UNIVERSITY OF MINNESOTA
Twin Cities Campus

Department of Mechanical Engineering
College of Science & Engineering

Particle Calibration Laboratory
1100 Mechanical Engineering
111 Church Street SE, #3101
Minneapolis, MN 55455-0111
Telephone: (612) 625-7807
Facsimile: (612) 625-6069

Testing of a Photo-electrochemical Oxidation (PECO) Air Purifier
for Generation of Secondary Pollutants
and
Testing of an Activated Carbon Filter for Outgassing
Final Report

Submitted to:
Yogi Goswami, Ph. D.
Chief Science & Technology Officer
Molekule, LLC
3802 Spectrum Blvd.
Suite 143
Tampa, FL 33612

Submitted by:
Bernard Olson, Ph. D.
Particle Calibration Laboratory Director
University of Minnesota
111 Church St. S.E.
Minneapolis, MN 55455

May 12, 2016

INTRODUCTION
A photo-electrochemical oxidation (PECO) air purifier provided by Molekule was tested
at the University of South Florida Clean Energy Research Center to determine if it generated
secondary total volatile organic compounds (TVOCs) pollutants. The tests were carried out in a
sealed stainless steel test chamber with the PECO air purifier placed inside of it. The chamber
was equipped with sensors for measuring TVOCs, ozone, relative humidity and temperature. For
the first stage of testing, acetone was introduced into the chamber and the TVOCs and ozone
concentrations were monitored over time to determine if the PECO air purifier was generating
any secondary pollutants. A second stage of testing was then performed where an ozone
generator was placed in the chamber and artificially high ozone concentrations generated at the
onset of testing to determine its effect on the performance of the PECO air purifier. In addition to
testing the PECO air purifier, an activated carbon air filter was tested in the chamber to
determine its adsorbing and off-gassing characteristics by introducing acetone into the chamber
and monitoring the TVOC concentrations over time.
TEST METHODS
The photo-electrochemical oxidation (PECO) air purifier tested consists of an array of 30
3500 Ao UV-A LEDs having an average UV intensity of 100W/m2 at the filter, a pleated fiber
filter having a proprietary catalyst coating with a cross-sectional area of 34 cm x 23 cm (13.5 in.
x 9 in.) and a blower. Air enters through the bottom of the purifier and flows around the LEDs
and through the filter mounted just downstream from them. The assembly is mounted in a sheet
metal enclosure with a blower attached on top of it to draw air through the system. The flow rate
through the blower was estimated to be 300 lpm (10 cfm). Figures 1, 2 and 3 show the
components of the PECO air purifier mounted in the chamber.
A stainless steel sealable test chamber with internal volume of approximately 600 liters
(see Figure 4) was used to test the PECO air purifier for potential secondary TVOC and ozone
pollutants. As shown in Figure 5, the chamber was equipped with two Grey Wolf sensor probes,
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Figure 1. Photograph of PECO air purifier showing illuminated UV LEDs at the base of the
system.

Figure 2. Photograph of PECO air purifier showing the pleated filter containing a proprietary
catalyst placed directly above the UV LEDs.
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Figure 3. Photograph of PECO air purifier assembly mounted inside sheet metal enclosure with a
blower connected to the exhaust side of the system on top of the enclosure.
one with a photo-ionization (PID) detector for TVOCs, relative humidity sensor and temperature
sensor (model TG-502L) and the other probe with an ozone sensor and temperature sensor
(model TG-501). The PID detector had a detection limit of 5 parts per billion (ppb) and a
sensitivity of 1 ppb, the ozone sensor had a detection limit of 0.02 ppm and a sensitivity of 0.01
ppm, and the relative humidity and temperature sensors have accuracies of +/-2% and +/-0.3 C,
respectively, within the operating ranges used for testing. The cables from the probes fed through
a small hole in the top of the chamber that was sealed and the cables were connected to a Gray
Wolf Advanced Sense environmental test meter (Figure 6) for data logging and subsequent
retrieval. An auxiliary fan was placed in the chamber to circulate and provide uniform gas
mixing.
For the first stage of testing, the PECO air purifier was placed in the chamber, connected
to power and turned on to ensure that all the UV LEDs and the blower were working properly.
The PECO device was then turned off and the chamber door was shut and sealed. Subsequently,
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Figure 4. Photograph of stainless steel test chamber having dimensions of 81.3 cm × 81.3 cm ×
91.4 cm (32 in × 32 in × 36 in) with an internal volume of 600 liters.

Figure 5. Photograph of two sensor probes containing PID, ozone, relative humidity and
temperature sensors mounted behind PECO air purifier in test chamber.
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2 uL of acetone was injected into the chamber injection port to provide roughly 1 ppmv of
acetone gas at room temperature and the air purifier was turned on. Total VOC and ozone
concentrations were then monitored to determine if the PECO air purifier was generating
secondary pollutants over time.
A second stage of testing was then performed to determine the effect of highly elevated
ozone concentrations on the PECO air purifier. A Foreverozone 3500 mg/h solid state ozone
generator was placed inside the chamber next to the PECO device as shown in Figure 7. The
chamber door was then shut and sealed, and the humidity in the chamber was lowered from room
air levels of approximately 45% by placing a tray of saturated salt solution in the chamber
following ASTM Standard E.104-02. Once the relative humidity equilibrated at 16% the ozone
generator was turned on and ran for approximately 3 to 4 seconds to generate artificially high
ozone concentrations of approximately 3.0 ppm, which was well above room air ozone
concentrations being around 0.07 to 0.08 ppm. Ozone concentrations with the PECO air purifier
off was monitored for approximately 10 minutes and then the PECO device was turned on and
the ozone concentrations continued to be monitored for approximately 30 minutes more until the
ozone concentrations came to steady-state.
A test was then performed to determine the TVOC capture and retention of an activated
carbon filter media (Grainger, model number 5W095) with filter dimensions of 34 cm x 23 cm x
0.64 thick (13.5 in. x 9 in. x 0.25 in.) as shown in Figure 8. The filter was mounted in the PECO
enclosure replacing the filter with proprietary catalyst and the chamber door was shut and sealed.
A syringe containing 2 uL of acetone was then injected into the chamber and the blower was
turned on to flow air through the filter at approximately 300 lpm. The TVOC concentration was
then monitored and after approximately 100 minutes once the concentration started to stabilize
indicating saturation, the chamber door was opened exposing the activated carbon filter to room
air for approximately 15 minutes. The door was then shut and sealed and the TVOC
concentrations continued to be monitored for another 45 minutes to determine if outgassing was
occurring.
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Figure 6. Photograph of Grey Wolf Advanced Sense Environmental Test Meter and Data Logger
with the two cables connected to it from sensor probes inside the test chamber.

Figure 7. Foreverozone 3500 mg/h solid state ozone generator mounted inside test chamber.
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Figure 8. Photograph of 34 cm x 23 cm x 0.64 cm thick activated carbon filter.

RESULTS
The results of the first series of testing is shown in Figure 9 where 2 uL of acetone was
introduced into the test chamber at the beginning of the test. Prior to the test the room air TVOC
concentration was 44 ppb, and the initial TVOC concentration after the acetone injection was
just over 800 ppb. The concentration then depleted to less than 150 ppb after 6 hours, and was
continuing on a downward trend indicating that the PECO air purifier was not generating
secondary pollutants. An exponential equation was fit to the data having an R2 value of 0.9998 as
shown in Figure 9. By extrapolation based on the curve fit, the TVOC concentration would have
dropped to approximately 44 ppb after 10 hours assuming TVOCs would have continued to
decrease at the same rate. In addition, the initial ozone concentration was the same as room air
being 0.07 ppm and decreased to 0.05 ppm over the same 6 hour period. Note that the ozone
detector sensitivity is 0.01 ppm which is why the ozone concentration decreased in 0.01 ppm
increments with time.
For the second series of testing a plot of ozone concentration versus time is shown in
Figure 10 for the first test trial, where the ozone generator was operated for approximately 3
seconds at the beginning of the test. The initial ozone concentration was 2.33 ppm and after 10
minutes the concentration had degraded to 1.66 pp when the PECO air purifier was turned on.
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Ozone degradation then took place at a higher rate and subsequently decayed and came to
steady-state around 0.08 ppm after approximately 12 minutes. For the second trial, the ozone
generator was turned on for approximately 4 seconds and the initial ozone concentration was
3.02 ppm. After 10 minutes the PECO air purifier was turned on where the ozone concentration
had dropped to 2.11 ppm. Again ozone degradation occurred at a higher rate and leveled off after
18 minutes when the ozone concentration was at 0.08 ppm. A plot of ozone concentration versus
time for the second trial is shown in Figure 11. Both trials demonstrated that ozone degraded
with time and took place at a higher rate when the PECO air purifier was operating and reduced
to background room air concentrations over time.
Finally, an activated carbon filter test was performed where, after an initial injection of 2
uL of acetone into test chamber, the TVOC concentration was approximately 750 ppb as shown
in Figure 12. TVOCs then decreased and started to level off at 145 ppb demonstrating that the
gas adsorbed onto the filter and was saturating. After about 100 minutes the door chamber was
opened causing room air infiltration into the chamber. The door remained open for about 20
minutes where the concentration decreased to 42 ppb and then it was shut and sealed again. The
TVOC concentration subsequently increased to 130 ppm after 30 minutes demonstrating that
outgassing was occurring.

CONCLUSIONS
The results demonstrated that the photo-electrochemical oxidation air purifier did not
generate secondary TVOCs when challenged with an initial concentration of approximately 800
ppb of acetone gas, and it was effective at degrading ozone even at artificially high concentration
levels of between 2 to 3 ppm. Furthermore, the PECO device was effective in reducing TVOC
concentrations significantly, and degrading background room air ozone concentrations to even
lower levels and high concentrations of ozone to background levels over the time periods tested.
An activated carbon filter was challenged with approximately 750 ppm of acetone gas,
and while it adsorbed the gas reducing TVOC concentrations, outgassing occurred after it
became saturated.
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Figure 9. Plot of TVOC and ozone concentrations over time with PECO operating inside test
chamber after an initial injection of 2 uL of acetone into the chamber.
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Figure 10. Ozone test trial 1 of PECO air purifier showing initial ozone concentration of 2.33
ppm after generator was activated for 3 seconds, PECO started after 10 minutes where the
concentration was 1.66 ppm and then decreasing to 0.08 ppm after approximately 12 minutes.
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Figure 11. Ozone test trial 2 of PECO air purifier showing initial ozone concentration of 3.02
ppm after generator was activated for 4 seconds, PECO turned on after 10 minutes where the
ozone concentration was 2.11 ppm and decreasing to 0.08 ppm after approximately 18 minutes.
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Figure 12. Testing of activated carbon filter showing TVOC concentration after injection of 2 uL
of acetone into test chamber, depletion of TVOC with time and subsequent out-gassing after
clean air infiltration by opening chamber door and then shutting and sealing it again.
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