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Improving Indoor Air Quality Using a Biosilica-based
Functional Paint & Coatings Photocatalyst (Part 2)
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As mentioned in the last issue, 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.

Experimental methods
Technology synthesis

Diatomix’s patent pending synthesis process is a robust and
commercially viable procedure. We have developed the
procedure to be able to use multiple metal organic titanium
precursors. The key to our synthesis is the ramp rate and
temperature holding points. Optimising these conditions
allows the preferential deposition of discrete nano-particles in
the frustule pores and interior as seen in Figure 2.

VOC removal & degradation testing

VOC removal testing was performed by Research Triangle Park
(RTP) Laboratories (Raleigh, NC, USA). RTP is an independent
testing facility contracted by Diatomix. Methods were as
follows: Following ASTM standard D6670 "Standard Practice
for Full-Scale Chamber Determination of Volatile Organic
Emissions from Indoor Materials/Products”, test panels
were examined for removal of VOCs by introducing known
concentrations of VOCs into the sealed chamber under LED
light. First samples were prepared with two latex paints
provided by Diatomix labeled Paint 08 and Paint 011, which
were formulated at Coatings Research Group Inc. (CRGlI,
Cleveland OH) based on Diatomix additive at 10% by weight.
Two quarts of each sample were sent directly from CRGI
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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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to RTP. Two pounds of each sample were used to coat two
sheetrock panels (size, 1.2 x 2.4 meters) with paint rollers. The
back and edges of the sheetrock were sealed with aluminum
foil and 3M foil tape that does not emit VOCs. The paint
samples were applied according to the sample preparation
descriptions provided by Diatomix (one coat applied and a
second coat two hours later). 24 hours later after the second
coat of paint, the panels were used for VOC degradation test.
The test chamber is a chemically resistant chamber (volume,
1.2 X 1.2 x 2.4 meters) made from specially treated static
dissipative clear acrylic surface. The light source consisted of
6 T8 LED light (1.2-meters long) fixtures that were attached to
the outside of the chamber facing inward towards the painted
test panel. The lights were spaced 40 cm apart from each
other and the outermost lights were 20 cm from the edge
of the test chamber. VOC removal testing was performed by
placing painted sheetrock panel in the test chamber on one
side and leaned at approximately 15 degrees from the back
surface. The chamber was sealed and allowed to equilibrate
for approximately 45 minutes prior to introducing the VOCs.
Temperature, relative humidity, and carbon dioxide was
monitored throughout the tests. Pretests demonstrate no
VOCs in the chamber prior to testing. Then, formaldehyde
(20 ppm) and butanol (20 ppm) were introduced into the
chamber and the mixing fan was turned on for 10 minutes.
Chamber air were tested by GC/MS and HPLC at 1, 2, 4, 6, and
24-hour time points to determine VOC level in test chamber.
VOC mineralisation testing is performed by coating a glass
panel with a thin layer of Diatomix additive as follows. Four
glass panels were cut to 25 x 8 cm and thoroughly cleaned with
soap and water followed by rinsing in a stream of distilled water
for 2 minutes. A slurry of Diatomix additive was then suspended
in a solution of polyester made from citric acid and ethylene
glycol. The slurry was then drawn down the glass panel using a
glass rod to make a 50 um thick layer. This layer was then fired
to 500 °C for 30 minutes to remove all organic components.
The resulting layer was determined to be 60 mg gravimetrically.
The panels were then allowed to equilibrate under standard
conditions in our lab for 24 hours. The 4 panels were placed
with a fan into a 5 L glass testing chamber and sealed shut.
VOCs were injected into the glass chamber and both CO:
and VOC levels were monitored using a gas chromatograph
modified with a methanizer and flame ionisation detector.

Paint durablity testing

Two smaller panels (8 x 8 cm) of Diatomix and Sherwin-
Williams paint were prepared identically to those prepared in
VOC reduction testing. All four panels were placed under UVC
lights and aged identically. Panels were removed at specified
time points and tested for chalking as follows. A standard
Scotch 300 piece of tape was placed on an untouched corner
of a single panel and a 2-kg weight with a rubber cork bottom
was placed on top of the paint and allowed to sit for 30
seconds. The tape was then removed and placed on a glass
slide with the bottom side painted black. The center of the
tape sample on the slide was placed under a USB microscope
and imaged to obtain a standard 6 mm diameter image. The
image was analysed via Image) software®™ for the percentage
of white particulates seen.

Results

Research Triangle Park Laboratories (RTP) (Raleigh, NC, USA),
tested two samples for Diatomix to determine the reduction
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of 2-butanol and formaldehyde. The RTP study found that
the Diatomix additive added into a flat paint formulation
“Paint 08" (custom paint formulation containing the Diatomix
additive) was able to considerably lower the concentration
of 2-butanol and formaldehyde when illuminated with white
LED lights in a controlled but simulated environmental test
chamber and when compared with Paint 011 (same custom
formulation without the Diatomix additive) (Figure 4). After 3
hours of exposure, Diatomix Paint 08 formulation reduced the
concentration of 2-butanol by 32% and formaldehyde by 56%.
After 24 hours of exposure Diatomix Paint 08 reduced the
concentration of 2-butanol by 91% and formaldehyde by 92%.
The degradation of VOCs using photocatalysts allows
for a continual improvement in indoor air. Degradation
of VOCs is monitored via degradation byproducts and
carbon dioxide production. Diatomix additive has been
tested for the degradation and mineralisation of methanol,
dichloromethane and isopropanol. Figure 5a shows the
degradation of methanol to carbon dioxide, Figure 5b shows
the degradation of dichloromethane to carbon dioxide and
the Figure 5¢ shows the degradation of isopropanol to
acetone. Acetone is the first by-product in the oxidation of
isopropanol. From these results, we see that the nonpolar
molecule dichloromethane has a slower degradation rate then
polar isopropanol or methanol. This may be due to a slower
adsorption process with non-polar molecules. Considering the
number of non-polar VOCs we are continuing to look for ways
to increase the rate of mineralisation on nonpolar molecules.
The complete mineralisation of methanol requires six
oxidations. If we use methanol to determine the rate at which
our additive can perform single electron oxidations on polar
molecules we can then predict the rate at which other VOCs
will be degraded. The predictions are shown in Figure 5d.
Knowing the oxidation of isopropanol to acetone is a two-
electron oxidation, the mineralisation of methanol predicts
that the complete oxidation of 60 ppm of isopropanol to
acetone should take 14 hours. We see from our testing that
after 16 hours, all isopropanol has been converted to acetone,
supporting our oxidation rate predictions. In addition, since
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Figure 4: Independent testing showing rapid removal of VOCs in a 3.62 m? (132 ft’) testing chamber with one side of the
chamber including a 1.2 x 2.4 m (4 x 8 ft) drywall panel painted with Diatomix Paint. In both figures above, blue line data (squares)
= control data (chamber without a painted panel); green line data (circles) = contractor flat paint that does not contain
Diatomix additive (Paint 011); red line data (crosses) = contractor flat paint containing Diatomix additive (Paint 08).
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there was approximately 250 mg of additive in our test
chamber we can determine the rate of methanol removal
per mg of our additive exposed on the surface of a painted
brightly illuminated wall. We see that for the complete
mineralisation of methanol, 1 mg of our technology can
completely mineralise 5 ppb of methanol per hour. Using
Figure 5d other initial VOC removal rates can be predicted.

Diatomix has tested repetitive removal of VOCs and
the durability of our paint vs. our competitors. Figure 6a~c
shows the repetitive removal of methanol over five cycles
vs. Sherwin-Williams Harmony paint, which contains zeolite
additives and Sto’s Climasan, which contains a proprietary
visual light catalyst. As can be seen in Figure 6a paint with
Diatomix additive performed similar to Sto's Climasan product
line. In contrast, Sherwin-Williams Harmony was unable
prevent the increase in methanol with increasing cycles.

Figure 6d shows long-term UVC aging of Diatomix Paint
08 and Sherwin-Williams Harmony. We can see that both
paints begin to show increased chalking between 86 to 170
hours of UVC irradiation. This suggests that the photocatalytic
behaviour of Diatomix technology is not degrading the paint
binder and reducing lifetime. The ability of Diatomix additive
to quickly and repetitively remove VOCs without reducing the
paint lifetime and durability makes for a functional coating
additive with promise to improve indoor air-quality.

Conclusion

The decoration of diatoms with a photocatalyst such as
titanium dioxide can lead to increased photocatalytic activity.
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Figure 5: The complete mineralisation of methanol to carbon dioxide (a) and dichloromethane (b) requires considerably
different timeframes. The oxidation of isopropanol to acetone takes less than 16 hours but the complete oxidation of
acetone takes approximately 90 hours (c). The mineralisation rate of methanol is used to predict the removal rate of

other VOCs.
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Figure 6: Repeat removal testing of Diatomix paint 08 (a), Sherwin-Williams Harmony (b) and Sto Climasan (c). Each cycle
consists of a 20-ppm injection of methanol followed by 2.5 hours of time for removal testing. Diatomix and Sherwin-
Williams Harmony paint under UVC aging for extended periods (d).
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Diatoms act as light trapping structures and concentrate
long wavelength UV, blue and red wavelengths of light.
Photocatalysts which use these wavelengths, such as titanium
dioxide, and can be immobilised onto diatom support
structures may show increased activity due to increased
incident photons.

Diatomix has successfully implemented this strategy with
titanium dioxide and is currently evaluating the potential for
its use as a paint and coatings additive to improve indoor air-
quality. Further study needs to be done to evaluate the many
VOCs found in interior environments and ensure complete
mineralisation. So far, our results indicate that the method in
which Diatomix discretely and firmly decorates diatoms with
titanium dioxide can provide a better solution to removing
VOCs overtime then adsorption based additives without
compromising the lifetime or durability of paints and coatings.

Diatomix has performed all VOC and removal testing
at concentrations approximately 100 times greater than
typical indoor concentrations. These results are good for
showing that our technology can mitigate high concentration
exposures. We are currently pursuing lower concentration
testing at typical indoor levels through multiple routes.



