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S1. Description of 1) ultrasonic dispersion and de-agglomeration 2) size distribution
measurement using TSI Optical Particle Sizer and Differential Mobility Analysis

A. Schematic of Ultrasonic
Dispersion Setup

Ultrasonic De-agglomeration

C. 0.3 - 10 um size distribution
measurement using OPS

B. De-agglomeration setup using a
commercial venturi pump
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Figure S1: (A) (same as Figure 1-A from the main text, repeated here) Schematic
representation of the ultrasonic dispersion setup constructed for this study. (B) (same as Figure
1-B from the main text, repeated here) Schematic of a commercial portable venturi pump used
as an aspirator for sampling dispersed aerosol from the ultrasonic dispersion setup. A negative
pressure is created at port A connected to the throat of the venturi due to the flow of particle-
free air through the pre-fabricated nozzle in port B. Powder fragments from the ultrasonic
dispersion setup are aspirated into the turbulent jet formed inside the venturi pump. The
particles are well dispersed and thoroughly mixed due to the turbulence when they exit the
venture pump through port C. (C) Schematic of conditioning of dispersed aerosol particles prior
to size distribution measurement by TSI 3330 Optical Particle Sizer. An empty 5-um filter
holder was used as a cyclone to remove particles larger than 10 um. (D) Schematic of
conditioning of dispersed aerosol particles prior to size distribution measurement by differential
mobility analysis. A plastic bag of volume ~1000 L was used to remove particles larger than
0.5 um.




0.3 — 10 um aerosol size distribution measurement:
The aerosol exiting the venturi pump (volume flow
rate ~ 30 LPM) is introduced into a cyclone for
removing particles larger than 10 um prior to
measurement (Fig. S1-C and S1-D). A standard 5-
um particulate filter holder (Central Pneumatic
#68279) without a filter inside was used as a cyclone
impactor. The size distribution downstream of the
cyclone impactor was found to have particles no
larger than 10-um using a TSI 3330 Optical Particle
Sizer (OPS). The OPS uses light scattering to detect
particle size and to count individual particles in the
0.3—10 pum size range and draws 1.0 LPM as sample
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Fig. S2: Pictures and hyperlinks for the
two venturi pumps used — TD260LSS
generates low-intensity vacuum while
UV143H generates high intensity

flow. The instrument also circulates a 10 LPM sheath
flow internally to improve the detection of particles
by reducing aerosol beam broadening due to diffusion. After the OPS sampling, the bulk of the
aerosol flow was exhausted to the atmosphere after filtration using a combination of coarse and
HEPA filters (Fig. S1-C). The size distribution function calculated by the Aerosol Instrument
Manager (AIM) software (TSI Inc.) is reported in this study.

vacuum

Sub-0.4 um aerosol size distribution
measurement: The size distribution of
the particles in the sub-0.4 um range was
characterized using differential mobility
analysis (Knutson and Whitby 1975). A
10 LPM portion of the aerosol flow was
discharged into a homemade plastic bag
(BARRICADE,

#110CT60100LOWES6B, 6 mil) of
volume ~ 1000 L to allow for the gas to
expand to ambient conditions and for
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by gravitational settling (Fig. S1-D). Kanomax | o[ Eleckrastatic impacton
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was established inside the 1000 L
dispersion volume, aerosol particles were
sampled for measurement (Fig. S1-D). A
long column differential mobility
analyzer, DMA (classification
length=44.444 cm, outer radius=1.958 cm, inner radius=0.937 cm) was used with a Kanomax FMT
3650 Condensation Particle Counter (CPC) to obtain the particle size distribution. A TSI 3088 soft
X-ray bipolar charger was used to charge the particles to attain a known steady state charge
distribution prior to detection (Fig. S3). The DMA was operated at a sheath flow of 7.5 LPM and
the classification voltage was stepped (as opposed to commonly used exponential scanning(Wang
and Flagan 1990)) in fixed increments between 50 V — 10000 V to cover the size range of ~30 nm
— 450 nm. The sample flow exiting the DMA was maintained at 0.6 LPM to obtain a non-diffusing

Fig. S3: Schematic of the setup used to obtain
electrical mobility-based size distribution of
dispersed aerosol particles




mobility resolution of ~12.5. The digital pulses from the CPC were counted using the pulse counter
on a National Instrument™ USB 6002 data acquisition module using an in-house LabView®
routine. All flowrates and voltages were calibrated to within £1% accuracy using the Gilian®
gilibrator flow cell and high voltage probe (B&K Precision PR 28A) respectively. The recorded
concentrations at each voltage was used to calculate the size distribution function using the
Twomey-Markowski algorithm, described in detail in Buckley and Hogan Jr (2017), while
accounting for multiple charging of particles(Gunn 1955, Wiedensohler 1988, Gopalakrishnan et
al. 2013). From the SEM images, the particles were observed to have dense compact shapes and
hence the reported mobility sizes can be considered representative, as the effect of shape of
relatively compact shapes on the bipolar charging has been known to be small(Gopalakrishnan et
al. 2013).

SEM Imaging of powder and dispersed phase particles: SEM images of the powders were obtained
by smearing directly on a SEM stub with double-sided conducting adhesive carbon tape. To
examine the aerosolized particles for each of the four powders studied, particles were collected
from the gas phase on a SEM stub functioning as a single stage impactor in place of the OPS while
drawing the same 1.0 LPM flow rate. For the 100 nm and 30 nm TiO2 aerosol particles, to
investigate the structure of particles in the sub-300 nm size range, mobility classified particles
were collected downstream of the DMA. The same impactor was used with voltage applied (~1
kV) between the tip of the flow tube and the SEM stub (~1 cm spacing) to deposit all charged
particles at a flow rate of 1.5 LPM. Since the size distributions of the sub-0.4 pum aerosol was
broad, the voltage was continuously stepped for the sampling duration to collect all the particles
that contribute to the observed size distribution through electrical mobility analysis. To confirm
that the collected aerosol particles are made of TiO2, Energy Dispersive X-ray Spectroscopy (EDS)
was used to simultaneously obtain the atomistic composition of imaged particles.



S2. SEM images of particles imaged to characterization the aerosolization from powder
phase
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Fig. S4: A) SEM image of 500 nm TiO; particles
collected from the gas phase after ultrasonic lift off
and before turbulent de-agglomeration. B) SEM image
of 100 nm TiO; particles C) SEM image of 30 nm
TiOz particles




Fig. S5: 5 um polyimide particles
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Fig. S6-1: 500 nm powder (SEM images)

A. 500 nm TiO, particles

particle

v HRW lens mode HV mag @ | spol z v 10 ym e HV nag @ | spot 2 wp — 1 gm——
Higl m | 50.8 ym | Immersion | 15.00kv | 2500x | 2.0 | 55893 University of Memphis Hi n | 15.00kv | 20000 x | 2.0 | 5.5893 mm | 4.9 mm University of Memphis

C. Isolated D. Isolated TR
particle particle y

— 1y —— v ag B

4.9 mm University of Memphis g 6.35 15.00 KV | 20000 x | 2.0 | 5.5893 ersity of Memphis

— 1 ym ——




Fig. S6-2: 500 nm powder particle (EDS)
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Fig. S6-3: 500 nm powder particle (EDS)
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Fig. S7-1: 100 nm powder particles (SEM)
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Fig. S7-2: 100 nm powder particles (EDS)

Electron Image 3
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Fig. S7-3: 100 nm powder particles (EDS)

Electron Image 4
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Fig. S8-1: 30 nm powder particles (SEM)
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Fig. S8-2: 30 nm powder particles (EDS)
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Fig. S8-3: 30 nm powder particles (EDS)
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