry of scrubbing water enhancing additives, the technologies
available in misting applications to perform the scrubbing action, and the technologies
available to measure gas pollution concentrations. Although due to the infinitely complex
nature of pollution and pollution abatement and capture, there are some elements that cannot
be included in this review, however the main issues that will be relevant to the air scrubber are

included in this chapter.

Within this chapter the selection of the best available technology will be done for the scrubbing

additive to be used in the project.

2.2. Air Scrubber Technologies

There are many different types of technologies available to choose from in the air scrubbing
industry, with each technology group having different methods to perform the air cleaning
generation a range of efficiencies. The technologies vary from filters made of fine fibres or
organic materials, biological organisms in a medium, or mixes of acid and alkali liquids reacted
in vessels through polluted air flow streams. There are many benefits and disadvantages that
come with each type of technology, and so the air scrubbing product should be chosen
depending on what the pollutant is for each situation, and to limit and understand the negatives

to the technology selected. (14)
Requirements for the selection of the best available technology should include;

e Having an optimised system to minimise the cost of consumables and operating cost
of the machinery,

e Chemical selection for removing the pollutant so to avoid the need for secondary and
tertiary reactions,

e The lifespan of the machinery, for prolonging the equipment life,

e The maintenance of the equipment, and service intervals,

e The machinery’s efficiency of air scrubbing for the situation, to conform to gas and

particulate emission regulations.
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e The environmental impact from waste, power consumption, and unwanted output from
running,
e The space required for the machinery and support equipment to be as minimal as

possible.

When selecting and designing the infrastructure and plant equipment for abating the pollutant,
a combination of technologies can also be used in series, to utilise the benefits of each and
increase the overall efficiency of a system.

2.2.1. Mechanical Air Scrubbers

The dry bed air scrubber type is named as they do not require any reactants or reagents in
liquid or gaseous form to remove pollutants. Primarily mechanical air separators are only used
for solid pollutants, as they have low efficiency at filtering gasses. The removal and separation
are generally performed by a mechanical means. Examples of mechanical air scrubbers are;

electrostatic separators, gravity settlers, centrifugal separators, and filter bag separators.

Electrostatic separators operate through inducing a charge on particulates through high
voltage equipment. The ionised particles are then able to be removed through magnetic

attraction or repulsion, leaving a filtered air stream.

Gravity settlers are large container vessels which utilise gravity to take the entrained solid

pollutant from the air stream, and the solid settles to the bottom to be collected.

Centrifugal separation is performed by forcing the polluted air through a cyclonic separator or
other similar device. The airflow is made to pass at speed in a helical type pattern around a
cylindrical container where the entry is tangential to the wall and exit in the container’s upper
axis. The centrifugal forces on solids as they rotate around the walls of the container means
that they collect and are not able to exit the outlet in the centre. The solids are then deposited
at the bottom of the cyclone aided by gravity.

Filter Bag Separators are usually found as metal grids or fine meshes in the shape of a
cylindrical bag. Polluted air would then be forced through these bags where solids would
collect on the bag’s body, as the air gaps or holes are too small for solids to pass through. The

bags will clog up and require regular maintenance for efficiency and performance.
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2.2.2. Wet air scrubbers

Wet air scrubbers are so called as they use a liquid medium as a scrubbing agent, with
chemical and non-chemical solutions such as strong or dilute acids and alkalis or use water
with a chemical mix. The two main examples of wet air scrubbers are Packed Bed scrubbers
and Venturi scrubbers. The polluted air streams will enter a reactor vessel and be forced to
flow through the fluid to exit. The vessel will be continually fed with a recirculated scrubbing
fluid stream to continue the process. The vessel is usually full of a packing material designed
specifically for increasing turbulence for the air stream so to make smaller bubbles and
maximise the surface area for scrubbing reactions to work. The scrubbing liquid can be treated
through part of a recirculation cycle, so that the performance of the system is within a desired

range.

Venturi air scrubbers work by forcing the polluted air through a Venturi throat along with the
scrubbing liquid. The Venturi throat is shaped to increase the air flow speed and lower the
pressure through the small opening. This makes the liquid mix with the air in a very turbulent
fashion, breaking up the liquid into small droplets and increasing the surface area for scrubbing
absorbance. The air can then be removed from the scrubbing vessel. A diagram of a Venturi

and Packed Bed Scrubber can be seen in Figure 2-1.

This mixing happens quite quickly, and for the reacted air to exit it must then be separated
from the liquid or dried. A packed bed separator is quite common to be used for this process

and is part of the diagram for the Venturi Scrubber in Figure 2-1.

The drying of the air is important as the pollutants should be captured by the scrubbing fluid.
If the fluid were to leave with the treated air, then there is a high chance for the air to be

polluted again or reintroduce a new pollutant that of the scrubbing liquid.
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Figure 2-1 Venturi and packed bed air scrubber (11)
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2.2.3. Dry Air Scrubbers

Dry air scrubbers are a technology very similar to wet air scrubbers however they are more
primarily used for air streams of a higher temperature, such as metal refineries or power
generation. These air scrubbers utilise bespoke chemical reagents to react with the specific

pollutants in the air stream, which can be solid particles or gaseous.

2.2.4. Biological air scrubbers

A Bio-filter can be used as an air scrubber, where a polluted air stream is made to pass through
a container housing a live cultivation of appropriately selected bacteria to digest the pollutant,
leaving clean unpolluted air to the atmosphere. The pollution must be of a gaseous nature as
solids are not as easy to remove in this method. The bacteria in the vessel are held generally
in a soil substrate where they are continually fed food via the pollutant, water, and warmth to
keep the colony alive. Regular monitoring and maintenance are required as if the bacterial
colony were to die, a new one would have to be introduced which would involve the

replacement of the soil substrate.

Figure 2-2 shows how similar a Bio-Scrubber can compare to a wet scrubber, however the
scrubbing media is a porous solid mix of media. The diagram references two types of bacteria;
Heterotrophic and Autotrophic. The selection of bacteria to introduce should be done
specifically to what the pollutant is and what other composition of gasses are within the air to
be treated, in order to make the process as efficient as possible and for maximising the
longevity of the bacteria. The Autotrophic Bacteria is a family whereby they can generate their
own food from carbon and organic compounds in the air. Heterotrophic bacteria are a family

whereby they digest other living bacteria.
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Figure 2-2 Schematic presentation of the operation of a bio-trickling filter (12)
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2.2.5. Activated Carbon

The activated carbon filters are formed pellets of burnt wood resembling charcoal consistency.
The common wood used is coconut shells for its resulting properties in this application. The
microstructure of activated carbon has a vast number of fissures, fractures, and a very low
density, which means there is a very high surface area to weight ratio with the material. The
benefit of this is that very small solids are able to enter the microstructure and get trapped
inside. The chemistry of the carbon with it having gone through partial combustion means that
chemically it is relatively reactive, and therefore can chemically bond to organic gasses and
solids that it contacts with. This means that the activated carbon acts as a very porous but

efficient filter for solid matter and gasses.

These air scrubbers can be stand-alone units, or in an industrial setting, are used in series
with other scrubber technologies. The activated carbon granules to be effective are packed
tightly a container so that air must be forced to go through it. These containers are commonly
seen as a removable cartridge design, or either a packed bed column for a more continuous

flow situation.

The problem of these filters, biological agents and chemical mixes is that they carry a high
expense, require regular replacement, and can have a damaging effect on the environment or
carry a high cost for disposal of waste. An example of which is a packed bed scrubber where

the packing material will require regular replacement after removing contaminants.

The difference to other air scrubbers for this project, is that the surfactant water solution mix
is the scrubbing agent and so no filters or bio-matter will be required in the process. The mix
of particulates and gasses trapped in the water droplets will be collected and sent for
treatment. Depending on what is the contaminant being removed from dirty air is, the waste
can be sent for disposal on; green belt lands, fields, sewage treatment plants, or chemical

disposal.

2.3. Misting Technology

Misting Technology can be used as a highly effective, versatile, low-cost method for dust and
odour abatement, along with being good for humidification and cooling applications. (15,16)
The technology used in air scrubbing can be categorised as a type of wet scrubber due to a
liquid being involved to clean a volume of air. Some air pollution abatement companies have
built products using water based misting systems as suppressive instruments tailored to serve
in multi-purpose portable situations. There are several suppliers in the UK and many more
internationally providing products with misting as the method of abating dust and odour. Each

company also supply their own water additives to improve the effectiveness of the product.
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Mists are created by using atomisation equipment, either through mechanical or high pressure
driven methods to break a volume of liquid down into a very high number of droplets, resulting
in an extreme increase in surface area of the liquid. The benefit to this is that the greater the
surface area is the more the liquid is in contact with the surrounding air which allows for

increased scrubbing potential.

For example; a 1 ml sphere of water has a surface area of 4.836 x 104 m2, whereas if the
same volume was atomised into 40-micron diameter droplets the resulting surface area of all
droplets would be 0.150 m2, an increase of 31000 %. In total, the 1ml volume of water would

produce 29 million 40-micron droplets, allowing a very large coverage in a volume of space.

The Figure 2-3 shows how by breaking a volume of liquid into smaller droplets creates an
increase in total surface area. The two relationships show an exponential distribution as the
smaller the droplet diameter the more droplets are created, and overall surface area increases.

The graph is referenced from a volume of 1 ml.

Mist Droplet Count and Relative Surface Area Increase

Figure 2-3 Mist droplet count and relative surface area increase

Misting technology is used similarly to how other wet scrubbers work such as spray towers or
Venturi scrubbers, however the way the technology differs brings several other advantages

and disadvantages due to how small the diameter the mist droplet is.

As shown previously by having smaller more numerous droplets a liquid is greater spread out
in a volume of space which should increase the likelihood that a pollutant can be contacted by

a mist droplet, and therefore you should have a more efficient pollution removal system.

An adverse effect to having a large surface area is that the mist droplets have an increased
contact with the air and depending on the humidity and temperature of the surroundings, this

will influence the lifetime of the droplet leading to a short life due to evaporation. Evaporation
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of droplets will be of severe detriment to air scrubbing as then a captured pollutant could be

re-released to the air.

A disadvantage to using wet scrubbing is that mist eliminators or entrainment separators are
often used to remove the additional moisture from the outlet air flows. Misting technology uses
a much finer droplet size and therefore an increased entrainment of mist is to be expected and
therefore more advanced mist eliminators should be incorporated, adding on more

disadvantages such as increased pressure drop and power usage.

Some air pollution abatement companies are offering products that utilise misting technology
to provide solutions for air scrubbing of gas and dust pollution. The technology allows for the
design of products that are portable and versatile for situations where fixed units are not

possible or not suitable.

The application for these misting products are to remove gas and dust pollution in wide
uncontained areas such as outside or an open warehouse, where a negative pressure system
is not feasible to trap and treat the pollutants. The application is to project a mist into
suspension into the polluted air stream where the mist will over time contact the pollutant and
remove it from the air, leaving unpolluted air with mist droplets carrying the pollutant. The mist

droplets can coalesce given time and fall out of suspension bringing the pollutant to the ground.

The main applications that misting products are being used are in sewage treatment works
and waste transfer sites, where a considerable amount of pollution is released in the form of
volatile gasses and particulates. These places are often situated nearby populated areas and
S0 companies must ensure that pollution consent levels and public complaints are kept as low

as possible to avoid fines and criminal prosecution.

2.4. Pollutants

Odour and dust control companies serve the air cleaning market when an induction air
scrubber, or an air scrubber where air is mechanically drawn through a cleaning system,
cannot be used effectively to remove air pollutants. Examples of these situations are generally

in areas of open spaces such as warehouses, uncovered collection chambers and open roads.
The most common treated pollutants by suppression technologies are;

e Dusts consisting of silica, biological detritus, inorganic solids, etc.

e Toxic and volatile gasses with species having odorous and non-odorous properties.

The pollutants can be split into two categories for discussion, dust and gasses, as there is a

difference as to the mechanism of removal through misting technology.

Dusts are generally minute particles broken from a larger solid that can be suspended in air

for extended periods of time through having a density close to that of air. Dusts are more
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commonly found to be silica particulates, biological detritus, or inorganic solids, although the

compositions can be infinitely complex depending on the source.

The mechanism to capture dusts is through surface wetting, where mist droplets will
accumulate onto the surface of the particle until together the solid gains enough density to
come out of suspension, i.e. be heavier than air and then fall by gravity.

Pollutant gasses can be of an infinite number of forms but can be described as very generally
anything that is in a higher concentration than that is usually observed in fresh air. The gas
mixture in air is commonly found to be 78% Nitrogen, 21% Oxygen, and 1% other gasses (17).

Some gasses can have properties giving it an odour to humans and animals being a nuisance
over time while gasses can even be harmful or toxic in certain concentrations and therefore

need to be removed before it's capable of causing damage through inhalation or contact.

Odours can be detectable in some cases in very small levels of concentration. Fowl smelling
gasses can have an immediate effect in the very small concentrations over a short term or

even a long term by having fowl smelling or even sweet smelling.

Gasses, similar to dusts, can only be absorbed when physically contacted with a mist droplet.
The absorption of a gas molecule into water is perhaps more complex as there is an interaction

between molecular charges due to the bi-polar nature of water.

A water molecule is made of one Oxygen and two Hydrogen atoms bonded through a process
of electron donation called ‘lonic Bonding’. An lonic Bond inherently means that there is a
residual charge within the molecule due to how electrons are distributed, Oxygen has a

permanent negative charge and Hydrogen has a Permanent Positive charge.

Gasses with molecular charges can be seen to be quite reactive as they are more chemically
unstable and interact closer than non-polar molecules, and most polluting gasses have this
property. They interact with each other quite readily behaving very similarly to the way
magnets do with polar properties. This is the reason that water is a very good solvent for these
polar molecules as the charges quickly dissociate and dilute into the solution. Nitrogen gas

and Oxygen gas molecules have neutral charge.

Figure 2-4 compares the solubility of various gasses in water. The chemical relationship of
each gas species can be explained as the most solute gas has the smallest molecular size
and greater interaction of charge making it easier to dissociate or mix into solution. Ammonia
is one of the most solute gasses due to it comprising of one Nitrogen atom and 4 Hydrogen

atoms bonding in a relatively small molecule with a polar positive charge of 4.
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SOLUBILITY OF GASSES IN WATER
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Figure 2-4 Solubility of gasses in water with temperature (18)
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2.5. Enhancing Misting Technology

Air scrubbing companies are engineering and manufacturing chemical additives with the aim
to maximise the air scrubbing efficiency of the misting technology by dosing the chemical into
the water mist to create a more effective scrubbing liquid. Each company has branded their
own bespoke chemical water additives to perform the objective. There are two distinct groups

for these additives which are Surfactants and Essential Oils.

2.5.1. Surfactants

A Surfactant (Surface Active Agent) is a molecule manufactured through the process of
saponification and is the main constituent of soaps. A surfactant can be one of 4 forms; Non-
lonic, Anionic, Cationic, and Amphoteric, where a representation of them can be seen in the
below image respectively. Each form has a different active functional group on the hydrophilic
end of the molecule which will have different benefits. Figure 2-5 shows simplified models of

different surfactants.
hydrophil hydrophob
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Figure 2-5 Four variations of surfactant types (19)

The hydrophobic group is usually a long chain hydrocarbon radical. This is the functional end
of the surfactant that performs the greatest adsorption as the long chain has greater interaction
with pollutant molecules and can bind with them through weak intermolecular forces called
Van Der Waals. The group itself is not polar and therefore does not mix with water hence being

called Hydrophobic (Water hating).

The hydrophilic group carries a charge through the separation of a metal atom or group usually
Sodium or Potassium. This charge permits the whole molecule to interact and mix with water
molecules. If the pollutant is also polar there may be some interaction with the Hydrophilic end

of the surfactant and therefore this will increase the absorption probability. The chemistry of
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how effective each type of surfactant is not discussed in this paper however it is to be

understood of the mechanism how surfactants operate to aid as a scrubbing chemical.

The correct concentration of how much surfactant to dose into water before misting is one that
should be thought of carefully, as the expense for using consumables when operating
equipment is the main cost throughout the product life. The most efficient proportions of water
and surfactant should be used for the optimum air scrubbing efficacy in the polluted
environment. It is therefore important to understand how surfactants interact with water in a
solution to achieve the best efficiency using concentrations of a particular surfactant for the

levels and type of pollution to be treated.

By adding surfactants to water, misting companies can improve the effectiveness of particulate
absorption through increasing the wettability of water by reducing water’s surface tension. This
means that the mist will be able to coalesce onto particulates more easily and therefore collect

a higher percentage of pollutants present.

The illustration in figure 2-6 shows the relationship and effect on water’s surface tension by
increasing surfactant concentration. The trend is such that as a surfactant is added to water
the surfactant molecules will act on the air water boundary or surface of the water, as the
hydrophobic group wishes to remain outside the water layer. The presence of the surfactant
on the water’s surface breaks down the surface tension and reduces it further as the surfactant

concentration increases.

As the surfactant concentration increases, the surface tension reaches a minimum value called
the Critical Micelle Concentration (CMC), where the surface of water has become saturated
with a maximum possible density of surfactant. Micelles are then formed within the water layer
which are collections of surfactant molecules joined up into balls oriented so that the ball
surface has hydrophilic ends and hydrophobic ends avoid contact with water by facing the

centre.
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Figure 2-6 Surface tension of water with surfactant concentration (20)

For maximum effective air scrubbing using this absorption method, a good concentration
should be near the CMC point, as if the concentration is any more there is no added benefit to
increased absorption or lower surface tension at the boundary layer due to formations of
Micelles. A higher concentration could waste money on chemical usage for then some

surfactant would not be active in the absorption process. (21)

2.5.2. Essential Oils

Essential oils are a group of molecules that are artificially manufactured or extracted from
plants through various methods. Essential oils consist of volatile hydrophobic molecules that
dilute into the air readily through evaporation. These molecules consist of a long hydrophobic
group and are formed of many different chemical arrangements. The elements within essential
oils are generally Carbon, Hydrogen and Oxygen and so are of a chemical family of Organic

chemistry.

The essential oil is generally a non-ionic molecule depending on internal functional groups,
and therefore they are not readily miscible in water, therefore carrier oils or emulsifiers are

used in a solution to permit the mixing of chemicals so that it doesn’t separate in storage.

Essential oils are generally odour carrying molecules as they give off a strong scent when
detected by olfactory senses. The ability for absorption of gasses and particles in misting
solutions may be limited as they function more for masking odour by overpowering the
nuisance odour. However, in essential oil products other additives are used for enhancing the
gas and particulate capture in misting applications, therefore these additives can be

performing the main roles, generally consisting of surfactant molecules.
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2.6. Pollutant Absorption in Mist

As the solid or gaseous pollutant is in suspension in the air, the mist droplets must come into
contact to it for removal, similar to any other method of filtration. The method that mist droplets
intercept gasses and particulates is done through several well understood means which are
common to other pollution abatement technologies. In pollution abatement the pollutant must
be brought into physical contact with the filter so that it is removed from air, which is the mist
droplet in this case. Figure 2-7 shows several methods of capturing a particulate for filter media

which is comparable for water droplets and particle collisions.

How Filter Media Capture Particles
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Figure 2-7 Various methods of particle capture (22)
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The water droplet is the physical filter for the pollutant in a misting system which has some
caveats to the technology. To maximise the pollutant removal potential the mist should be high
in density and remain within the polluted air stream for as long as possible. Unfortunately the
mist has a short limited life span due to environmental conditions and gravity bringing the
droplet to the ground, therefore the droplets are constantly required to be recreated through

at