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Comparison of the Particle Size Distribution and the Airborne
Retention Time of » Air Fresheners and Three
Leading Competitors

Name withheld @ Name withheld a

? Aerosol Research and Engineering Laboratories Inc. Olathe KS

Article Info Objective: The objective of this report is to present the particle size distribution characterization
and the nanoparticle/nanodroplet aerosol retention time of the A air freshener spray

Testing Lab: products and compare these results to leading competitors. Phase one consisted of particle size
Aerosol Research and Engineering distribution testing. In this phase the particle size distribution testing was conducted in accordance
Laboratories, Inc. with the procedural guidelines presented in CIPAC MT 187 — Particle size analysis by laser
Submitted: March, 1%, 2023 diffraction and ISO 13320:2009. Particle size analysis-laser diffraction methods. ISO Standards
Project #:R05 Authority. Phase two of the study consisted of one representative spray fromA being

tested for airborne aerosol particle retention time and compared with three representative sprays

K:y words: from competitor brands.
. Particle Size Distribution Phase 1: Particle Size Distribution Method: Three (3) different aerosol spray products of
- Nanoparticle retention A were tested and compared to three (3)C three (3)B and a single (1)
D spray product. Each aerosol product sample was analyzed for particle size distribution. A
Compliance: Malvern Spraytec laser diffraction particle size analyzer was used to measure the particle size
This study was conducted in distribution and calculate the D10, D50, D90, and D[4,3] values. All aerosol spray and particle size
compliance  with FDA  Good measurements were done at six (6”) inches from the spray nozzle. Each sample was actuated a
Laboratory Practices (GLP) as minimum of four (4) times per test and the average taken. This was done for each of the samples.

defined in 21 CFR, Part 58.
Phase 2: Nanoparticle/Nanodroplet Chamber Retention Time Method: Three (3)

Conflict of Interest: separate aerosol spray cans, one (1) can from A and three (3) competitors, were
Aerosol Research and Engineering individually dispersed into a sealed 16m? aerosol containment chamber and monitored for the
Laboratories, Inc. have no amount of time the particles of each spray remained airborne in the chamber. The particles in the
affiliations with, or involvement in chamber were monitored throughout each trial by a TSI fast mobility particle sizer (FMPS). The
any capacity, with A data from these trials was exported to a computer to be normalized and plotted for comparison.
financial . interests such as Results: The results of the particle size distribution testing showed that A sprays
member§h|p, employnjen?, stock averaged a smaller particle size distribution directly out of the can than that of the competitors.
ownership, or other equity interest. The volume mean diameter for the A spray averaged a diameter of 31.49um.
Comparatively the c sprays averaged 77.91um, the B sample average 75.03 um, and
theD sample average 89.77um for the volume mean diameter.

The results of the nanoparticle/nanodroplet chamber retention testing showed that the A

spray produced over 10 times more particles ranging from 5.6 — 560 nm than c and
over 100 times more of these particles thanB andp TheA nanoparticles
and/or nanodroplets persisted in the chamber at levels above the other sprays throughout the
hour trials and showed less settling.

Conclusion: The results show that the A spray produces a smaller particle size
distribution directly out of the can than the other brands tested. When sprayed in a chamber
designed to simulate a small room, the A spray produced more airborne

microparticles/microdroplets and these particles/droplets persisted in the air longer than the
other brands tested. In theory, greater persistence of these small particles results in longer
duration of the aroma of the air freshener and less deposition onto surfaces.

This study was conducted in compliance with FDA Good Laboratory Practices (GLP) as defined in 21 CFR, Part 58.

Introduction
The competitor products tested in the study consisted
The test samples consisted of three separate of three separate fragrances of c air freshener, three
fragrances of A air freshener aerosol spray separate fragrances of B air freshener, and a single
cans which were supplied for testing by A sample of D air freshener. Each spray can was tested
See Figure 1, on the following page, for a picture of the for its individual spray characteristics using a Malvern
A spray can samples. Spraytec Laser Diffraction System.
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Following the particle size distribution testing, four
representative aerosol spray samples; one A
scent, onecC scent, oneB scent, and oneD
scent were chosen to test for airborne nano-particle
retention time.

Data presented in the body of this report consists of
the average particle size distributions of each group of
spray can samples with their respective standard
deviations as well as a comparison of the airborne
retention time of each product.

Compliance

Testing was conducted in accordance with the
procedure guidelines presented in CIPAC MT 187 - Particle
size_analysis by laser diffraction and ISO 13320:2009.
Particle size analysis-laser _diffraction methods. ISO
Standards Authority. All testing documentation, record
keeping follow compliance with FDA Good Laboratory
Practices (GLP) as defined in 21 CFR, Part 58.

IDENTIFYING PRODUCT PHOTOGRAPH OMITTED

Test Article A products A1-A3
Product type: aerosol air freshener
Nominal package weight: 3.4 0z

samples that were used for this study.
Test Location and Conditions

Testing was conducted at Aerosol Research and
Engineering laboratories located at 12880 Metcalf Ave. in
Overland Park, Kansas 66213 USA. Laboratory conditions
were approximately 22°C and 35% relative humidity during
the particle size and chamber trials.
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Assessments Performed

e Particle size distributions
o D10, D50, D90, and D[4,3] Values
o Nanoparticle/nanodroplet chamber retention
time

Phase 1: Particle Size Analysis & Distribution
Method

A Malvern Spraytec laser diffraction system, equipped
with a 300mm lens and path length set to 100mm, was
used for the particle size distribution analysis of the three
samples. It has a particle size range of 0.1-900um in this
configuration. Using version 3.30 of the Spraytec software,
the samples were tested at a 2.5 kHz sample rate (2,500
samples second). A polydisperse analysis method was used
to process the data. Figure 2, below, shows the Malvern
Spraytec Laser Diffraction measurement instrument.
Figure 3, below, is a diagram of a typical set-up for laser
diffraction measurements.

All aerosol spray cans were tested in quadruplicate,
for all particle size measurement data. All samples were
sprayed from a fixed position into the laser path of the
Malvern Spraytec at six inches (6”) from the detection laser
with the laser passing through the center of the spray
plume. Each sample was hand-actuated for a minimum of
four (4) events (individual discharges from the spray cans).

Each of the samples were actuated (4) times and the
results averaged for each test. Each actuation event was
set to last one-thousand milliseconds (1000ms) to allow
adequate time to generate a full plume for each spray. The
Spraytec was set to trigger the measuring sequence when
the transmission of laser light to the receiver dropped to
95% and to start data collection 400ms before the trigger.

Figure 2. Malvern Spraytec Laser Diffraction Instrument.
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Figure 3. A typical set-up for a laser diffraction instrument.

For each test sample, aerosol particle size
distributions, D10, D50, D90, and D[4,3] sizes were
measured a minimum of four (4) times and averaged.

Light-scattering Model

Since the refractive indices can be estimated based on
components of the samples’ formulation, the Mie Theory
was used. Mie Theory will hold valid since the water
content is greater than 90%. This allows completely
accurate results over a large range of particle sizes. The
refractive indices used for testing the formulas were:

e  Particle: 1.33RI (real, water)
e Dispersant: 1.00RI (air)

Mechanism of Actuation
The aerosol spray cans were hand-actuated by a lab

analyst, with a normal adult-strength push, to achieve a
consistent spray discharge.

Results: Particle Size Testing

Using a Malvern Spraytec laser diffraction system, all
test samples were measured for spray particle size
distribution a minimum of four (4) actuations and
averaged. Each sample was shaken until the spray contents
were homogeneous with the spray gas. All spray
discharges were done from six (6) inches from the
detection laser and then averaged for each individual test
sample.

The group averages for each brand of air freshener
sprays particle size distributions are shown in Figure 4.
These values are calculated by averaging the three
different fragrances tested from each brand except for the
D spray which consisted of a single spray fragrance.
Graphs showing each individual fragrance as well as the
group average can be found at the end of the report in
APPENDIX A.

Nozzle Particle Size Distributions

One fragrance, Each fragrance sprayed in quadruplicate and averaged, Malvern Spraytec Particle Sizer Data
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Figure 4. Particle Size Distributions sample group average for the four brands of products tested
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D10, D50, D90, D[4,3] - TEST ARTICLE A
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Figure 5. Graphical lllustration of the D10, D50, D90 and D[4,3] values.

The particle size testing results show that the A

samples averaged a much smaller particle size
range in its distribution than the competitors. In Figure 4
on the previous page this is shown by the A
average particle size distribution line peak being from 30-
40um whereas the other three sprays peak at the 70-
100um range. The three competitor brands averaged very
similar particle size distributions with the D sample
yielding the largest particles. The raw particle size testing
results from the Malvern Spraytec for individual samples
can be found in APPENDIX B.

D10, D50, D90, and D[4,3] Size Distribution Data:

D10, D50, D90, and D[4,3] values allow for ease of
comparison between multiple particle size distributions by
comparing single values rather than entire distributions.
D10, D50, D90, and D[4,3] values are defined as:

— D10: Particle size at which 10% of the volume/mass of
the aerosol plume is below.

— D50: Particle size at which 50% of the volume/mass of
the aerosol plume is below.

— D90: Particle size at which 90% of the volume/mass of
the aerosol plume is below.

— D[4,3]: Volume mean diameter. (if all particles were
the same sized spheres).

The D10 and D90 values were used to compare the
spread of the distribution (standard deviation around a
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midpoint D50). D50 is the average median particle size of

50% of the plume and D[4,3] is the volume mean particle

diameter of the entire plume. Figure 5, above, shows a

graphical illustration explaining these values on the A
average particle size distribution line.

D10, D50, D90, and D[4,3] Results:

The D10, D50, D90, and D[4,3] values also show how
much smaller the particle sizes are in the A
spray than in the leading competitors. The
spray averaged lower values for every category during
testing.

When comparing the D[4,3] values of the sprays, it
shows that the volume mean diameter of the A
spray was at 31.49um. This value is less than half
the size of the average [4,3] values of the other sprays
which was 89.77um for the D spray, 75.03um for the
B samples, and 77.91um for thec samples.

When comparing the D 50 values of the sprays, which
is the particle size at which 50% of the volume of the
aerosol plume is below, it shows that the A
spray had 50% of its spray at less than 28.49um.
Comparatively, the D 50 average for the B samples
was 69.72, the c samples was 69.26 and the D
spray was 80.64 Figure 6 on the next page shows the D10,
D50, D90, and D[4,3] value averages for all of the brands
tested.
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Nozzle PSD Testing - D10, D50, D90, D[4,3] Values

Triplicate trials and group average +/ standard deviation, Malvern Spraytec Data

200.00

| Ooi10] Cpso] Mpise] MWoI43] |

180.00

160.00

140.25

140.00

120.00

100.00

Particle Size (um)

80.64
80.00

56.92
60.00 50.95

40.00
2849 3149

20.00 10.59

A D

126.12

108.40

75.03 77.91

69.72 69.26

47.91
41.07

B C

Figure 6. The D10, D50, D90, and D[4,3] averages for each brand tested

Summary of Particle Size Results

The results from the particle size distribution testing
show that the A spray has a particle size
distribution in a smaller range than that of the competitors
tested and that all three of the A fragrances
tested yielded very similar particle size distributions. All of
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the D10, D50, D90, and D[4,3] values for theA

sprays were much lower than those same values for the
other sprays tested. Figure 6 above shows a graph
depicting the average D values for each brand of spray
tested. In theory, the smaller the particle the longer the
particle will stay suspended in the air which leads to less
deposition on surfaces and a more persistent aroma.
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General Testing Chamber Configuration

(FMPS, APS, Temp & Humidity)
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Figure 7. Flow diagram of the chamber set up used in testing

Phase 2: Nanoparticle/Nanodroplet Chamber
Retention Time Testing

Testing Chamber

The bioaerosol test chamber (Figures 7 and 8) used in
testing to contain the aerosol is constructed of 304
stainless steel and is equipped with three viewing windows
and an air-tight lockable chamber door for system setup
and general ingress and egress. The chamber is equipped
with filtered HEPA inlets, digital internal temperature and
humidity monitors, humidifier, lighting system, multiple
sampling ports, aerosol mixing fan, and a HEPA filtered
exhaust system that are operated with wireless remote
control.

For testing, the chamber is equipped with four 3/8-
inch diameter stainless steel probes, for aerosol sampling,
projecting into the chamber about 18” from the nearest
sidewall. All sample and dissemination ports are inserted
approximately 18 inches from the interior walls of the
chamber to avoid wall effects and at a height of
approximately 40 inches from the floor. The aerosol
sampling probes are stainless steel and bulk headed
through the chamber walls to provide external remote
access to the aerosol samplers during testing.

The test chamber is equipped with two high-flow HEPA
filters for the introduction of filtered air into the test
chamber during aerosol evacuation/purging of the

ANONYMIZED TECHNICAL EDITION | RO5 | source page 6 of 27

chamber between test trials. Additionally, it has a HEPA
filtered exhaust blower with a 500 ft3/min rated flow
capability for rapid evacuation of any remaining
bioaerosols.

Figure 8. The environmental test chamber used to replicate a
small room environment.

A Magnehelic® gauge (Dwyer instruments, Michigan
City, IN), with a range of 0.0 +/- 0.5-inch H,0, is used to
monitor and balance the system pressure during aerosol
purge and testing cycles. Prior to testing, the interior walls,
ceiling, and floor of the testing chamber were wiped down
with 91% Isopropyl Alcohol.

Aerosol Sampling Equipment

7128



TSI® APS

A TSI Aerodynamic Particle Sizer (APS; Figure 9) model
3321 (TSI Inc., Shoreview, MN) was used during pre-testing
to measure particle size and concentration of aerosols
during test runs. The APS provides real-time aerodynamic
particle characterization with a size range from 0.54-20.0
um with 52 size bins of resolution. Sampling is continuous
with a data export interval of 1 second. The APS has a
continuous flow rate of 1 LPM. The APS was connected
directly to a sample port located in the chamber to
measure challenge aerosols.

Figure 9. TSI Aerodynamic Particle Sizer model 3321 was used
to measure total particle concentration and particle size
distribution of the aerosols (0.54-20.0um)

TSI® Fast Mobility Particle Sizer

A TSI Fast Mobility Particle Sizer (FMPS) model 3091
(Figure 10) (TSI Inc. Shoreview, MN) was used to measure
all particles throughout testing. The FMPS provided
particle characterization with a size range from 5.6-560 nm
with 32 size bins of resolution. The FMPS has a flow rate of
10 liters per minute (Ilpm). Although the FMPS has the
capability to characterize the size of particles, it does not
have the capabilities to distinguish the composition of each
particle as a nanoparticle or nanodroplet. The FMPS was
connected directly to a sample port located in the chamber
to measure challenge aerosols.

L ®

|

=

Figure 10. TS/ Fast Mobility Particle Sizer (FMPS) used to
measure particle size distribution of the challenge aerosol for
the nanoparticles (5nm to 500nm).
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Testing Method

To compare the nanoparticle/nanodroplet retention
time of the A A sprays to the leading
competitors, one air freshener from each brand tested for
particle size distribution was chosen to be dispersed into
the chamber for testing. The sprays chosen for testing were
A A3 B B1 c
c2 andD D1

The chamber conditions were at ambient room levels
(35% relative humidity 22°C) for testing. Two mixing fans,
located in two corners of the chamber, were pointed
towards the center of the chamber to ensure a
homogenous mixture of aerosols remained in the chamber
throughout the test. To simulate a house HVAC system a
chamber turnover rate of two (2) room turnovers an hour
was instituted during testing. This was accomplished by the
opening of HEPA filtered vents on the sides of the chamber
and adjusting the chamber blower down to a speed where
the volume of air in the chamber turned over twice over
each hour test.

For testing, each spray can was dispersed into the
center of the chamber and allowed to mix into a
homogenous aerosol concentration. After dispersal, the
chamber was sampled from a sample probe by the TSI
FMPS. (Pretesting showed that the TSI FMPS would provide
the data needed without needing to use the TSI APS during
testing). The aerosol sampling device was wired to a laptop
where files were created in the software for each device to
collect all data from the trial. The sampling devices was set
to sample at 30 second durations throughout the hour
trials.

For testing, the A A3 scent was
dispersed into the testing chamber with one actuation. The
actuation for this spray can lasts approximately 750ms. The
other three spray cans were dispersed for one second each
during testing. After each trial, the chamber was evacuated
for 30 minutes to allow for the removal of the prior spray.

Data Analysis

The data analysis for the nanoparticle/nanodroplet
retention time consisted of graphing the total
concentration of each air freshener spray particles in the
chamber throughout each trial and comparing the total
amount of particles in the chamber as well as the
decomposition rate of these particles.
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Chamber Particle Distribution Distribution

APS & FMPS, Particle size depicted for each product plotted 5 minutes after aerosolization into the test chamber
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Figure 11. Particle Size Distribution of Nano and Micro sized particles in the chamber over time throughout each trial.

Nanoparticle/Nanodroplet Retention Results over ten times more than c which had an average
. . starting concentration of 6.71E+03 parts per cm? and had
The nanoparticle/nanodroplet retention results . .
the next highest concentration. A also
showed that the A spray produced a much .
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Figure 12. Total concentration of particles from 5.6-560 nm in the chamber over time throughout
each trial. (Note: The results of the trials are depicted on a log scale).
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Nanoparticle/Nanodroplet Retention Results

The nanoparticle/nanodroplet retention results
showed that the A spray produced a much
larger number of particles and/or droplets within the 5.6-
560 nm size range that the FMPS measures for than the
other three spray brands. It produced an average starting
chamber concentration of 1.62E+05 parts per cm3. This was
over ten times more than c which had an average
starting concentration of 6.71E+03 parts per cm? and had
the next highest concentration. A also
averaged over 100 times more of these
nanoparticles/nanodroplets thans which produced
a starting concentration of 4.46E+02 parts per cm3, and
D which produced a staring concentration of
2.93E+02.

The degradation of the particles and droplets over
time shows that the A spray degraded the
slowest out of the brands tested. At the end of the hour-
trial, the A spray was still at a concentration
higher than the starting concentration of the next closest
brand which was c The B and D
degradation time was affected by each spray reaching the
noise level of the instrument within the first ten minutes.
This was due to the very low starting concentration of
nanoparticles/nanodroplets in the chamber for each
brand. See Figure 11 for Particle size distribution of the

SOURCES:
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aerosol sprayed into the chamber, and Figure 12 for the
retention time of the aerosolized particles.

Summary of Results

The results from the particle size distribution testing
show that the A spray has a particle size
distribution in a smaller range than that of the competitors
tested. Because of this smaller particle size range, the
nanoparticle/nanodroplet retention testing showed that
the A spray produced ten times the amount
particles within the 5.6-560 nm size range when sprayed
compared to the other air freshener sprays and had greater
persistence in the test chamber. These very small particles
stay in the air longer than bigger particles and are under
the traditional alveolar range for lung deposition when
inhaled meaning they are more likely to be breathed back
out than deposited in the lungs.

Conclusion

The testing showed that the A spray
produced much smaller particles than the leading
competitor sprays, and that these smaller particles persist
in the chamber even with two (2) chamber air turnovers
simulating a home HVAC system. The persistence of the
small particles in the air should, in theory, allow for the
aroma of the air freshener to persist in the air longer than
the larger particles produced by the other aerosol air
freshener products tested.

1. ISO, BS. "13320. Particle size analysis-laser diffraction methods." ISO Standards Authority (2009).

2. Spraytec User Manual MANO0368- Issue 2.0 May 2006

3. CIPAC MT 187 - Particle size analysis by laser diffraction (2002)
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Analvtical Testing Facility

Aerosol Research and Engineering Labs, Inc.
12880 Metcalf Ave.
Overland Park, KS 66213

Project #

R0O5

Studyv Director

Name withheld

Aerosol Research and Engineering Laboratories

GLP Statement

We, the undersigned, hereby certify that the work described herein was conducted by Aerosol
Research and Engineering Laboratories in compliance with FDA Good Laboratory Practices (GLP) as
defined in 40 CFR, Part 160.

PERSONNEL, SIGNATURES, AND SIGNATURE DATES WITHHELD
This anonymized technical edition is unsigned.

The source compliance references are retained above but conflict with the page
1 citation.

No current certification or accredited scope is asserted.
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APPENDIX A

Supplemental Graphs
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PARTICLE SIZE DISTRIBUTIONS - TEST ARTICLE A
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Figure Al. Particle-size distributions for A1-A3 and A average.
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Figure A2. Particle-size distributions for B1-B3 and B average.
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PARTICLE SIZE DISTRIBUTIONS - COMPARATOR C
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Figure A3. Particle-size distributions for C1-C3 and C average.

PARTICLE SIZE DISTRIBUTIONS - COMPARATOR D
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Figure A4. Particle-size distribution for D1.
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D VALUES - TEST ARTICLE A
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Figure A5. D values for A1-A3 and A average.

D VALUES - COMPARATOR B
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Figure A6. D values for B1-B3 and B average.
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Figure A7. D values for C1-C3 and C average.

C average

D VALUES - COMPARATOR D

[ opi10] opis0] mp[ee] mp[4,3] |

180.00

160.00

140.25
140.00

N

120.00

100.00

Particle Size (um)

89.77
80.64

80.00

60.00

50.95

40.00

20.00

0.00 D1

Figure A8. D values for D1.
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Particle Distribution Percent Distribution with the APS and FMPS

Particle size depicted for each product plotted 5 minutes after aerosolization into the test chamber
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Figure A9. Aerosolized Particle Distribution in the environmental chamber 5 minutes post dispersal

APPENDIX B

Raw Data for Malvern Spray Testing
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--X-- Average Particle Size Distribution
(average scatter, weighted)

Sample: Al
Supplier: withheld
Batch no.: Al

Start+0.0480 (s) - +0.3848 (s)

100
2 3
E &
(o] = |
3 50 E’-
= i
@
2 £
E E
=1 (o]
O >
0 _
0.10 1.00 10.00 100.00

Particle Diameter (um)

Size um)] %V < %V |Size gm)] %V < %V |Size um)] %V < % V
0.117 0.01 0.01 2.51 1.25 029 | 5412 8928 7.08
0.136 0.03 0.02 2.93 1.63 038 | 6310 9453 5.25
0.158 0.06 0.03 3.41 211 047 | 7356| 9792 3.39
0.185 0.10 0.04 3.98 267 056 | 8577 | 9963 1.71
0.215 0.14 0.04 464 3.32 065 | 10000 | 100.00 0.37
0.251 0.19 0.05 5.41 4.08 076 | 11659 | 100.00 0.00
0.293 023 0.05 6.31 5.00 091 | 13594 [ 100.00 0.00
0.341 0.28 0.05 7.36 6.14 1.14 | 158.49 | 100.00 0.00
0.398 033 0.05 8.58 7.64 150 | 184.79 | 100.00 0.00
0.464 037 0.04 10.00 968 204 | 21544 | 100.00 0.00
0.541 041 0.03 1166 | 12.47 279 | 25119 | 100.00 0.00
0.631 043 0.03 1359 | 16.25 379 | 29287 | 100.00 0.00
0.736 0.45 0.02 1585 | 21.25 500 | 34146 | 100.00 0.00
0.858 0.46 0.01 18.48 | 2761 6.36 | 398.11 | 100.00 0.00

1.00 0.47 0.01 2154 | 3533 772 | 46416 | 100.00 0.00
1.17 0.49 0.02 2512 | 44.24 8.91 | 54117 | 100.00 0.00
1.36 053 0.04 2029 | 5397 973 | 63096 | 100.00 0.00
1.58 061 0.08 3415 | 6397 | 1000 | 73564 | 100.00 0.00
1.85 074 0.14 3981 | 7359 962 | 85770 | 100.00 0.00
2.15 0.96 0.21 4642 | 8220 8.61 | 1000.00 | 100.00 0.00

Figure B1. Al raw Spraytec data.
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Average Particle Size Distribution
(average scatter, weighted)

Sample: A2
Supplier: withheld
Batch no.: A2

Start+0.0500 (s) - +0.4420 (s)

100 ¥ 20.00
/1
S / 1500 %
: / :
[
=1
5 3
3 50 1000 §
= IC
s £
3
: c
3 500 2
0 0.00
1 10 100 200

Particle Diameter (um)

Size (um)] %V < %V | Size um)] % V< %V |Size um)] %V < % V

0.117 0.00 0.00 2.51 0.65 0.26 54.12 84.39 8.47
0.136 0.00 0.00 293 0.99 0.34 63.10 91.15 6.76
0.158 0.00 0.00 34 1.42 0.43 73.56 9595 4.80
0.185 0.00 0.00 3.98 1.95 0.53 85.77 98.82 2.87
0.215 0.00 0.00 464 2.57 0.62 100.00 | 100.00 1.18
0.251 0.00 0.00 541 3.29 0.72 116.59 | 100.00 0.00
0.293 0.00 0.00 6.31 4.11 0.83 135.94 | 100.00 0.00
0.341 0.00 0.00 7.36 5.09 0.97 158.49 | 100.00 0.00
0.398 0.00 0.00 8.58 6.29 1.20 184.79 | 100.00 0.00

0.464 0.00 0.00 10.00 7.86 1.56 215.44 | 100.00 0.00
0.541 0.00 0.00 11.66 9.97 2.1 251.19 | 100.00 0.00
0.631 0.00 0.00 13.59 12.86 2.90 292.87 | 100.00 0.00
0.736 0.00 0.00 15.85 16.80 3.94 341.46 | 100.00 0.00

0.858 0.00 0.00 18.48 22.01 5.21 398.11 | 100.00 0.00
1.00 0.00 0.00 21.54 28.65 6.64 464.16 | 100.00 0.00
1.17 0.00 0.00 2512 36.71 8.06 541.17 | 100.00 0.00

1.36 0.03 0.03 29.29 45.98 9.27 630.96 | 100.00 0.00
1.58 0.10 0.06 3415 56.02 10.05 735.64 | 100.00 0.00
1.85 0.21 0.1 39.81 66.24 1022 857.70 | 100.00 0.00
2.15 0.39 0.18 46.42 75.92 9.68 | 1000.00 | 100.00 0.00

Figure B2. A2 raw Spraytec data.
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Average Particle Size Distribution
(average scatter, weighted)

Sample: A3
Supplier: withheld
Batch no.: A3

Start+0.0500 (s) :: +0.4136 (s)

100
2 T
E @
° :
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T ®
= £
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=1 (o]
O >
0
1 10 100

Particle Diameter (um)

Size (um)] %V < %V | Size um)] % V< %V |Size um)] %V < % V

0.117 0.00 0.00 2.51 1.05 0.33 54.12 89.85 6.74
0.136 0.00 0.00 293 1.45 0.41 63.10 94.82 4.97
0.158 0.00 0.00 34 1.93 0.48 73.56 98.01 3.19
0.185 0.00 0.00 3.98 2.50 0.57 85.77 99.63 1.62
0.215 0.00 0.00 464 3.18 0.67 100.00 | 100.00 0.37
0.251 0.00 0.00 541 3.98 0.80 116.59 | 100.00 0.00
0.293 0.00 0.00 6.31 4.97 0.99 135.94 | 100.00 0.00
0.341 0.00 0.00 7.36 6.25 1.27 158.49 | 100.00 0.00
0.398 0.00 0.00 8.58 7.94 1.69 184.79 | 100.00 0.00
0.464 0.00 0.00 10.00 10.21 227 215.44 | 100.00 0.00

0.541 0.00 0.00 11.66 13.28 3.07 251.19 | 100.00 0.00
0.631 0.00 0.00 13.59 17.36 4.08 292.87 | 100.00 0.00
0.736 0.00 0.00 15.85 22.64 5.28 341.46 | 100.00 0.00
0.858 0.00 0.00 18.48 29.23 6.59 398.11 | 100.00 0.00
1.00 0.00 0.00 21.54 37.11 7.87 464.16 | 100.00 0.00
1.17 0.03 0.03 2512 46.06 8.95 541.17 | 100.00 0.00
1.36 0.12 0.08 29.29 55.70 9.65 630.96 | 100.00 0.00
1.58 0.25 0.14 3415 65.50 9.80 735.64 | 100.00 0.00
1.85 0.45 0.20 39.81 74.84 9.33 857.70 | 100.00 0.00
2.15 0.7 0.26 46.42 83.11 8.27 | 1000.00 | 100.00 0.00

Figure B3. A3 raw Spraytec data.
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--X-- Average Particle Size Distribution
(average scatter, weighted)

Sample: B1
Supplier: withheld
Batch no.: B1

Start+0.0368 (s) - +0.4440 (s)

100 / 20.00
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e Py
E @
(o] = |
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@ —
= e

@
s £
E ]
(o]
3 500 2
0 0.00
20 100 500
Particle Diameter (um)
Size um)| %V < %V |[Size um)| %V < %V |Size um)] %V < %V

0.117 0.00 0.00 2.51 0.00 0.00 5412 | 2140 1195

0.136 0.00 0.00 2.93 0.00 0.00 63.10 | 38.15 16.75

0.158 0.00 0.00 3.41 0.00 0.00 7356 | 5659 18.44

0.185 0.00 0.00 3.98 0.00 0.00 8577 | 72095 16.36

0.215 0.00 0.00 4.64 0.00 0.00 | 10000 | 8493 11.98

0.251 0.00 0.00 5.41 0.00 000 | 11659 | 9238 7.44

0.293 0.00 0.00 6.31 0.00 000 | 13594 | 9644 4.06

0.341 0.00 0.00 7.36 0.00 0.00 | 15849 | 9845 2.02

0.398 0.00 0.00 8.58 0.00 000 | 18479 | 9939 0.94

0.464 0.00 0.00 10.00 0.00 0.00 | 21544 99.79 0.41
0.541 0.00 0.00 11.66 0.00 0.00 [ 25119 9995 0.15
0.631 0.00 0.00 13.59 0.00 0.00 | 29287 9999 0.04
0.736 0.00 0.00 15.85 0.00 0.00 | 34146 | 100.00 0.01
0.858 0.00 0.00 18.48 0.00 0.00 | 398.11 | 100.00 0.00
1.00 0.00 0.00 21.54 0.00 0.00 | 464.16 | 100.00 0.00
1.17 0.00 0.00 25.12 0.00 0.00 | 54117 | 100.00 0.00
1.36 0.00 0.00 29.29 0.03 0.03 630.96 | 100.00 0.00
1.58 0.00 0.00 34.15 0.57 0.53 73564 | 100.00 0.00
1.85 0.00 0.00 39.81 3.00 243 857.70 | 100.00 0.00
2.15 0.00 0.00 46.42 9.44 6.44 | 1000.00 | 100.00 0.00

Figure B4. B1 raw Spraytec data.
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--X-- Average Particle Size Distribution
(average scatter, weighted)

Sample: B2
Supplier: withheld
Batch no.: B2

Start+-0.0004 (s) :: +0.4496 (s)

100 50.00
9 3750 %
e Py
E @
(o] = |
3 50 2500
= e
@
s £
E ]
(o]
3 1250 2
0 0.00
20 100 500
Particle Diameter (um)
Size um)| %V < %V |[Size um)| %V < %V |Size um)] %V < %V
0.117 0.00 0.00 2.51 0.00 0.00 5412 | 1754 12.53
0.136 0.00 0.00 2.93 0.00 0.00 63.10 | 3966 | 22.12
0.158 0.00 0.00 3.41 0.00 0.00 7356 | 6482 | 2516
0.185 0.00 0.00 3.98 0.00 0.00 8577 | 8410 | 19.29
0.215 0.00 0.00 4.64 0.00 0.00 | 10000 | 9443 10.33
0.251 0.00 0.00 5.41 0.00 000 | 11659 | 9844 4.02
0.293 0.00 0.00 6.31 0.00 000 | 13594 | 9964 1.19
0.341 0.00 0.00 7.36 0.00 0.00 | 15849 | 9993 0.29
0.398 0.00 0.00 8.58 0.00 000 | 18479 | 9999 0.06

0.464 0.00 0.00 10.00 0.00 0.00 | 21544 | 100.00 0.01
0.541 0.00 0.00 11.66 0.00 0.00 | 25119 ] 100.00 0.00
0.631 0.00 0.00 13.59 0.00 0.00 | 292.87 | 100.00 0.00
0.736 0.00 0.00 15.85 0.00 0.00 | 34146 | 100.00 0.00
0.858 0.00 0.00 18.48 0.00 0.00 | 398.11 | 100.00 0.00
1.00 0.00 0.00 21.54 0.00 0.00 | 464.16 | 100.00 0.00
1.17 0.00 0.00 25.12 0.00 0.00 | 54117 | 100.00 0.00
1.36 0.00 0.00 29.29 0.00 0.00 | 63096 | 100.00 0.00
1.58 0.00 0.00 34.15 0.04 0.04 73564 | 100.00 0.00
1.85 0.00 0.00 39.81 0.77 0.73 857.70 | 100.00 0.00
2.15 0.00 0.00 46.42 5.01 4.24 |1000.00 ] 100.00 0.00

Figure B5. B2 raw Spraytec data.
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--X-- Average Particle Size Distribution
(average scatter, weighted)

Sample: B3
Supplier: withheld
Batch no.: B3

Start+0.0476 (s) :: +0.4496 (s)

100 20.00
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(o] = |
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= e
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3 500 2
0 0.00
20 100 500
Particle Diameter (um)
Size um)| %V < %V | Size um)| %V< %V __|Size pm)| %V < %V

0.117 0.00 0.00 251 0.00 0.00 5412 | 20.44 10.82

0.136 0.00 0.00 293 0.00 0.00 63.10 | 35.24 14.79

0.158 0.00 0.00 341 0.00 0.00 7356 | 51.72 16.49

0.185 0.00 0.00 398 0.00 0.00 8577 | 67.10 | 1537

0.215 0.00 0.00 464 0.00 0.00 | 100.00| 79.37 12.28

0.251 0.00 0.00 541 0.00 000 | 11659 | 87.99 8.62

0.293 0.00 0.00 6.31 0.00 000 | 13594 | 9346 5.47

0.341 0.00 0.00 736 0.00 000 | 158.49 [ 96.68 3.23

0.398 0.00 0.00 858 0.00 000 | 18479 9848 1.79

0.464 0.00 0.00 10.00 0.00 0.00 215.44 99.40 0.93
0.541 0.00 0.00 11.66 0.00 0.00 251.19 99.82 0.42
0.631 0.00 0.00 13.59 0.00 0.00 292 .87 99.97 0.15
0.736 0.00 0.00 15.85 0.00 0.00 341.46 | 100.00 0.03
0.858 0.00 0.00 18.48 0.00 0.00 398.11 | 100.00 0.00
1.00 0.00 0.00 21.54 0.00 0.00 464.16 | 100.00 0.00
1.17 0.00 0.00 2512 0.00 0.00 541.17 | 100.00 0.00
1.36 0.00 0.00 29.29 0.06 0.06 630.96 | 100.00 0.00
1.58 0.00 0.00 3415 0.76 0.70 735.64 | 100.00 0.00
1.85 0.00 0.00 39.81 3.40 2.64 857.70 | 100.00 0.00
2.15 0.00 0.00 46.42 9.63 6.23 | 1000.00 | 100.00 0.00

Figure B6. B3 raw Spraytec data.
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--X-- Average Particle Size Distribution
(average scatter, weighted)

Sample: C1
Supplier: withheld
Batch no.: C1

Start+0.0452 (s) - +0.4496 (s)
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Particle Diameter (um)

Size (um)] %V < %V | Size um)] % V< %V |Size um)] %V < % V

0.117 0.00 0.00 2.51 0.00 0.00 54.12 16.05 10.04
0.136 0.00 0.00 293 0.00 0.00 63.10 31.87 15.82
0.158 0.00 0.00 34 0.00 0.00 73.56 50.73 18.86
0.185 0.00 0.00 3.98 0.00 0.00 85.77 68.43 17.70
0.215 0.00 0.00 464 0.00 0.00 100.00 81.95 13.52
0.251 0.00 0.00 541 0.00 0.00 116.59 90.64 8.70
0.293 0.00 0.00 6.31 0.00 0.00 135.94 95.54 4.90
0.341 0.00 0.00 7.36 0.00 0.00 158.49 98.05 2.51
0.398 0.00 0.00 8.58 0.00 0.00 184.79 99.24 1.19

0.464 0.00 0.00 10.00 0.00 0.00 215.44 99.75 0.52
0.541 0.00 0.00 11.66 0.00 0.00 251.19 99.94 0.19
0.631 0.00 0.00 13.59 0.00 0.00 292 .87 99.99 0.05
0.736 0.00 0.00 15.85 0.00 0.00 341.46 | 100.00 0.01
0.858 0.00 0.00 18.48 0.00 0.00 398.11 | 100.00 0.00
1.00 0.00 0.00 21.54 0.00 0.00 464.16 | 100.00 0.00
1.17 0.00 0.00 2512 0.00 0.00 541.17 | 100.00 0.00
1.36 0.00 0.00 29.29 0.00 0.00 630.96 | 100.00 0.00
1.58 0.00 0.00 3415 0.17 0.17 735.64 | 100.00 0.00
1.85 0.00 0.00 39.81 1.47 1.30 857.70 | 100.00 0.00
2.15 0.00 0.00 46.42 6.01 4.55 | 1000.00 | 100.00 0.00

Figure B7. C1 raw Spraytec data.
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--X-- Average Particle Size Distribution
(average scatter, weighted)

Sample: C2
Supplier: withheld
Batch no.: C2

Start+0.0492 (s) - +0.4496 (s)

100 10.00
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2 10 100 500

Particle Diameter (um)

Size um)] %V < %V |Size gm)] %V < %V |Size um)] %V < % V

0.117 0.00 0.00 2.51 0.00 0.00 5412 33.41 8.57
0.136 0.00 0.00 2.93 0.00 0.00 63.10 43.00 9.59
0.158 0.00 0.00 341 0.00 0.00 73.56 5299 9.99
0.185 0.00 0.00 3.98 0.03 0.03 85.77 6267 9.69
0.215 0.00 0.00 4.64 0.10 0.07 100.00 7146 8.79
0.251 0.00 0.00 5.41 0.23 0.13 116.59 7897 7.51
0.293 0.00 0.00 6.31 0.43 0.19 13594 85.08 6.11
0.341 0.00 0.00 7.36 0.68 0.25 158.49 89.89 4.80
0.398 0.00 0.00 8.58 0.97 0.30 184.79 93.56 3.68

0.464 0.00 0.00 10.00 1.30 0.32 21544 96.30 273
0.541 0.00 0.00 11.66 1.64 0.34 25119 9822 1.92
0.631 0.00 0.00 13.59 2.00 0.37 292 87 99 43 1.21
0.736 0.00 0.00 15.85 2.44 0.44 34146 | 100.00 0.57
0.858 0.00 0.00 18.48 3.07 0.62 398.11 | 100.00 0.00
1.00 0.00 0.00 21.54 4.06 1.00 | 464.16 | 100.00 0.00
1.17 0.00 0.00 25.12 5.70 1.64 54117 | 100.00 0.00
1.36 0.00 0.00 29.29 8.32 2.62 630.96 | 100.00 0.00
1.58 0.00 0.00 34.15 12.24 3.92 73564 | 100.00 0.00
1.85 0.00 0.00 39.81 17.73 548 | 857.70 | 100.00 0.00
2.15 0.00 0.00 46.42 24 .84 7.11 [1000.00 | 100.00 0.00

Figure B8. C2 raw Spraytec data.
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--X-- Average Particle Size Distribution
(average scatter, weighted)

Sample: C3
Supplier: withheld
Batch no.: C3

Start+0.0444 (s) - +0.4496 (s)
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0 0.00

20 100 500

Particle Diameter (um)

Size um)] %V < %V | Size ym)] %V < %V | Size (um)] %V < % V

0.117 0.00 0.00 2.51 0.00 0.00 5412 3093 14.01
0.136 0.00 0.00 2.93 0.00 0.00 63.10 4773 16.79
0.158 0.00 0.00 3.41 0.00 0.00 73.56 64.39 16.66
0.185 0.00 0.00 3.98 0.00 0.00 85.77 7825 13.87
0.215 0.00 0.00 4.64 0.00 0.00 100.00 88.05 9.80
0.251 0.00 0.00 5.41 0.00 0.00 116.59 9403 597
0.293 0.00 0.00 6.31 0.00 0.00 13594 9724 3.21
0.341 0.00 0.00 7.36 0.00 0.00 158.49 98.81 1.57
0.398 0.00 0.00 8.58 0.00 0.00 184.79 99.53 0.72

0.464 0.00 0.00 10.00 0.00 0.00 | 21544 99 .84 0.31
0.541 0.00 0.00 11.66 0.00 0.00 [ 25119 99.96 0.12
0.631 0.00 0.00 13.59 0.00 0.00 | 29287 9999 0.04
0.736 0.00 0.00 15.85 0.00 0.00 | 34146 | 100.00 0.01
0.858 0.00 0.00 18.48 0.00 0.00 | 398.11 | 100.00 0.00
1.00 0.00 0.00 21.54 0.00 0.00 | 464.16 | 100.00 0.00
1.17 0.00 0.00 25.12 0.02 0.02 54117 | 100.00 0.00
1.36 0.00 0.00 29.29 0.46 0.44 630.96 | 100.00 0.00
1.58 0.00 0.00 34.15 240 1.94 73564 | 100.00 0.00
1.85 0.00 0.00 39.81 7.43 5.04 857.70 | 100.00 0.00
2.15 0.00 0.00 46.42 16.92 9.49 [1000.00 ] 100.00 0.00

Figure B9. C3 raw Spraytec data.
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ARE Labs
12880 Metcalf Ave, Overland Park, KS 66213

+1-913-850-6630 | info@arelabs.com

Average Particle Size Distribution
(average scatter, weighted)

Sample: D1
Supplier: withheld
Batch no.: D1

Start+0.3784 (s) - +0.4496 (s)

100 —— 20.00
g 1500 %
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> 50 1000 §
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o [}
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3 500 Q

0 0.00
20 100 500
Particle Diameter (um)
Size um)] %V < %V [Size (um)] %V < %V [Size um)] %V < % V

0117 0.00 0.00 251 0.00 0.00 5412 1357 7.88

0.136 0.00 0.00 293 0.00 0.00 63.10 2562 12.04

0.158 0.00 0.00 341 0.00 0.00 73.56 4059 14 .98

0.185 0.00 0.00 3.98 0.00 0.00 85.77 56.19 15.59

0.215 0.00 0.00 464 0.00 0.00 100.00 70.11 13.93

0.251 0.00 0.00 541 0.00 0.00 116 .59 81.04 10.93

0.293 0.00 0.00 6.31 0.00 0.00 13594 8879 7.75

0.341 0.00 0.00 7.36 0.00 0.00 158 49 9387 5.08

0.398 0.00 0.00 8.58 0.00 0.00 18479 96 98 3.1

0.464 0.00 0.00 10.00 0.00 0.00 | 21544 98.73 1.75
0.541 0.00 0.00 11.66 0.00 0.00 [ 25119 9960 0.87
0.631 0.00 0.00 13.59 0.00 0.00 | 29287 9993 0.33
0.736 0.00 0.00 15.85 0.00 0.00 | 34146 | 100.00 0.07
0.858 0.00 0.00 18.48 0.00 0.00 | 398.11 | 100.00 0.00
1.00 0.00 0.00 21.54 0.00 0.00 | 464.16 | 100.00 0.00
1.17 0.00 0.00 25.12 0.00 0.00 | 54117 | 100.00 0.00
1.36 0.00 0.00 29.29 0.00 0.00 | 630.96 | 100.00 0.00
1.58 0.00 0.00 34.15 0.27 0.27 73564 | 100.00 0.00
1.85 0.00 0.00 39.81 1.70 1.43 857.70 | 100.00 0.00
2.15 0.00 0.00 46.42 5.70 4.00 | 1000.00 ] 100.00 0.00

Figure B10. D1 raw Spraytec data.
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