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Improving Indoor Air Quality Using a Biosilica-based
Functional Paint & Coatings Photocatalyst (Part 1)
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Individuals spend more than 90% of their lives in indoor
environments. Volatile organic compounds (VOCs) are
prevalent in indoor environments and are emitted from
carpets, paints, wood stains, tobacco smoke, adhesives found
in wood and plastic products, computers and TVs, typical
household chemical cleaners, mold, and most scents and
odours. Exacerbating this issue is the drive to make new
energy efficient homes and buildings, which seals the indoor
environments from the outside environment. This traps VOCs
within the building, leading to greater inhalation risks to
inhabitants. Diatomix Inc. has developed a patent pending,
biosilica-based photocatalyst that actively and continuously
improves indoor air quality when added to wall paint and
floor coatings. By removing VOCs, the technology can help
curb the discomfort associated with allergic symptoms and
diseases. This paper presents findings from experimental work
done to develop this filler technology.

Background

Humans breathe in around 3,000 gallons of air each day."’
Most of that inhalation occurs indoors, where humans spend
90% of their time.” The Environmental Protection Agency of
the US Government states that indoor air quality is, on average,
5 times worse than outdoor air quality.[1] Volatile organic
compounds (VOCs) are major contributors to the degradation
of indoor air-quality and primary sources include carpeting,
paint, furniture, wood stains, tobacco smoke, computers and
TVs, chemical cleaners and mold.” " These sources produce
VOCs such as benzene, methyl chloride, formaldehyde, and
others that are carcinogenic and can affect the respiratory
system.”” VOCs are a large group of chemicals that are found
in many products we use to build, furnish and maintain our
homes. Once these chemicals are in our indoor structures, they
are released or off-gassed into the indoor air we breathe and
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pose health risks to those who breathe them. They may or may
not present a perceptible odour. Common examples of VOCs
that may be present in our daily lives are: benzene, ethylene
glycol, formaldehyde, methylene chloride, tetrachloroethylene,
toluene, xylene, 1,3-butadiene and many more.

Retrofits and new houses containing high-performance
insulating layers and vapour barriers have exacerbated
indoor air quality issues.” Portable air-purification products
have grown in popularity over the past 20 years to address
allergens and airborne particulates but most do not remove
VOCs.” Exposure to formaldehyde has a strong correlation
with childhood asthma"” and maternal exposure to VOCs
during in utero development has been correlated with
increased eczema in children.""” Eczema and asthma affect
approximately 60 million people in the United States and
cost the nation over $56 billion annually in treatment and lost
economic opportunity."*" Other symptoms of short-term
exposure to VOCs can include dizziness, eye/nose/throat
irritation, and headaches, while years of chronic exposure can
cause cancer, liver and kidney damage, and central nervous
system damage."” Increasing research underscores the
connection between indoor air pollution and stroke, ischemic
heart disease, chronic obstructive pulmonary disease,
respiratory infections in children, and lung cancer.”” The
World Health Organization (WHO) reported in 2012 that more
than one in eight global deaths was a result of air pollution
exposure'™ , which confirms that air pollution is now the
world’s largest single environmental health risk.

Indoor air pollution is becoming more widely reported
and better understood,"**” and inhabitants more commonly
use portable air-purifiers to improve indoor air quality. Most
purifiers only address particulate matter and do not address
VOC removal. Such units are not commonly utilised due to
high cost and energy consumption.”'"**

The architectural coatings market continues to
grow due to increases in global urbanisation trends and
construction activities. Over the years, many paint companies
have been committed to innovations in architectural coatings
and their efforts have led to societal awareness of eco-
friendly products and products with functional benefits.*" As
a result, this has created a new market driver with increasing
demand for low-VOC paints. "Green" products have become
the dominant new product development focus of the paint
and coatings market. Green coatings have lower toxicity and
are more sustainable, comprising $9 billion of the global
paint and coatings industry.”” Green coatings are becoming
an essential category of environmental protection coatings.

As more studies continue to be published, environmental
pressures continue to mount, consumers become more
educated about the impact of compromised indoor air quality,
and the market demand for functional or "smart" coatings that
reduce VOCs will continue to grow.”® A number of companies
sell additive technology for paint application which actively
adsorb or photocatayltically degrade indoor air VOCs. There
are a host of products on the market worldwide with a wide
range of stated performance claims. Table 1 highlights
a few of these companies which currently provide VOC
reducing paint or filler technology. Sto (Stiihlingen, Germany)
provides a product called Climasan that uses a photocatalytic
technology to address indoor air quality. They released an
odour-neutralising and pollutant degrading paint for interior
applications. Their visual light catalyst is proprietary and
although the paint is acrylic-based, it has a high percentage
of solids. The company does not recommend the product for
high-humidity environments such as bathrooms and kitchens.
Boysen Paints (Manilla, Philippines) has developed a product
line called KNOXOUT Air Cleaning Paint. The active technology
in KNOxOUT is CrystalActiv, which is a titanium dioxide
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Table 1: Competitor products list versus Diatomix
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nanoparticle and calcium carbonate filler. The titanium dioxide
contained within the paint is a well-known UV photocatalyst
that will degrade various organic molecules. The paint is only
targeted at outdoor applications as it needs UV light. Boysen
targets NOx (nitric oxide (NO) and nitrogen dioxide (NO,)),
which can be oxidised by photocatalysis to nitrate (NO), a much
less toxic species. Dow Chemical (Midland, MI) sells Formashield,
a paint with a specialty polymer that reacts with aldehydes,
removing them from interior air. This paint is targeted at
removing formaldehyde from interior environments. It is only
active against aldehydes and cannot effectively treat the
majority of VOCs found indoors. Formashield does not require
light for activity but will become saturated over time and lose
formaldehyde removal activity. How long it lasts depends on
how concentrated the aldehydes are in indoor air making the
worst environments the most susceptible to saturation and
decreased activity. Sherwin-Williams (Cleveland, OH, USA)
sells Harmony paint which uses zeolite additives to adsorb
VOCs. Similar to Formashield, once saturated no more VOC
removal will occur. In addition, higher VOC environments will
saturate more quickly.

Diatomix technology

Diatomix has developed a patent pending and proprietary
technology for a paint and coatings filler that helps
reduce indoor air VOCs. By combining high-surface-area
diatomaceous earth with titanium dioxide, Diatomix’s
photocatalyst technology uses indoor light sources to
continuously degrade VOCs (Figure 1). Our TiO, is a
semiconductor that has been shown to mineralise many VOCs
cited by the EPA as hazardous air pollutants.””~** Diatomix’s
contribution to TiO, photocatalysis is the use of diatoms as
our catalyst substrate. Diatoms are composed of SiO, and
have been shown to adsorb VOCs, increasing the charge
conversion efficiency of VOC degradation by placing the
VOCs directly next to and even in contact with the catalyst.
Diatoms’ greatest strength as a substrate are the ability to act
as nanophotonic light-trapping structures that can enhance
absorption of light with wavelengths from 380 nm to 500
nm by 1.7 times. The proprietary coating process deposits
TiO, preferentially inside the diatoms, where the light is
concentrated. This combination of VOC adsorption and light
trapping leads to improved photocatalytic efficiency.

The technology, by and large, has avoided the common
pitfalls of adding photocatalytically active titanium dioxide
to paint. The typical problems associated with adding
photocatalytic TiO, into paint include binder degradation,
low incident-photon to charge conversion efficiency (IPCE)
and surface exposure of the catalyst.”” Degrading the binder
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Figure 1: Continuous degradation mechanism cycle of VOCs trapped by the biosilica decorated with catalyst particles.

The complete conversion of VOCs and other compounds to CO, and water is termed mineralisation. The Diatomix

additive can mineralise VOCs. This being the key differentiator between it and other VOC removing additives.
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in paint has been cited by paint companies as a major hurdle
to market entry and is due to the photocatalytic activity of
TiO, oxidising the binder itself. Low IPCE is a general problem
for TiO, photocatalysis and causes the degradation rate of
pollutants to be too slow for most applications but indoor
air quality has been cited as a good target because of the
low concentration of pollutants.” Lastly, surface exposure
of the catalyst from paint is necessary but also challenging
as the binder will coat the catalytic particles. Overcoming
these obstacles is possible because diatom frustules (the glass
skeletons of algae) have intricate interior surface structures
with high surface area, concentrate the useful wavelengths
of light and are known to adsorb VOCs. The majority of TiO, is
deposited, through our proprietary process, on the inside of
the diatom frustule (Figures 2~3). Diatomix TiO, coating of
biosilica cell walls have high surface areas and are known to
adsorb organic molecules.”” As mentioned earlier, this helps
assist the catalyst by placing the VOCs directly next to the
photocatalysts. Diatomix has created a scalable manufacturing
process (patent-pending) to fuse 5~10 nm TiO, nanoparticles
on the surfaces of diatom frustules.

As shown in Figure 2, as-synthesised TiO, nanoparticles
firmly anchor on biosilica surfaces; each nanoparticle is
discretely separated from its neighbors. By monitoring the
byproduct of the degraded model VOCs, we found that
photocatalyst-decorated diatom frustules rapidly trap and
chemically convert VOCs to water and carbon dioxide on a
continuous basis, in the presence of light.

Through Diatomix’s proprietary synthesis method,
combining chemical vapour deposition and flame pyrolysis
using low molecular weight organic titanium precursors, the
titanium dioxide photocatalyst is preferentially deposited
onto the smallest physical structures of the diatoms’ interior
and exterior surfaces. Since the interior surface of diatoms has
high surface area (Figures 2~3) and fine substructures the
titanium dioxide is concentrated in the pores and on the inside
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Figure 2: Scanning electron microscopy (SEM) of
diatoms with energy dispersive X-ray spectroscopy of
photocatalyst particles decorating the biosilica diatom.
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of diatom frustules. This reduces contact of our photocatalyst
with binders in paint and prevents premature failing of
painted surfaces. Because the photocatalyst is on the inside of
the diatom frustule, and binder has difficulty filling the diatom
structure, only a small portion of the diatom needs to be
exposed to the surface of paint to allow access to the empty
interior surfaces of the diatom. This access to a large surface
area of photocatalytic particles allows airborne VOCs to enter
the interior of the diatoms, to be adsorbed and to be degraded
through photocatalytic processes. Diatomix is currently testing
commercially available diatoms for VOC degradation which we
hope to lead to diatoms with optimal pore size for VOC access
to the interior photocatalytic particles and minimal infiltration
of the binder into the interior of the diatom. This is important
for our system to work in off-the shelf paint applications.®”

Diatoms have subwavelength patterns which act as
nanophotonic light-trapping structures and are known to
enhance absorption of light with wavelengths from 380~500
nm.”” Certain diatom genera have been reported to show an
enhancement of 1.7x light collection of these wavelengths.
B2 This gives our doped titanium dioxide photocatalyst
increased light which facilitates increased activity to degrade
contaminant VOCs. Optimising the diatom for both the best
pore size for VOC access, surface exposure and light trapping
enhancement will give our photocatalyst the best opportunity
to succeed as a functional coating.

The complete conversion of VOCs and other compounds
to CO, and water is termed mineralisation. It is important for
our system to show mineralisation of VOCs as this is the key
differentiator between our product and other VOC removing
paint additives. Diatomix has seen good degradation rates,
around 1 mg VOC*h'*m? per gram of Diatomix technology
(determined from methanol, 3 mg*h™*m? per gram, and
dichloromethane, 0.6 mg*h™*m™ per gram) to CO,, when
irradiated with common 23 W white fluorescent bulbs. On
average 1 m”of wall covered with paint with 10% of our
technology added will have approximately 30 g of diatoms.
Theoretically with the average paint layer being 100 um thick
and our diatom at 10 pm, 2% of the diatoms should have at
least some portion exposed to the surface based on volume
after drying. This means that an average 9 x 9 m room would
have around 1000 g of additive in the walls. If only 1% of
the catalyst surface is exposed (instead of the theoretical
2%) we should expect up to 10 mg*m™*h” removal rate of a
VOC such as formaldehyde, 20 times the concentration level
needed to achieve LEED air quality credits.*” The average
concentration of total VOCs in houses varies significantly, but
since our technology will work faster with more VOCs present,
mitigation of high VOC situations is likely.”*'T
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Figure 3: Exterior (a & b left) and interior (a & b right) views of diatoms.
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